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aq. == aqiieouB 
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moL bt. =» molecular hoat(s) 
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press. *w pressure (s) 

sat. « saturated 
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In the cross references the first number in clarendon type is the number of the 
volume; the second number rofors to the chapter; and the succeeding number refers to the 

soction. Thus 5, B8> 24 rofocH to § 24, chapter 88, volume 6. 

Tho oxides, hydridem, halides, sulphides, sulphates, carbonates, nitrates, and phosphates 
are considorod with the basic elements ; the other compounds are taken in connection with 
the acidic ohunent. The double or complex salts in connection with a given element include 
those asBociated with elemonts previously discussed. The carbides, , silioidos, titanides, 
phoBX>hidos, arsenides, etc., are couBidered in connection with carbon, silicon, titanium, etc. 
The intormotalUc compounds of a given element include those associated urith elements 
previously oonHidored. 

The use of triangular diagrams for representing the properties of three-component 
systems was suggested by G. G. Stokes (Proc. Eoy, #Soc., 49 * 174, 1891). The method was 
immediately taken up in many directions and it has proved of great value. With practioe it 
becomes as useful for representing the properties of ternary mixtures as squared paper is for 
binary mixtures. The principle of triangular diagrams is based on the fact that in an equi- 
lateral triangle the sum of the porpendieular distances of any point from the three sides is 
a constant. Given any three substances di, /i, and C, the composition of any possible 
combination of these can be ropreaented by a point in or on the triangle. The apices of th© 
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abbkkviations 


triangle roproscut the single oompmionlH ^ , />, and the M'Ii". ni ihi' in.ni' h- 1, ju,. ,.ui 
jnixturcR of A ami />', !< and C,ar (! ami A ; ami i)(iiiil,!i witlmi tli<’ Inaii-h'. (■nnui\ tm .linvs, 
The conipositions of the inixtnren can he rc|ir(hM'iit,c<l in [u'f>’cnl(i:;i'- , or ivlcin tl »n uuii v, In, 
otc. In h'ig. 1, pure A will In' l•('pI•cKl'llU'(l In a point (it tin' iipc'i ntuti.Ml ! II |ini Pc (,lu< 




standard of rcforenco, tho point /I rnprauiiik KKI pi'r emit, of ,1 ami mithing ohm; inixtufci 
containing 80 por cent, of A aro reiiresontml by a jioiiit on tho line HH, (in pm* cenl., n( ,| l>y a 
point on tho lino GO, otc. Similarly with It and (t- h'igii. 0 and '.1 I'c.pcrltvoly. (‘onihine 
Figs. 1, 2, and 3 into ono diagram by suiioriwHiUiin, and h'lg 4 reMdle. Am pnnit ui tlmi 



diagram, Fig. 4, thus reproHonts a tornary mixUirm For hiKtwien, tlm iiolnt M ft*in'c»,eidt> a 
mixture containing 20 per cunt, ol A, 20 pi»r cemt. of It, imd (K) per wmt, of 


(IIIAI’TKK LYli 
mihPuuR 

§ 1. The History o! Sulphur 

Bniii'iiiut. !ui» known from very early times. It w called Schwcfel in 
(inrtiiiuiy ; .yntfiv. in If'ranc.e; Holfo or zolfo in Italy; zufre ox azufie in Hpaiu; 
and si'</jhi in S\\nd('ti. Thu name is said to be derived Ironi the Sanscrit .mlvere 
throned' I'he biiliii atilpfiiiritim or mlplmrum. IsodoruH’ Hugf^cstion that that term 
is a <u)rru|)|.i(m td' .vd rrvp, is not uwKipted. Sulfjkur was then frequently called 
Itipis ttrilt'ns. Thu venmcnlar name of snlpliur was formerly hnmutone, and that term 
i.H .Hlill imt'd whe.n r('ferring to its iullaimnablo character —e.p. it is often mentioned 
in the. liiltlo, Itcodaiidu (19. 20), etc. In the Pentateuch -Gmem, 19. 24— citie.s 
wer(‘ (lu.stii'oyud Ttopl ml (kteo -by lire and hrimstouc. Ariciout writers frequently 
nnnil.ion a suliihnroiiH smell accompanying lightning, and it has bceu suggested 
t.hat tlu^ Oreck term Odou, divine, was extended to .sulphur, for sulphur then ap- 
peared to nce<ijnpaiiy <livinc manifestations. The term dehu is freriuently used by 
Homer for Hiil[)linc r.;/. in tlie Odpmia (22. 481), where, after the slaughter of the 
suitors, Odysseus, rec.ognizing the need for a general clean-up, called: “ Quickly, 
(>! Danu^, hjring (ire that I may hum sulphur, the cure of ills” — and sulphur wa.s then 
used as ii filmigating jigesut, for Homer also sjieaks of the “ peat-averting sulphur,” 
the ” diviiK! and purifying fumigation,” etc. Sulphur was also used by the ancients 
in some of their religious ceremonieB ; inde(id, the very term is itself derivc<l from 
0ak, nu*aning (Jod. ilioseoridoH, in his Uepl yXx'js ’larpLKfjs, written in the first 
century of our era, referred to awpov detov, meaning pure or native suliihur, and 
to TttmjpuiiUvov &dov, meaning sulphur extracted by means of fire. There are 
several alluHiotm to sulphur in contemporaneous writers. Thus, Juvenal, in his 
diitim (4. 4(> 47) ; Martial, in his EpvjrammcUa (1. 42 ; 10. J) ; Ovid, in his Fasti 
(4.7.‘M>)> referred to “ cleaning and purifying sulphur,” and, in his Ars amU 0 ria {2. 
.’WO), he alluded to the purification of houses with eggs and sulphur ; and Apulcius, 
in his Mdmmr-phom (11. Ifi), mentioned a purification by a priest of Isis who used ^ 
egp and sulphur while holding a torch and repeating a prayer. Pliny, in^ his ' 
Uutwia niUumlis (6. 60), also stated that sulphur had its place in religious 
ceremonies, and that it was used in fumigating houses, Pliny said : 

Sulphur iw emjiloyod coremoniouRly in the hallowing of houses, for many are of the 
opinion that the odour and burning thereof will keep out all enohantments — yoa, and 
drive* away any foul toids and evil spirits that do haunt the place. 

Pliny regarded sulphur as one of the most singular kinds hi earth, and an agent 
of great power on other substances. He said that sulphur was obtained from the 
volcanic islands between Sicily and Italy ; and from the Isle of Melos and that 
it was mined from the hills in the 'territories of Heapolis and Campania. When 
rained, the sulphur was purified by fire. Pliny said that there are four kinds of 
sulphur : viz. (i) Suljur mum, or ap^row— -introduced by fire — occurs in solid 
masses or blocks and is used for medical purposes ; (ii) gl&ba, or glebaceous sulphur, 
is used in the workshops of fullers ; (iii) egula is used for fumigating wool ; and 
(iv) sulphur that is Used principally in the preparation of matches— r-wfe 8 . 51, 38. 
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1 N(|Rj;AN!(^ AN!> THK()HK;ri(‘A!. rilK\llS'ri;Y 


Pliny iii(lira 1 n<l iouritM'n iiHMlirinal \irtu<';'<»l i.ulphur. IiM'It. !$<' an'al’u fn l.i« 

pM'cMnvail iti <’('!iain hut. tniiH'rnt u atari.. Pliny *nl<lu(! that hyhluuiu an*! Ihinalar 
atluiidrR wit li a at rnti^ siiiull nl* aniplmr, and tha Indil prndiiM ti l»\ tni . a 

siil|)hnr<H nts <'uiuph‘ \ ion, No uuh. I aiioo, said hr. nuittr,. naa'r icadih tlnin 
sulphur, a. proof t-liat I horn is su it- a ."nsit- alliintx lu !)(»' o/i'u os /Vo ../os-; 

iifri*ndi(ut ; (jito appuyrl Kju 'nnn rim nripnair itunn n Hm . I.ilrnirrf wa; 

irafishitud i>yu writ or (d' tiu‘ |dilop,!.'.|<ni pri ioth sr\onti*rn rnil mar hihn ‘ oiilphur 
is till' most, iiitlnnmuildr .snhi-taiM'o known: a tact v\hi(h nial'' if ^widrut tliat. 
sulphur (amlaius iniudi pldnyial on." 

1 'Ih‘ l(U*nU' dviTVpiit' and '/n ;rn/nf>//dron arr takru to iiniiratr tint thr ^♦rrtdw 

know }in\r to rolino sulplim, allliou'di Ihr oporahon m lod itnadiriH‘d h) rphrr 

Hiusrnridr' or Plni\ It li:i . also 



P'icr I. '.riju Mxtrsoiaon of Hnlpluir in ttir 
tSixt oisitli ( '('Ot orv . 


hrrn ar”Urd Ir imUsddv , I ha| t hr'.r 
trims W(‘rr nUrtolrd {o diUnron.h 
hrtvsiM'U thu\ois al idphta otol tbo 
\\a\ likr \ anrl\ , R X'sn-itj j dr 
r.rdlH‘ii thr r\trar(H*ii of ladphnr h'otii 
tin* nativr wni h 'Two pot-, plarod 
on<‘ ahovr thr ofhrr ta r artanm*d tm 
that tin* npprr pot had a prifnralod 
iMittniu, and d v\ a . ahmr instird hv 
tin* fur], d’hr .snlphnnoni . ‘su fh, or 
j»ynt<':s was plarrd tn fin* uppor pol, 
d. w ilh a lufrtl ltd, t \ l‘d‘s 1 . \ ^ thr 

.ailpliiir nn'll(‘d, d diippiul into tfn* 
h*wrr pot, /d wliirh nit^dd alsoronluin 
watma Somot nnra thr lowrr or rr 
rri\ mp |»ot wn.a Ininrd in tlir protind 
a I illtistral<‘d hy Pip,, i. pnru hy 
th Ap.rirola.t Hr addrd to IMiny'alinf 
of thr uniri of this ? nhsimna* ; 


Bulphur uIhu rutofh into i la*- rompo'ution of pnnpowdrr nn r rrwHif!*' widrh 

hii« int-rc)(lmaHl u ihwv* kind of wartnir l<»r it nutklr.s loisjalraot' iron, atrrh m oioor to l»r filiot- 
fnr nway, 


The twrlfth-rordairy lauiin v<*r;dt<»n of tho Arnldnn <Jrhrr d/onwm prp/rrf 
mdfjiatrtii • thus ndorn t.n Htdiduir : 

Sniper in a fatty rarih tlui’krnod in thr utiitu' l>y hotting uitti! it has hardtoiud find 
hrcoiao 'dry; and whou it han hnrdonrd it. in rnUiHl aulptmr. It- itas n vrry niootg rtom 
positiom and ia of unil’ona«ubHtannr itj at! itn parts limnuiso it in honH»gr|toriis ; air I f hnoi'oro 
Its oil is not ronioveil by distilling m if*, t lu^ tniaa wit-li ot Itrr mtbtdanroa |rt;*..irridog oil * , . 
{Sulphwoan bo <jalehuHl wdy with groat Iohm. li in m vtilaiilt* an a npint , Wlaoi ridriiiotl 
with sulpfmr, all mi^tals moroaso in woight, in a inantn'r whirH canuot hr gurstioinni^ for 
all th© inotalB ran bo eombintd with Hulphur, (moopting gold* widrh romhinoa only with 
ditoulty. Mercury combmos with wulfduir produrirtg a mihliiniUo of asa/of or rinnithar* 
Hulphar usually blackom tho motaK but it'autw not imiwimitr inortnir)yor ollvor an aoino 
philoBophera imagia©. 


In las twelfthrcoatury OomjmiHimde All>rrl'iiH Miigima uIhii iltwrihcil 

the prepaxation of cmuabai in this maniw ; and hr. miuh a Hptndal Hiiuly thr 
action of sulphur on the metals. la his J)b rebm nwitdlim ri liii 

kdto apply the word (fffinitatem nutnrm mriuliu miuit to rniiantii 

that relationship between coMbming substances which in tho caiisit nf their tiiiiiat. 
Geherji in MBDemmntione veritatm, also mentioned tlie prepariitbn of mM a/mfp/iur 
he mlfum : 

Rt|b y©ry Enely some natural sulphur, clear and gummy, urid boil in lye mada from 
powdered ashes and natural chalk until it appears transparent* Thi* cloiWi atir with a 



SULPHUR 
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stick atu! cure£ully remove tiuiC which has conio out with tho lyo f)y loavtup; t }h 5 IJuckt''ne<i 
part b(Hi(‘a(ii. (k)o{ the (\\i met a little, aud put on it a foui't li part of yooil virK‘;j:ai% and lo, 
the whole will (‘-ongeal like milk. Komove the clear lye m far as you can, and <iry off tho 
residue by a slow hr(>. 

Later clHsnxLsks spolvc alxmt milk of wuljjliur as a weiLlviiowii .siiltsi.iiiiee ; and 
F>asil Valcnthu‘ - also referreil to flour rs of sulphitr fores sidJ'Kris -as a well- 
known product. The ])repara.tiou of the subiinuitC” liowers of suiplmr — wtis 
describ(3d by G, Agricola, a,tid A. Libavius. 

The peculiar properties of sulphur - naiu(*1y, ils combustibility, its assoeiutioii 
with metals, and its powi'.c of uniting with nn^taJs to form a miinixw of coloured 
compounds - -led to tlio vu3w that this clement has a mysterious relationship with tln^ 
miitals ; and it was soon considereii to be a, necessary constituent of all nud.als. 
Hence, the sulphur of the nmtcria primu theory of tnaiter came to rcfiresent tfi(3 
prin(‘iple of combustion, in the same sense that set represented the principle of 
Uxidity and solidity, and nicraury the j)riueipl<3 of gasehy aud li<{uiclity -vide 
1. 1, j 2. llen(‘c, the sulphur of the phiJosoplicrs, advocated by, Ksay, T. R. (dauber 
in the middle of the seventeenth century, wais a mystic, inscrutable spirit, not the 
sulphur of the working akdicmist. Jn 1675, N. Lemery, in his (dfurs <le rlti/iid\ 
opened a chapter on this substance : Sulphur is a kiud of bitumen that is found in 
many ])lacos in Italy and Spain.’’ J. G. Wallerius said that sulpluu* n// aliud esc 
quam injlamnuihle e.oncentratiim fmou solida seu terrestre, dMns is virtually tho 
hypothesis expounded by Gob or, and J. Knnckel said : 

Sulphur consists hrstty of a fatfcy oartli which is a sort of combustible oil of a kind 
whicli is found in all vegotabloa ; and secondly of a iixo<l volatile salt aiul a certain thick 
oarthinosa. 

In the sixteenth and seventeenth centuries, chemists — Para<xdsiis, N. d(3 Lefe- 
bare, 0. Glaser, etc, '« regarded sulphur as a resinous or fatty earth which contained 
Biilphuric acid ; J. Kiinckcl also believed that sulphuric acid and a combustible 
sulistance are tlie chief cjonstituents of sulphur ; and this hypothesis was advocated 
by J. K. Glauber in the middle of the seventeenth century, G. E. Stahl taught 
that sulphur itself is a compound of sulphuric acid and phlogiston : Sulphur 
i Phlogiston i-Siilphuric a<;id. This reaction played an important part in estab- 
lishing tlui phlogiston theory — 1 . 1, 15. L, A. Emnierling adopted K. KirwaiTs 
view that sulphur contains 40 per cent, of phlogiston and 60 per cent, of vitriolic 
aoi<l, au<l remarked that tlic antiphlogistians considered sulphur to be ein ohemisck 
einfacher Korper. After A. L. .Lavoisier and other anti})hlogiBtians fiad demon- 
strated th(3 fallacy in G. JL StahTs hypothesis, sulphur was regarded as an 
elemental form of matter. Thus, in 1801, K. J. Haiiy stated that, according 
to the results of la chimie moderne, sou f re est un corps simple. Some rival 
hypotheses were suggested F. .H, Curaudau^ supposed sulxxhur to be a 

compound of carbon, nitrogen, and hydrogen ; C. Oirtanner guessed oxygen 
and hydrogen ; and IT. Davy, that sulphur is a compound of small quantities oi 
oxygen arul hydrogen with a basis that yields tho acids of sulphur on combustion. 
i(y<lrogen is produced ixi such quantities from sulfxhur by voltaic electricity that it 
cannot well be considered as an accidental ingredient, and he likened sulphur to a 
hydrocarbonaceous vegetable matter. This was supported by W. Clayheld's 
and A. B. BerthoIIet’s observations. H. Davy gave up the hypothesis that sulphur 
contained oxygen after his study of the action of chlorine on that element ; J. Dalton 
argued against the idea ; and J. L. Gay Lussac and L. J. Thenard proved that 
suljihar must be regarded as an element. 

T. Cross ^ thought that by electroly^img a mixture of silver sulphate and sulphide 
he liad transmuted sulphur into a rxew element which he called hijlMum, but 
IL Alexander contradicted the results which T. Cross had reported. 
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§ 2. The Occiirromc© of Sulphur 

Solpliur ocrur.s in nol.ur<* fmi untl cnmhitunl. Anmrdiiip P) llm D.AiiiOitni nf 
F, W. Cla.rk(*A onil V\ W. (Inrkn au<l II. S. WuNkin};,Pni. ilw iyuisma inn-Ln <4 ihv 
eartlfn lO-'inib crusi o-ontain 04)52 jut oant. nf aulphur, aial fir 12 prr mO. nf 
oxygon; and tiio andiinentury linn*,sinn<*H, 0*09 par vrni, of aalphur, aiul 424»t 
par o<ndn of (^a(). Tha. avaraga amount <d HO.j in nluilrr. in 0*r»l prr atnit. , in nand 
HtouaH, 0*07 par aaut, ; and in limaMtonaH, 0*05 par <‘ant, 1'da tN'iInnaPNl uv»n‘n|/,a Inr 
tlie aartldn litlioHpharc in Od)4‘3 par aanP of Hiilphnr, and oariii par aani, tif HPt| 
whan that of wliaa in 504)8 par aatit* Otharwma axpra,Mmah tha aarllda hfhoaphara 
--'ur lO'-milo aruat "hao 04)6 par aaut, of Hiilphur (oxygaip 4ia40 par rant.) ; iha 
hydroaphara, 04)9 per cant, (oxygon, 85*20 par vmU} ; and tho gamniil avaraga, for 
lithoBpherc, hyiiroophora, ami atmonpharc, in 04)0 par coni, (oxygon, 41P!lio par cant ,) ; 
J. H. L, Vogt ostimated that the ignooua roakn td tlia aartldn «nnwt. ctmtiuuad 04i 
per ceut. of Bulphur (oxygon, 47*2 par cant*), 11. 8, Wiwhingtoii gavi^ 0414 pta* 
cent,, and W, VeruadBky gave 0*54 for tlu^ porcaniaga amount, atui Od for t-fm 
atomic proportion. 

Sulphur also occura in cxtm-tcrrcHtrial raginuH, An imhcaied liy 
E. E. F. Ckladni,^ and E. Cohen, neveral people have mcntlonwl t-he blue Ihiinc 
and sulphureous smell of meteorites which have just fallen ; 14. Mathias nalit that 
the colours most frequently observed with thundcrboltH an? those of black bodies 
cooling, 4.6. yellow, orange, or red, la many cases, howt^ver, bitay or a colour 
produced by Buperi)Osition of blue on one of the preceding, in observed ; theiie are 
attributed to burning sulphur, possibly arising from sutptuiramnUiahig organic 
matter in the atmosphere* The blackening of gilded objeetH, and ilie nai-iiro <if 
odours observed in some cases, support this conclusion. Free sutphur to the isxtetdi 
-of 1-24 pw cent* was reported' by H. E* Eoscoe in the Abus meteorite, and leatier 
amounts, m bther meteorites have been indicated by F. Wdhlar,* d. N* liockyer, 
I', ,Elss.ni, N* Teclu# J. E. Smith, 0. XT. Shepard, and C. Eeichenbaeli. Seorci of 
metemtes have been observed to contain metal sulphides, principtlly pyriki»-* 
B. Brewster,^ and C. A, Young thought that they r©eogiii»#cl ttwi 
occurrence' of the spectral lines of sulphur in the solar spectrum, but IL A* Eow* 
land,, and M."K* Saha concluded that the spectral lines of the »un show no indication 
of sulphur.' J . N'.' Eockyer discussed the indications of sulphur in the speokal lines 
3f some of the hotter stars and I. S. Bowen, in nebulw. 
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wiilphur jiroduccn’s. 'The world's pnxliKd/ion of sulphur ”ui long iioii;; i;; sliowti in 
Tiihlo I. 
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Europe. Tlionum' no (lojinsil'H of Hulpliur of ooiurrH^rfial irnporijuu'n in €!roa.t BrltaiJcud 
has hot'u found aHHOtnaicxl witfh tht^ pjypwuia of N<Hvju’k, NofiinKhJUJn o.ud in (Corn- 
wall, i )(M'hysliir<i, \V<\st.isi(a‘(''latHl, and (konix'irlarnl ; an<l <*(»nc‘r<dd(His havo htMai rc'porhal 
in iliA (■’a-rhoniioroiiH IJrtK'siono of Ireland. Jn France^ tnairln <*on(ju*iun}.': Mulpiuir aro 
tniiKMl ill tJ»o dispart nuaiiH of lionchoH-tlu-IUu'ino hikI VttuolaHt^ for iiio uho of vint\vardH ; 
tduM'f'' a.ro Huiall orcuirroun's in nrwoml othor clojwrt.nuniiH ; and ilun't' in a small <iopoKil. 
of sulphur HKSOoiaUul with tilu^ pjypmmt of Ih'ahauK noar MarKoilloH, Tlnn'o a.ro dtiponiiM 
(if Huljihur in Spain ^ in l-lui provitmoH of JVtonda, Altuoria, luul A lluu’ota. d’hu sulphur 
is jioro aHHOfdatod with ^j;ypHiiin and marl. Italy ® is tho tnont im})orhLnt. Hulphurun’oduuing 
(snintry in Muropo, and it now ra.nk« nonoiid t.o tho lTnito( I Stahls U\ th(( vvorIir(4 pnuhnd.ion. 
Mosfcof Iho Hiilplnir is obiaiiuMl in Sioily from a holt oxitmding ov<u' MIO nul«M^ from Mount 
Etna on Uio cant, to (jirgonti on tfio west. Tho ooniro of th(*i induHt ry is at ( 'ahnriruwd.tia. 
i.'ho RulpluJt ocowB ill vnins, pockatn, and impregnaiinnH aHso(naio(i with gypmnn and 
hituniinouH Tuatk. tl. 'BnldaKsarri found it in tho Zoniadino (U'ofto of I’nwrany ; d, Pitton 
do Tonnud'ort, ana grotto at Milo; and <1. do Dolomiini, in a oavo on rEt.nn. It idso 
occurs intho volcanic islfmdrt noar Sicily ; in tho Holfatama lU'at Naples ; in I ho hitundnonH 
d(jpoHitR near Bologna; ct.(u A f<w oconrronooB havo h(M>n r<ipori(ul in Germany^** . 
Belgiumd*^ Iceland^*-* Galicia, Macedonia,*^ anti Greeced*^ Cyprus produced Jii ttaw 
iu 1(120. DopositH occur in Russia^® Austriad^ Hungary, anti Switzerlandd^ Tht^ro in noius 
in Norway. 

AEriCa."^A dopositof sulphur occurs at (luolma,’*® Algiers; nnumhtv of depoMits havo 
heon reported from South anti West Africa ; Bahar cl Baphinguc, Egypt ; Teuerilie ; and tho 
Islands of Tor and Bourtoou. 

Asia--“”-Occumiiicea of sulphur have boon found in tho Transcaspian district in 
Palestine,^® Asia Minor, Persia,®* Mesopotamia,®® and Central Asla.®^ DtipoHd-s of 
sulphur have been reported at many plaeoB in India, notably at (ihi/.ri Bunder in tho 
province of Golkurt. near Karghari on the Mekran Coant. Tlie most iinportanif inirio in 
near Sanni, in tho Kachhi district of tho Kolat State, lialnchiataw. Sulphur alno octnirn 
in Burma,®** at Mawsun in tho Sonthorn Shan States, Java,®** Celebes, the PhUIppine 
Islands,®* and China. Japan®® is an important producer of siilphur. ';rh(^ ilcponitH arc 
of volcanic origin, and occur as Bulphur-bearing clays in the beds of lakes of anciont < orators, 
or in muds wliichhavo been ejected during periods of volcanic activity. A Uttio wdplmr 
also occurs in tho vicinity of volcanic vents and fumaroles. The most important mining 
area is in Hoklcaido ; there are sulphur mines along the Kirishima volcanic ;^ono ; and 
there are many de;gosit8 in the north of Honshu. There aro no Bidplmr dopoaits on 
Shikoku, and non© is mined in Korea. A little sulphur is mined in nevoral of the Kurile 
Islands ; and in th© vicinity of Daiton volcano, Eoimaosa. 

Australasia. — G. H. Tv Ulrich noted the ocourrence of sulphur in Victoria ; 
K, W. E, Maclvor, in New South Wales; A. McIntosh in Tasmania; and thora is 
a deposit at Whit© Island, Hew Zealand, deposits havo been also reported on some of 
the Fauifllc Islands,®*' Vanua Leva, New Hebrides, Sandwich Islands, etc, 

South America.— There is a number of important sulphur deposits of volcanic origin 
in Chile,®® where the majority are situated at high altitirdes. The deposit worked "on 
Mi^tmts Olca and Clmpiquina are at altitudes of 17,000 to 1B,000 ft, above soadoveL 
There are also deposits at Mounts Ollagii© and Tacora. Small oecwroncea have boon 
noted in the Argentine, Peru. Ecuador, Colombia, Brazil, Trinidad, and Martinique.®® 

North America.— Occurrences of sulphur have been reported in Mexico,®’ Tho largest 
"producer of sulphur is th© United States and there are deposits in California, Nevada, 
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Utah, WyoininjL!:, Texas, Louisiana, Ooorgia, Virgiuia, JMarylaml, Uonnsylvuiiia, aitul 
Mu'hiyait ; hut 1)8 per cent, of tho iotal output occurs in the (Jc'op-lyin^j; sulpfiur beds ot 
Lonisiaiin, and 'FexaH. Tliero arc also occurrences in Unalaskai, (he Akun IshiTKlH, aaid in 
tlu^ Ualniai region, Alaska— as inerustations about tlu^ fianaroles of t.h<^ valley ()f 
Ten 'Fliousand Smokes. There are deposits in Canada in tho provinet's of Nova. Scotia, 
Ontario, Alberta, British Columbia, and in tlio district of Mackenzie. 

(b VLschniac found some Rul})hur in iodine. W. iVaaulti distuisscd tlie. 
<lifliculties attending the preparation of liydrogeu fr(‘<‘ from Hulphur. Tlie occurrence 
of sulphur in the tissues of animals and man has been discussed i)y E. and II. Hal- 
kowsky, etc. H. Schulz found that in the dried organs of a. man ag(Hl 39 tlie 
])ercentage of sulphur varied from 0-57 in the brain to 1*03 m the jejuimin. In 
the muscles of different animals, the percentage varied from O-HG t.o 1-33 ; in the 
human aorta, from 0-47 to 0*67 ; and in the human vena cava, from ()'28 to 0-73. 
The sulphur in the liver colls of oxen wa.s estimated by F. Kriigi^r and co-workers : 
they also found the liver cells of man to contain 241 per cent, of sulphur ; and of 
newly horn children, 3*56 per cent. In a case of fatty degeneration of the liver, 
there was present 248 per cent, of sulphur. The sulphur in egg alhunien was 
discussed by E. Drechsel,^!- P, N. Raikow, E. Baumann, E. L. Salkowsky, a,nd 
A. Kriiger ; in pig's fat, by G. Mariaui ; in cow's milk, by (}. Hartori ; in urine, 
by R. lacpine and co-workers, A. HeKter, E. Petry, B. Botidzynsky and K. Pane.k, 
and F, H. Thiele ; in the fseces, by E, L. Balkowsky, and F. von Oefele ; in cystine, 
by W. F. Hoffman and R. A. Gortner ; in human hair, by J^. N. Raikow, and 
F. Diiring ; by li. Weiskc, in bird's feathers ; and in wool, by H. Btrunk and 
H. W. Priess, P. N. Raikow, and E. Grandmougin. P. Mohr found the following 
percentage amounts of sulphur : Woman’s hair dark blonde, 4-95 ; girl's hair - 
dark brown, 5*34 ; boy’s hair — red blonde, 4*9B ; boy’s hair - red, 5*32 ; rabbit’s 
hair, 4*01 ; calf’s hair, 4*35 ; horsehair, 3*56 ; pig’s hair, 3*59 ; sheep’s wool, 
3*68; goose feathers, 2*59-3*I6 ; pig’s hoof, 2*69; calf s hoof, 3*57; ox hoof, 
white, 3*49 ; ox hoof, black, 3*45. TJxe sulphur of wool is contained in tho keratin. 
Dry wool readily absorbs hydrogen suli>lude, and as such is easily oxidi74ed to 
sulphuroxxs acid. Hence the reports that sulphites are ])resent in wool, and that 
the keratin mol. conta.ins sulphite. E. Ijaborde found approximately 0*2 f)er cent, 
of sulphur in the skin of three children ; and in tlu*. healthy skin of another who had 
died from poisoning by sulphuric acid, there was 0*15 per (*.ent., whilst the buriKul 
areas of tho skin contained 0*37 per cent. The o(*.currenc.e of sulphur in plani-s • 
onions, garlic, txiustard, horse-radish, oils, etc. -wa.s <liseusse<l by M. Berthelot 
and (r. Andre, G. Ougini, T. Jamieson, M. M. H. Munro, and 0. Tainmann. 
A. R. Thom])Son found stilphur in the rice-])! ant;. 

J. IL and 0, J . draveuhorst'^^ observial that sulpliur is producisl when a decoction 
of vegetable ixiatter is allowed to stand in couiact with sodium sulphate -nfrfc 
infra, hydrogen sulphide. The 
occurrence of granules of: sulphur 
in the cells of some kinds of Be(j- 
(jiatoa was noted by 0. Muller. 

S. Winogradsky's diagram of the 
Beggiatoa alba, Fig. 3, shows the 
sulphur gramxlevS ])resent in the 
cells. In 1870, 6. Hinze observed 
granules of sulphur in the cells of 
the algse XJlothrix, and Oscillaria, 

A. Corsini showed that the sulphur 
is in the colloidal form. F. Cohn 
found that the sulphur is always 
l)resent in certaii\ types of bacteria Pia. s.—Beggiatoa alba ( x 1 000). 

found in snlphur springs, where 

they abound in the white, slimy masses there present. Bulplmr is ituleed a 
product of the life action of certain bacteria*-^,//, the Meggkfou aka, (Jhnmm- 
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tHim oLrini, eU‘. *1nsi aw filants a-n<l a.iuinals <l<M’iv<’' <‘n<T^»'y aiul h^al hy I la* 
oxidata)!! of <mri)Oiy ho <1o t-hme i)iud.<Tia {if)iK^ar tJoar iasoryy aiol ho;ii by 

i lie oxi(bit/ioii of aiilpliur. ]i eHtiina.to(I Miaf' roughly "Jb per rent-, of f-brir body 
i.s Miil{dnir, b. Winoppwbsky said iliat ihe lU'ijtjiatoa d(» iiof. make sulphur 
iiy nMliie-ing sulpluvt'OH to liydrt^geo sul})]n(h\ and }>a,riially oxidodii*', I lie b\'drogeii 
suliihide to water ?uul Miljiliur ; rn.ther do tlo^ bydropeo r.iilphicle 

ia> Hiilplitir aaul wai/or. TIh^j <‘a.n bo ouIiivat<Hl In a. very <bL muIo* of hydrogen 
Hiilplii<lo ; (‘onc. wohi. are ha.ruifiih Idle Hulfilntr nf'prod in llie (Mdloran oxidij^ed 
to HtilpliatoH, Thi) ineinbers of ii,noth<’'r kind of aulfilnir bauderia ean oxidize tdiio- 
HulphaioH to Hulplnirio a.cid : | bO 2Nn2HD4 I NiuS.|Oj., A<‘eording to 

l)» (k Ilarriaon, lyydrocynnic! arid infilbits not only f-lio a.erobic‘ bid. also tin* aauierobie. 
oxidation of Hu!f)lmr-eoinpounds. The addifaon of innu'S* of e^pper and iron to 
iniTifletl K'ulplmr C()tn poiinil groupa aeoeiera-toH their aerobie aaul iuiaerobie. oxiilut ion. 
The nct-ivation of oxyp:en is 'md. a jun’.esHary proeeas, nor doon it seton tha.t the 
cuiibdyiie nxditiu of llie nief.aJ.s is du(» to the a<'.tivation of oxygnin Ib D. lla.rriHon 
aasunu'M tJiaii.lu‘ <'{it:dysis of t.lie oxiila.tion of Mu^ sulphur lannfiound f^roiip hy rnetidH 
isefTreted hy tli<‘ aHiuaiate oxidation mid reductiim of th(Muid4dytie, nud.aJ hy nuuaaiH 
<rf whi(‘h liyilrogou is made available, for a.e.<‘.opia.iH':e by inoleeida.r oxygmi <ir hy 
inoihykmo hlius Ttie re<ln(dion of midihyhuu^ bhn^ hy snljihiir eoruponndH may 
taki't plnoe to an a|)]ireciable extent even in tlu^ noinplei.i' aJiseru’e of ea.taJytio 
metals. 

Very little is known about the bacteria whieh oxiilii^e tbe snlfiliides in soils* 
N. D. Zelinsky a,sso<;iaied the thiok layers of iron Hulphide on f-he bottom of 
the Black Sea. with the aetiou of various niiero-organisniH on the, ooze, and one 
of thoTiij the Baclmwn j)(mHa 4 ni, ca,n prodnia* hy<lrog<>n sulphide 

from Hulphates, sulphib^s, etc. 1 m Blion, however, ernpha, sized the, fmd. that this 
bacterium is not able to atiaidc Hulphates. Actua-lly, the lunnber of baeteria aide 
to reduce Hulfdaites is sniail. JM. W. Beyerinck showetl that tlie alh'ged redmduon 
of Biilpliates hy bacteria is acdiiially an oxidation of organic matter with the 
aid of the oxygen from the combineil sulphate : 2(1 [ KHO4 j 0 R(10.( | dOj, | H, 
and the energy is chulvikl from the combustion of the orgmucr matt<*'.f. I'his 
jiaxiiciilai bacterium was called, the Bfirillnm deHnlfurim/m afterw'ards MSfrmpha 
d(mlfuria(im\ A* van Delden found the same bacterium in Home vegetable mould, 
and the deposit of iron sulphide in the Wadden sliallow''B of thi^ DuLcdi, luiast was 
formed by the hydrogen sulphide produced from tlie bactcuium whicdi la's named 
Mioraspim mluarn. B. L. Issatchenko found this bacterium in the Bltu^k Hea ooze., 
A* RankfoimdtbcdfifcmsyaVcxfZos‘'ii//T^TO^^^ sea sand; andfk AbILvon Wolzogen 
Kiihr, in the sand and clay of the Dutch dunes. J 1 'Elion found yeii a tliird sulphate- 
reducing bactermm which he called Vibrio thimwierndfurimm with an (^fitiiniim 
temp, of 65 ^— lu'dc infra, the oceurcencc of liydrogcn Hulphide, 

The occurrence of sulplmr in coals, and in the produetH of the dry ^listilla^thm of 
coal, has been discussed by W. Wallace, etc. ; in oibshalcs, by B. IK Ifiirding ; in 
petroleum and gasoline, by 0. P. Mabery and A. W, Brnitb,^^ |A Ohnllcnger, cto, ; in 
irouA® and in natural waters by H. MoissanA*^ H* Moissan found that the water of 
the Bordeu Spring, Luohou, contains 3 x 0 hydrogen sulphide, and thk gaa, present in 
the air at the well, is considered to be a secondary product of the action of the carbon 
dioxide of the air on the sodium sulphide present in the water. The water has free 
sulphur in soln., and the vapour evolved from this water contains traces of hydrogen 
sulphide and of sulphur dioxide as well as some free sulphur. The free sulphur 
may he derived from three sources : (1)^ vaporization of sulphur from the water, 
(2) slow combustion of the hydrogen sulphide, and (S) the interaction of the hydrogem 
sulphide and the sulphur dioxideA® 

Sulphur, as a volcanic sublimate is produced by a reaction between sulphur dioxides 
and ihydxogen sulphide. It is also formed by the incomplete combustion of hydrogen 
sulphide: 2Hg.S^O^'«=2B[jjO+2S, as shown by G. I. :i50ckerA® E. Onorata, and 
, J. . Habettoann-; 'and by- -the action' of steam on sulphides; 3PbS+2H|0 
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lUiiiv in(lica1<Ml finirtoon UKMliriiial virtijcs of sulphur, whu’h. lo' tiui. .nr .tl -n fn hr 
porciuvotl iu (Trtuin hot, niin<‘nil \salrrs. IMiiiy ,'uhltMi that hyhfnnip oiul llnnrhu 
ut-l,rn(U’<l wit ii a strong suu‘ll of sulplnir, ;n\<l tho lifht prudiiwd lo tto’U» ha ; a 
^t^ron^ siilphuroous <'oinph‘\i<»ii, No Mih;>( aiirr, said ho. unuto;. oi^ro ir-ohls thuu 
sulphur, ii pniof t-hul. t horo is in it' a. t;!Vni olliintN to iiir ttlm /r'- ttn 

iinvndifur ; quo uppurrl iquiino rnn nitujHtUff tfonu ri d'hi. t.drnioitt win 

IranHliitoil liy n writ or of tiii‘ j>h!«rdu;loTi porit^L so\«’ut<‘oti I'i-nt itnr lal n Sulphur 
is thn uiosi iidluiuuiuhlo suhstauoo ktioNvn; a fari whiih uudo- it rNidnit tiuil, 
sulphur routaiiis luurli phIo|ns1 on." 

'riu‘ iiM'ins ilmifuiv and 7ri'/io)/i/ron aro takni to tiidioato tiiai tlo* t Jrroks 
knew linw to I'tdlno siitplnu*, although iho <»por;dion is nut luoutnuiotl hy rithor 

I )ntsrurid<''. <»r IMniv, it has al-io 
Imm'Ii arp.iU'd, lo- ^ ptolialdv. lint thrso 

tofiii.r, \V(‘ro jutondf'd to di <t in'uii'di 
holv\<*(‘n th»v\iUs oj . ulphui .nid tho 
\\.i\ liko v.inoty. \pnoitl.i do 

ra'rih<‘d tho r\tnn'ti*»ii <>1 ndphur tuun 
tho nutivi' «‘urlh 't\\o pot i p!aoo«l 
<1110 uhovo tlio othor swtv ananpod so 
that tin' uppor ptif tnd a piutnratrnl 
hottniu. HUd d \N{i. alono lioatofi hv 
tho fn<‘ 1 , 'I'lii’ aulphurooUt riuth, or 
pyritos* was phiood in tho upfHT [nt, 
./.with n lutod lid. (\ I'dp. 1 . \atlio 
sulphur luollish il- tirippod into tiu* 
|ow*u' p<»l, /i, wliioh uuv'ld ulsontutniu 
N\ati‘r, SoTuol imos tho tow or or ro* 
ooiniip put. wn.s Imnod ut tho ji^ruuttd 
as ilhistratiMl hy Kip. I, pi\oa hy 
I. Tho KMf,.oi.i.,i. of .Sulj.l.ur iu th- lli- .Mhl.oi tu IMiux’h linf. 

WxtooiUh t'oritiiry. of tho usus tu r-uhstaiM'f* : 



Fia. 


ISulphnr uIho i'nt<*rrt into tho oam|Hmtioii itf puiipovvdor uu tAurmtdr whioh 

ba« iutriuiuoodu lawv kiudof wurlnro lorit onahU*a tuisHilo^iof irtun Mt»*oh oratotih to l«o shot 
far <Awa^^ 


The twelfth "(leuitiiry Latin version of the Aruhitiii fiohor Sawfutt pt^rJ^iitouH 
migwiem--t\\utAn^forH to sulphur : 

Sulphur in a futty oartli thioktuH^l in the lutnn hy hailing until it has hunlottful ntid 
"bocoiao dry ; and whuu it hm hnrdiMied it ih nilltHl Mulpluir. It- htw^ n vory wl rung eone 
position and is of imifonn wuhatanoe in all it h part m lieeiumo it Im hruiatgouonupt ; and thi^refom 
Its oil is not romovcd by distilling uh in the eaw^ with other mthKtiuiet*s p<»j#im»ing oil, . . . 
Sulphur can bo calcincKl only with great loan, it in aa volatilt* lui u wpirU, When oiUetned 
with sulphur, all metals incroaso in %V(nght, in a nm-nner whioh raniHit ho tpioMtioiiitd, (or 
aU the metals can b© combined with Kulphur, excepting gold, which oomhiimH only with 
difficulty. Mercury cowbinos with sulphur producing a suhlimnt-c of mnfur or eirinabar, 
Sulphur usually blackens the metals, but iVaoes not tranainute mci*«ury.oi' Hilver ax xoine 
pbilosophwfi imagiae. 

In his twelftb-oentury Cmpositum de componitis^ Albertna Magiini* aia<i ^leaerihed 
the preparation of cmnabar.in this manner ; and ho made a Hpceia! ntuily of the 
action of sulphur on the nwtaJb. In his J)& rcbm inMaUku mimratibum^ ho wan 
Imto apply the word afiEtnity-^-^royicr affinittUcfn 7U4iurm nwiaUu tti eoiiTu>to 
relationship between coining substances which i» the cause of their union, 

also mentioned the preparation of milk ofmtjukur 


^hu^l sulphur, clear and gummy, and boil in lye inad# imn 
powdered ashca and natural chalk until it appear* transparent, ^phi* done, with a 
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i!! iho waiters of t Ik^ v\ar(‘. it' not- for t-h<‘ roul-inuotis OHlurlitsu of aislphair.s io 
Hulpludcs alon*’; tlu^ lii4onil pariacoilarly nunUly Hh<»o\K rirh in orifanir, luattrr. 
Sulphur tiK iro!) aiilpliiih* in plruliful in slnu‘<' hupnnihu aiui ni ;a >nr drop 
basins, likr. i !u* lilaok Sna, similar uorniitinnn ohiaiii al tbo bottom, and 

tlic' mud nil tln^ bottom is ri(di in aulpliitUn 

Tiir touiporatiiun (»f a<ni. vvai.or or lake \vai<‘r in <'bried baainr- namlla in t-lu^ 
deposiilof) of ea.!<da!n sulphate whieli forms mnudy all tln^ known bed^i of pypHuin. 
When tiioi(a>rie, waters losuhnl with hvdrcHUU'hous net- on ealeititu sulphate, the, 
Bulfiluite is r(Miue<ul t o sulphur. dduosulphal'(mua.y lawsimilarly redueed by lu'Hderial 
activity. 

The, muds and silts, rich in iron sulphide, lar|i^cly as mnrea.Hite, a.re eompresscd, 
rais('d, and fobb'd by f^cologieal pro<*i‘ssew t-o form rdiab^r^ and siandstoma;. The 
Hulpfd(h‘ is tluni atta<d<ed by oxi<ii7atijj;‘ s<dn., <n>nvcndaHl intiJ uolubh^ aulphutes atu! 
ayain carried ba<‘k to t,h(‘ sea. Hie nud-imric' wat-ers cdrcadatiny at (b*ep«'r Imads, 
(oxfraet .sulphates fr<un uplifted sedinuait-s liim\Hlom% slate, or siH. near t-he, 
surfamy and, lower down, tin* sulphi<l<‘H of hytlro^tm, ir<m, rdmu lead, capipiu', taul - 
miimu eolialt', or ui(*k(d. Tlie isu![dndes may Ih". ih^po.siiasl elamvhere as in iln‘ /.iuc 
and hunt sulphiih' deposits im, the, limestone of t.he Mississippi Vidley. 
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§ 3. The Extraction ol Sulphur 

The sulphur earth occuis iu Sicily iu lodca mixed with liincHtonc and gyp, sum. 
The amount of eulphur in, “ workable ” ore varies from 8 up to about 25 per cent. 
The sulphur is separated by boating the ore and allowing the luoltcu sulphur to 
flow away from, the mineral impurities. This is ellected by stacking the ore on the 
sloping floor of a circular kiln without a permauent roof. The kilns arc called 
calcaroni. _ In stacking the ore, air spaces are left at intervals to secure ventilation. 
The stack is covered with powdered or burnt ore. The sulphur is ignited near the 
bottom. A portion of the sulphur acts as fuel, and melts the remainder which 
collects at the lowest point of the inclined bottom of the kiln. After about five 
days, a plug at the lower end of the kiln is removed, and the sulphur is run into 
small wooden moulds. The opening is closed, to be reopened day by day until, in 
from three to five, more days, the sulphur ceases to flow. About one-third of the 
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.sulpliur is lost in tin' calcarouc system of extraction. It is, liovvevor, cheaper to 
use the sulphur as a fuel than to import coal. The loss, however, is excessive even 
then, iuicl in consequence, the calcarone method has been displaced by more 
economical kilns. The kiln devised by E. Gill ^ is mainly employed. This consists 
of an oven covered by a cupola called a cell. Inside is a small cupola within which 
a coke lire burns. Each cell holds up to about 5 cubic metres of ore- About six 
cells make a battery. The gases generated in the first cell pass by lateral channels 
into the next cell. When the liquation is completed in the first cell, the contents 
of the second cell have been heated to the ignition point of the gases. This cell is 
treated as in the case of the first one and so on in rotation. It is claimed that at 


least an 80 per cent, yield is attained by these kilns ; the time required for each 
c‘.eli is S-d days ; and gases heavily charged with sulphur are not lost in the atmo- 
sphere, and in coiisoquencc the work cair be continued all the year round withotit 
danger to the. crops of the fanners. The process was studied by A. Eicevuto and 
M. Buogo. G. A. Strover described the simple distillatioii process employed in 
Upper Burmali. The processes for extracting sulphur in Sicily Iiave been described 
by E. Jungfleiscdi, B. Brulm, S. Aichino, W. C. Phalen, etc. 

The dilliculties attending the mining of sulphur at Louisiana, led 11. Frasch‘*^ 
to devise a totally new method of extraction, which has removed from Siculy the 
domination of the conditions regulating the 


world's su[)ply of sulpliur. By means of 
rigs and drills, holes are bored to the sulphur 
deposit in a way similar to those employed 
in boring for oil. Sulpliur melts at llC'h 
The subterranean sulphur is melted by sui)er- 
heated steam, which is conveyed through a 
6-in, pipe to the sulphur bed, Pig, 4. The 
molten sulphur collects as a pool at the 
bottom of this pipe. Enclosed in this pipe 
is another 3-in. pipe through which the 
molten sulphur — or rather an emulsion of 
sulphur and air — is raised to the surface by 
compressed air (250 lbs, per sq. in.) forced 
through an inner 1-in. pipe. The molten 



I 
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sulphur is then conveyed to a wooden bin, pia. 4 .— H. EmKclPs Sulphur Bump, 
where it solidifies. The sulphur is of a liigh 

degree of purity — •09’93~99'98 ])cr cent, sulphur— and it contains only a trace of 
water. The process is applicable only to deposits rich in su]])lmr- say 60 per 


cent.-”-'and therefore is not available for the Sicilian earths. 


The geyser-like craters in the Bungo })rovince, Japan, emit sulphurous fumes 
intermittently. During inactive periods, the J'apancse hav(5 placed pipes in the 
ground, and in crevices about its craters, so as to collect the fumes during the active 
periods. The fumes are led into suitable reservoirs, and the liquefied 8ul2)hur 
flows from there in conduits, and solidifies down the side of the mountain* The 
sulphur is then broken into fragments and sold as Bungo sulphur. 


A number of otlxer proposals has been made for cxtractirAg siAlplmr from earths. 

O. Whitlock ® suggestod distilling the siilphur from large vessels. 0. liellman proposed 
extracting the sulpliur with carbon disulphide. A. Walter, and h\ Dickort patented 
systems of liquating sulphur from the sulphur-earth. W. Oritti the sulphur from 

the earth by heating with superheated steam. The idea was modilwKl by W* Becraft 
and A. L. Genter, W. D, Huff, the Texas Gulf Sulphur Co., E. E. White, K. I^srry, and 
W, E. Clifford and T. H. Green ; A. K. Sedgwick molted the sulphur in tlio earth by super- 
heated steam, and separated the molten stilphur by centrifugal action. M. de la Tour de 
Brenil heated the earth with a 66 per cent. soln. of calcium chloride at 120®, and colioctod 
the liquated sulphur. A. F. Lucas and 0. M. S. Tait obtained the heat for medting the 
sulphur in the earth in situ by partially burning the sulphur in the deposit by a mixture 
of air and carbon dioxide, and forcing the molten sulphur to the surface by gas press, 
W. I), Huff melted the sulphur from the earth in situ by electrical heaters ; and It* Fleming 
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iNCmGANK! AND TIIKOKKTH^AL VUKMmilV 


hiid a inotlilicaliou of him K. M. Haum inaUaai i,h(^ t'rmlo tnixiurn iu tJi*' {uvi,<^tjr«^ 

<>i’ nil *w|, :iohi. <>!' zinc. e*hJorido of siiah a. sp. /rr. llutt- llu^ ontlfon iiulpljur ri .om ju iho 
HurIjwM’j, 

H. DiUler'* .said tJial hohuj c-olloidaJ fuilphur is pjanlurcd by i-hr prol(>i}_‘»yd a<’4aou 
of Hteaai on pyriios a,!icl ituinuusii.c,, aiul l-hal- in soriu^ otiam ludlvo Miilphiir nuiy liava 
h(‘cn prcHliUH'd l>y a, Hiniibu' acdaon, Knlphur obUdiiod by ilio <liniJlla.iion of pyriioH 
or othor mota! sulphide is (‘.oniiiUMreiaJIy possiblt*. <aily in 4i tVw A. Waltau* 

partially rouHkxi llio ore in a. suitable furiuua* ; W. A. Hall Inasied the om wiili 
steaiiti aiuI a nMliKunj.? ibutio ; t.ho New Jersey Zine (t). heated the. ore to IKMK' 800" 
when the pyriios is cutivoricd into the pyrrliotih^ aitul sulphur; U. 1\ GerhnJp 
(). Ch ]}. Ross, und ( ). R- GhniH heated the ore with superlieahed steain : L. P, Wri|^dit 
heated iluj pyrites in aui (deetricnUly heaic<l rot-ort and ftnnid sulphur disiiiled o(T, 
and irori eontanuiuited with snlpUnc nutiaiued ; the K.lieiiania Viureiti (Huunise.he 
Fabrik produced sulphur by the aetioii of sulphur dioKide on iron sulpinde or 
pyrites or inixtiires whieJi yield iron sulphide ou heating; aljovn (UlO'h it It, Kingsley 
heated tilie sul|>!udc with dil. nitric acid (I : ‘20) ; a.n<i J, Switd)unie eIec4^ro!y/,(sl 
the TTUolien sulphide. 

Large <jiiaiiiitic3 of free suipluir are j)rodue<Kl iu iJie uuuiufHO.iurc <d e<»a,l gas, 
or coke-oven gan, w hero this ehunent aecutuulaics in the. iron oxi<lo of the purifying 
plant. Most of the sulphatsul oxide is used in, making siilpliur ilioxide, buif soim^ may 
bo treated for frc^c sulphur, hh Vaton ami A. Zuu-zmwar dist illed tlie spent oxide 
in retorts ; and A. Deromc heate! the matiuiul to rediU*HS while inje<d.ing stemn int.o 
thi". retort to decompose tlu‘- cyanuh^s, cie."-" sulphur^ a.nunonia, <4.<x, pass to t he, ctvn« 
deusiug eharnhers. Ih M, Williams tnuiied the pentoxidi^ with a<j. ammonia, the 
resulting polysulj^hide was decompoaml by heaL and tlu'i eseapjiig ammouia was 
(jollechai and us<ul over again. A nuuiber of solvents has hom rm*omiuended e.//., 
boiling acudylcne tetraeddoride mixed with xylene. 'Idie Ho<d/dA trdelniragi^ uned 
light tar oils ; J. J. M. B/migneuI, hot toluene or toluene mixeil with earl»on 
chloritk ; K. J. Hunt and W. F. Ghhien, and A. M. (Iluusc-e ami (t Hunt heated the 
material with Hulphiiric ackb ami cxtrai’ted the sulphur from the n^sidue by meunm 
of a Bolvimt. The dark colour of the product spoils ita sah^ so that it is nea riy* always 
used for making sulplmr dioxide, J, J. M, IWeigneuh a.ml the (diemiwdje Fabrik 
Phonk propoHcd inetlxods for eJiminating the tarry ludouring inaitms. 
sulphur was aho producod in the residue from the soda-ash process. 

It was proposed by J. If. Vivian®^ to obtain stdpluit from sulphur riioxido by 
paBBi'ng the gas through red-hot coke ; F. Reich cx{Knimcated on tlu!) proetw iti 
1868 ; and several proposed modifications— by K. Will, M, Ruthenlmrg, !i, P. Bnsntdf, 
W. F. Lainoamux and 0. W, Renwick, (k 8. Vadiier, and Ilia Arnerie.an Hnudting 
and Boiining Co. — ^“have been based on this reaction. 'h\ .IL i]ar[auiter pasMcd a 
mixture of sulphur dioxide and steam through red-hot coke and producjcd liydrogen 
sulphide; and' BOr 1I.^H f 3U0* 

The mixture containing hydrogen sulphide was then burnt with tlui rnKn^Hsary 
amount of air to produce sulphur : llaB+O— HgOd-B— N. h\ Yush- 
kevich and C. A. Karzhaviu studied the reactions : 28(X^d"4Ct) * ACKL'I 2H, and 
2C0«COgr-t-0 at 800® to 1400®. The equilibrium in the former in kiti slowly 
■ attained, particularly at low temp., and for industrial work a catalyst more active 
than ferrous sulpMde ia desirable. J. Papish said that sulphur dioxide alone at 
an elevated temp, is reduced to sulphur. The reduction by carbon mtmoxidc : 
S02+2C0apK2C0g+S, was examined by E. Hamsch and M. Behrodor, and 
M. Bexthelot. F. I*. Teed and co-workers passed the sulphur dioxide mixed with 
a reducing gas — ^like producer gaa, or water-gas— over a red-hot contact siibstaucus 
like naagnesia, calcium sulphate, or ferric oxide: S0t+200«<=2C0t+S, and 
S02-F2H2i==52E20d-S. H. Sanborn and co-workers pacsed the sulphur dioxide 
through tower haying a spray of calcium sulphide soln., The mixed calcium sub 
.pM'da and sulphate, and sulpxtir are heated when sulphur distils ofi ; and the ealcu mu 
, sulphate, when mixed with coke and heated regenerates calcium sulphide. The 
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Chemische Pabrik G-riesheim-Elektron reduced sulphur dioxide ox sulphites to 
sulphur by means of spongy zinc. L. Wohler and co-workers found that sul])h\ir 
dioxide reacts with calcium sulphide at temperatures below 1000', giving the sul- 
phate and sulphur ; as the sulphate forms a protective layer on the sulphide, how- 
ever, the reaction soon ceases. At temp, above 1000 °, the products of reactioTi are 
lime and sulphur, and the reaction proceeds nearly to completion. The low-temp, 
reaction can, however, be accelerated by the catalytic action of fcrrosoferric oxide. 
Zinc blende reacts with sulphur dioxide to give sulphur and zinc oxide, which latter 
forms a protective coating of a kind of basic siil})hide on the blende so as to stop the 
action. Both sulphides of iron react with sulphur dioxide to give ferrosoferric oxide 
and sulphur. The reaction is rapid and complete, being catalytically accelerated 
by the ferrosoferric oxide. 

The so-called thiogen-process of S. W. Young, examined by A. B. Wells, and 
A. Hutin, is employed for recovering sulphur from the sulphur dioxide of smelter 
fumes. It depends on the reduction of sulphur dioxide by ethylenic hydro- 
carbons : 3SOi2+02H4-=3S+2C02d-2H20, which is a slow and incomplete 

reaction unless stimulated by ferric oxide or calcium sulphide as a catalyst : 
2CaS+3S02=2CaS03+3S ; and 2CaS03+C2H4=2CaS+2C02+2H20. In another 
process, the fumes are treated with barium sulphide, which produces a mixture of 
sulphur and a barium o'xy- sulphur compound. The mixture is heated to distil 
of the free sulphur ; and then heated with carbon to regenerate the sulphide. 
N. F. Yushkevich and V. A. Karzhavin, C. G. Collins, A. H. Bustis, G. N. Kirsbom, 
and B. Will also described processes for recovering the sulphur from smelter-fumes. 
W. Feld proposed to recover ammonia and siil])hur from coal-gas by washing it 
with a soln. of ammonium tetrathionate — i ii the so-called process. The 

tetrathionate is thereby converted into thiosulphate: (NIf4)oS40Q~f-2NH3H“IL>0 
-:=(NH4)2S04+(NH4)2S203H-S, and 4NH3+2H20+3S02--2(NH4)2^04+S. The 
oxygen necessary for forming sulphate is derived partly from the sulphur dioxide, 
that is, from the air used in burning the sulphur. When hydrogen sulphide is 
present in the gas, it provides the necessary sulphur : (NH4)2S40fj+3Tl2fi 

The tetrathionate is recovered by the action of sulphtir 
dioxide and sulphur: 2(NH4)2S203+3S02+S— 2(^114)2840(5. The chemistry of 
the process was discussed by B. Terres and F. Overdick. F. Bayer and Co. obtained 
sulphur and sulphates from soln. containing sulx)hitea and thiosulphates by adding 
polytbionates and heating the mixture in open vessels ; C. Hansen used a similar 
process. F. Bayer and Oo.’^ also obtained it by heating a mixture of watex with a 
sulphite and hvdrosulphite in an autoclave at 150 ° for 4 hrs. : 2NaHSO<rf^aoSOn 
.---‘iNaaSO^-hH^O+R. 

Hydrogen sulphide has been frequently examined as a source of sulphur. In 
C. F. Claus’ process, the gas is mixed with the necessary amount of air, and pa.sHCMi 
over red-hot iron oxide as catalyst, 2H2S“|-02-“2H20-p2S. The mixture of stilphur 
vapour and steam passes out of the kiln into chambers where the sulphur is con- 
densed. E. E. Naef partially oxidized the hydrogen sulphide with activated carboti 
as catalyst. F. Projahn used bauxite, and titanic iron ore as catalyst ; and 
C. B: Tyers and J. Hedley, a salt or ore of titanium. S. B. Lindex oxidized the gas 
with manganese dioxide. G. H. Hellsing brought the hydrogen sulphide in contact 
with a cone. soln. of sulphurous acid ; W. Feld treated mixed hydrogen sulphide 
and sulphur dioxide with a compound of a inetal^ — zinc, manganese, or iron— pro- 
ducing an insoluble sulphide, which is decomposed by sulphur dioxide alone or in, 
the presence of air or an oxidizing agent, producing sulphur. He also brought about 
the reaction between hydrogen sulphide and sulphur dioxide: 2H2S"1“S02 
tr=2H20+3S, in the presence of a heavy coal-tar oil at 40 ° capable of dissolving the 
sulphur. Modifications of the process involving the reaction between sulphur 
dioxide and hydrogen sulphide were described by P. Fiitzsche, Jj. Bemelmans, 
F. Bayer and Co., S. Norrbin, and B. von Walther. The Badische Anilin- und 
Sodafabrik obtained sulphur from ammonium sulphide soln. Tlie Beutsche 

von. X. o 
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Felroieiuti kAl passed shoani or sioam mixrd with a rsnliHna^^ «»;as over aa alka-iina 
<an‘i!i siilpliido at- a.h<)Ui 1200”; and Oie N iirnlH'pj; ( knisortiiim fianifod the sulplihja 
with <']t!<>ruH‘. at- a- liif^h t-eiu]). iintd thv, Miilphuryl cldoridt' in the dialillaio sidll(t(‘s 
for <’lilorinat.i!ij:i: thr polysnlphidr, fornH-d, whielj in then deeomposetl in aq, soln,, 
fonnin^ t-ho <‘.ld<)ri<!<' ami Iimh' sjilpluir. d'ln* iAu’heninihinlrie A.U. d<*aeribed a 
eonhinueus qroiaass for recaivtM’iufj; sulphur fnuii anuiumiuin fx ily.sulphidta M Alakac 
pro[>os(Hl oht.nhuup; sulpluir Iron) tJu^ sulphi<les <d eofqMT, silver, riue, ejMlmiinsi^ 
eohaiti, a, ml and siinnli»n,m‘ously fonninj' tin* liy<!ri»\iiie.. ol thane metals, 

t)y the, act.inii of a-mmoiiia and air: < 'tn.S | | Nila | //1I..O 2th{(Ol|) | S | NII;| 

[ (w <‘uproii8 oxide dissolves in the mp amnemia, J. Jakobi 

(UscuhscmI th<^ eatdiodii* (‘Xtraietiotj of sulphur from atilphidc*;:. 

Sulpluir <'.nu be ohtui tied from sul|)lini<\s in s<‘veral wavs. U. A, Tllejiman ^ 
paieuiial a prrxH'ss in, 1847 for making' suljdiur dioKidi* by paiw.iny, steam over 
Iieaital f*;y|)suin ; eahmnu oxide, sulphur <lioxide, oxvji^eiu and a. btt.le fudfdmr 
triexide were forme, d. A simiia.r proecss was palmited by Ihdony in Anslria in 
|.S,S7. IL Pre<dif *j)ropoH<ul redmdny!: kieseriie. by h<‘atinp it with ebarroal : 
2 AlyS 04 bO 2M^,d) I SSOy 1 K !L Riesenfeld nhoweil that the naietion 

in pari procuresses: M^‘S(),j [(I | 80., | OO,. O'he residue ahvays tamtamed 

sulphur if less ituia one ai. p,r(>]>ori.ion of earbon was jwesent- to one <d nia‘«nesimm 
Ai7r><b 850", ilK»dn‘si rt'snlts were obia,iiied wit-h the' 1 : i proportion ; ami atOjfaV', 
with the. proportion 1*5: b Tlu*. sulphur whs oh taimal as aulph ur dioxide with the, 
exenpiiou of a- little fnx'. sulphur. If a propor<-i<m of «'arbon Is used, rediadimi 

is not eouyphd/O IxMuuise the tnolten sulphide Mum prof e<*is I he sulphate from aitm'k. 
The rediKition of gypsum or anhydrite, hy earhon starts b<do\v blMb and is rapid 
above 700”, TIu' main reaction is: MaSO,, | ’ (fiuS f <!(K. | 2PO ; ami similarly 

with Hlrontiiun and bariiun Hnl])lia.t(ns. ThisKuhjeet was iilsimd-tidit'tl hy h\ Weerem 
Tim eompoBition of th(‘ g;as pliase. is iletermined hy the (Kb : tO : P mpulibriunb 
but with Tnagiuxsium sulpliat-e i.hen^ is a. <li.HtnrhHue<‘ dm^ io idie net. ion of nulphut 
dioxide on earhon monoxi<lc. The equilibrium : (U8 | ILO | ihdHb| | H.*H 
cannot he ntiliml hecaime at 7()(b the formation of calcium sulphide is favoured. 
(JjpBiau is deliyclnd-eil ludow 80(f\ hut at» 80(f> MKHT, Urn gypHum is reduced by 
inethamq OaSCb | Pll 4 ^ <kK [(l(b |2i.Idl; almve IbKf’, some ealetiim oxide is 
produced: (k,8' t'b^O (kOd-lLK. Hxe.esH of steam favours tlm removal of 
Biilphnr at 12(Kb’^ IROCf. Owing to the dissoeiation of the fiydrogen Hidplnhlc, 
most of the sulphur was ol,>t.aine<l as sulphur diuxule or fr<\e sulpfiur, the latter 
predominating if only a slight excess of water is used. If Htcaiu acts on carbon 
and calcium Bulphate at 12(KVh the sulphur is convorteil into sulphur ilii^Kidc, and 
the reaction in six times as fast at 131)0“. The riulucing imtion of {'nrhou inonoxide 
and hydrogen on sulphur dioxide produetis free sulphur, ho that- only f>M per cent;, of 
the tlieoretical amount of Bulpbur dioxide is obijuned even when Hbd t-imcH the 
theoretical proportion of steam i.s used. 

J* ZawidBlcy and coworkers, and AV, Domimk stiulicd l.hc ilmrinal dci'ouv 
position of calcium sulphite with the idea of utilirJng the reaction for the final uciion 
of Eulplmr dioxide. At 60()'k there are the two reaetiouB : 4( -aSI ( !aH | »1( hiHC h ; 
and CaS+ 3 CaS 04 T'- dOaO-f There is a corKlitioa of eciuiUbrlum in which the 

pressure of the sulphur dioxides depends on the tetipicmiufe. At. higher temt)., 
there is a further reaction between Bulpliur dioxkh*' and oahduiu oxiih^ cu* siilphicio^ 
which leads to the separation of Biilphiir. Above llfKf, the only prodmdH of the 
interaotioxi between salplmr dioxide and oalciurn oxide art^ ralcniin sulphate, and 
■ sulphur. The decomposition of a mixture of one part of calcium Kulphkln to throe 
parts of sulphate takes i>laoe at terrip. which are much lower than %\mm requirtul 
for the decompoaition of pure calciam sulphate. The extraction of sulphur dioxide 
iqs) from the sulphateB of the alkaline earths was discussed hj 0, Fmdw, B. Ntm* 
manu, P. P. Budnikoff, B. V. T^tovitoh, J. H. Irycilander, ami II. Molitor. 
W, Althammer showed that magnesium sulpliate is quantitatively mtliiood when 
heated with an eq. amount of carbon at 750®, and a 40 per cent, yield of free sulphur 
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is obtained. Even with a iivefold excess of carbon, no mapiesiiiin sulphide*, is 
obtained, l)ut simply an increase in tlie yield of free snl])liur. The primary reaction 
is according to the equation, MgSOj+C -MgO production of 

sulphur follows the rcversilde secondary reactions : and 

C02+C!=^2C0. Illuminating gas, hydrogen, carbon clioxide, benzene vapour, 
acetylene, and producer gases ail reduce inagnesiuni sulphate at 650'^--70Chh Idie 
effect of producer gases depends ynmcipally on their hydrogen content. In the 
case of reduction with hydrogen, over 70 per cent, of the sulphur present is obtained 
in the free state. The Ohemisclie Faliriken vortn Weiler obtained suljdmr (lioxi<le 
by heating a mixture of calcium sulj)hate and sulphide: 3CaS()4-*hCaS 
-"=4Ca0+4S02. The reduction of sulphates by coke, or reducing gases was the 
subject of patents by the Verein Chemischcr Fabriken Mannlieiin, C. Palascliowsky, 
A. Bamback, J. and F. Weeren, A. M. Chance, C. F. (Ilaus and co-workers, K. Jacob- 
sen, A. Vogt, and the Badische Aniliu- iind Sodafabrik. It is said that, the prepara- 
tion of sulphur from calcium sulphate was one of the chemical operations rendered 
necessary by the isolation of Germany during the 1914-1918 war. The su][>hur 
dioxide obtained from the sulphates is converted into sulphur, as i)roviouHly 
indicated. 

Crude suljduir may be partially purified by ineHiug it in cast-iron vessels, 
skimming off the coarser jiarticles with a ])erforated ladle, and after standing some 
time to allow the fine particles to settle, pouring oh tlie molten sulphur into largo 
wooden moulds to furnish the so-called rack-siilp/nir, or in cylindrical wooden 
moulds — roU-sulpfnir. Koll-sulphur is usually obtained 1>y distilling the cuude 
sulphur, and ladclling the liquid condensate into sniiablci wooden moulds. 
C. A. Scldiiter ^ described an arrangement for distilling sulphur ])laced in a seric^s 
of retorts arranged in rows in a kind of reverberatory furnace. Tlie head of the 
retort has a beak passing into a receiver outside the furnace. M. Michel heated 
the sulj)hur in a large cast-iron boiler and passed the vapour into large brick- work 
chamber, where it condemsed as a light, floccixlent powder called Jlowers of Huhphar, 
or Jiores sulj)huris. Afterwards, as the chamber becomes heated, the sulphur may 
collect at the bottom in a fused state, and be drawn oft by a lateral opening. Usttally, 
lioweyer, care is taken to prevent the chamber becoming hot enough to melt the 
sulphur. The sublimed sulphur collects on the walls and floor, and only a. little 
fused sulphur is found where the neck of the retort enters the chamber. The 
product is then shaken through sieves of about 40's rnesli, a,nd transferred as 
flowers of sulphur to bags or casks. The coarser particles, and the semi-fused 
material, are used for other x>urposes. H. G. Greenish has described the manu- 
facture of flowers of sulphur. L. N. Vainxiielin said that su!f)hur purified by any < J 
these methods may still retain arsenic suljJiidc, and bituminous matters, and it 
requires a number of fractional distillations to low(U tbc ])roportion of these 
impurities. G. Osann said that half a dozen distillations give a product whicdi 
sublimes without leaving a carbonaceous residue. G. H. Albright and J. J, IToo<l 
said that sulphur can be freed from organic matter by keepitig it for a long 1 ime ai. 
a temp, in proximity to its b.p. The purification of sulplmr was the subject of 
patents by F. Boude, A. Walter, E. Rasse-Courbet, E. F. J. Bert, A, A, Oonsoli, 
A. Dementieff, A, R. 3cott and A. Meyer, the Societe Anonymcj Metallurgique, 
0. Marx, E. Legeler, etc. J. W, Schwab xwified suix>hur of a b^ul (‘olour by imdting 
it with finely-divided, active carbon. 

The refined sulphur of commerce is of a high degree of purity. Ch Mene foun<l 
that the crude sulphur contained 88*7-96'2 cent, of sulphur soluble in <:arbon 
disulphide and 1 *5-2*1 per cent, insoluble in that meustruum ; 9*5 M per cent, 
of bituminous matters; 1-5-5-5 per cent, of sand, or sili(‘a ; and. I *8-44 per 
cent, of alkaline earth sulphate. Flowers of su1))hur may be contaminated with 
adsorbed sulxfiiur dioxide which cannot all be r(‘move<l by washing. 0. l{<Kssl(*,r 
found that while roll-sulphur is almost free from acids, flowers of sulphur may 
contain 3*142 c.c. of sulj)hur dioxide x^^^ 100 grins., and soim* sulphuric acicl. 



IN()R.(iANI(l AN!) THMUHKTIRAL (HHMISTItV 


ii?() 

N. L(MHi,luinl oliHorved an a^cudity <m|. io (H)"2 |H‘r lanit . A. Ilnrpt^ 

W. Wiiutiw^h, and N, Leonhard diKcuswMi Lie formation <»f ilua arid hy nntphiiT 
wlum rx|HK4rd air. ¥\ A. Fliioki^rr anid tJuvi- amnr t hiornilphnrir arid in aiwayw’ 
prcsiMiL Lluwcn'H of snlplnir (anitainw up to X\ per rmit-. of anlpliur inafduhlr in 
carbon diHulphidr ; and wlnni lira t mats II, St. i\ l)(^vilt<’ naid that- that- odt aulphur 
contains n rrrfaa'n prnporlion of a-niorplimrs .sulphur and of .sulpluir inaoluhlc in 
carlnm disidphidr ; hut. tliis va^ry jnnniually rc,v<u‘is to ordinary aulphnr on keeping. 
This subjiH't was disiaissi'd by A. Dornergmx and M. llrrtod. A. Layim showed 
that roll-sulphur, lusd.ed liy its(df, jukI llo\v<n\M of sulphun heated in roninet. with 
wnatnr, gave oil’ hydrogen sulphide ; hut moist sulphur wan found !»y A, Flrisehl io 
give otTi.hegas wdim heiitod. J . B. A. I )umas al.soshow<Ml that' wluni sulphur enters 
iiiio <u>inhinaiioi'i with the inetuls it may give otT up to dd ptu‘ <’ent. (d hydrogen; 
hut. if ihnsulpliur lias hern prtndously fused, only a i.rae<» of hydrogen is iH'olviul. 

I li‘iu‘e sulphur may <‘ont.ain liydrogen snlphi(h% or, as Ij. Brnnu'r fmpposo<l, hydrogen 
fHM'sul(iln(i<\ tin* hy<lroo<ui nia.y (uune from <irganie matters, or water; or it may 
Im' ooelucled liydrogen. 

Sulphur iu;id<‘. from the, spent oxide of ga.H works is aonnd.inies ipiite hhiudieued 
with ilu'*, so'Called, hltuminous matters pnsseiit. A. BenUimer found t)d)d ^2*44 
per cent, of bitumen in ordinary crml(‘. Sieilmn sulphur, and U H p(U' ciuit, in dark- 
(udoiired brinmt<me. li. V. tlasslinger olmerve<l that, all ttie eonunereia! sulphur 
he examined deponii.ed on liollinga precipliute, eontiainingirou an<l <’arhon. Arsenie 
oecurH in sulphur mainly as arsenk‘, irisulphuie; ttus may I'c parthUly <»xidi7.ed as 
amniie trio.xide and, in (xKiicpUonal eaatvs, as enleium m’ fmu'it^- arsmiite. Idiis auhjeet; 
luw been (liseussed liy IL F. ih Ste<4, «l. Brand, IL SiduLppi, and IL S* anil 

M, 1>. Davis. No a,rsenie wm observed in sulphur from d'oxaM. Hul[dmr, parti- 
<nilarly Unit fcotn Japmi, inay contain Holenimm W* Bniith fouml in JapancBO 
sul[)lnir, per cent. As, and (h04b OdfvJ p<‘r eciiL Be. Ih Klason found 

l-'i gnus, of selenium per ton, of JapaucHe sulphur, ami gnu. p<*r ton in Bieilian 
sulphur. <L V. Brown also found selenium in sulphur fr-om Bhuly^ Inpari, Now 
Zeahind, and Hawaii. Bulplmr soinetanum c.ont.aius tramps of hdlnriunu Hulphut 
at most rxuitains 2 pet exmt, of ash, and h\ Janda obHinwerl up to (h2HB per oenln 
of asli in 30 munples of commercial sulpliur. R. I>uri<u' observed Lint in some cases 
tlio earthy matters {)res<uit in ground snlphur are adtdt;era,nis, 

K. Threlfall and omworkers obtained sulphur of a high ilegree of purity by 
filtering molten sulphur through glass-wool, and then distilling it in vinnim Tlio 
product has no sinelh and it can l)o evaixnated or dissolved in earhoii dmtilphiilo 
without residue, 

Tlio so-called sublimed Hulphut ih <}btain<xl from the colloet ing climuh«n% A. tUunergiro 
suggested tlmt the term flowors of sulphtir sliouhl not he applied untem the newly omvda 
product contains not less than IV2 per cent, of sulphur mHoIuhm in earhon dwulpindoj if ft 
contains less than this, it ahould bo called BublinuHl sulphur, tk I haotm graded wublhned 
snlphiir into grkil, iponges, grapillom^ and eandi, according to its cjf (lnen««* Th& 

l^rteilis thefinost grade, and in a puro aublinmte eoUocted at a diHimme frorii the vapour 
inlet tube, whilst the candi in the coarsest grade* and is (tollecied near the viiponr inlet 
tube. Much crude, or imported Bieilian or LouisiHua sulphuf is rethuxui to a hue powder 
by grinding— ground sulphur. It is graded by sifting. T!ie Bnest grade obtained by 
pueuixiatic sifting or fanning is called zo^fo mntila4a. To avoid sparking iwid explosion 
during the grinding and sifting, A. Walter circulated na Inert giifi thK>ugh Um plant while 
in operation. H . Kdhler recommended reducing tlie Bulpluxr to a tine powdar by dissolving 
it^in its own weight of fused naphthalene, and removing the wdvent l»y hunt or exiractifin 
with a solvent. The ao-oallod plmtHo sulphur of Xmlmrt, for use in agrwuiltur<^ and viid- 
eultnre, is not the viscous or plastic sulphur indicated in the next Hcction, hut in m mixture 
of snlphur with 0-05 per cent, of oxgall* The so-called predpiMmi sulphur of Ik Ewlisch 
la not the precipitated^ sulphur or milk of stilphur inaioated below In cmuwxdlon with 
colloidal sulphur, but is a brown or black powder eontaming only 3S per rout, of real 
sulphur, and 50 per coot, of ferruginous ashes* 
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§ 4. The AUotropic Forms of Sulphur 

Several allotropic forms of sulphur have l)een reported, aud these are 
characterized by differences in the crystalline form, np. gr., solubility, etc. There 
is also the so-called amorphous sulphur, which, wlien really non-cryHtallinc, may be 
regarded as colloidal sulphur. There are also two varieties of lic][uid sulphur . 
The general subject was discussed by M. Copisarow.^ The varieties now called 
a-sulphur and /3-sulphur were discovered by B. Mitscherlich in 1825 — the former is 
the ordiuary variety and furnishes octahedral crystals belonging to the rhombic 
system, and the latter prismatic crystals belonging to the monoclinic system. 
Natural sulphur, and sulphur crystallized from carbon disulphide, chloroform, 
bromoform — or, according to P. G-aubert, acetylene tetrabromide—or other solvents 
at not too high a temp., furnishes rhombic, octahedral, or a-sulphur, or Muthmann’s 
sulphur 1. C. Brame, P. Schiitzenberger, L. Bombicci, O. Silvestri, and G. vom 
Bath obtained rhombic crystals from the molten magma ; B. Brauns said that it is 
easiest to obtain the rhombic form from molten sulphur by seeding the undercooled 
liquid with a rhombic crystal ; and J. H. L, Vogt said that the free sulphur in slags 
always occurs in association with the cubic monosulphides. A. Daubree observed 
this form of sulphur in some cracks in the masonry of the burner of a sulphuric acid 
works at Strassburg, in which sulphur was melted at a temp, of about 80® ; A. Arzruni 
found some in a mine at Zielenzig,»Brandenburg ; G. Leonhard, and P. Groth, from a 
gob-ffre in the coal-shales of Duttweiler, Saarbriicken ; and F. Ulrich, and A. Brezina, 
from a furnace at Oker, Harz. The crystals in both cases are supposed to have been 
produced by sublimation. H. Erdmann observed some rhombic crystals were 
formed in a vessel in which alcohol and a dye containing sulphur has been kept for 
twenty years. According to L. Ilsovay de Nagy llosva, if the sulphur crystallizes 
at a temp, over 120®, it appears in the prismatic, monoclinic form, and below 120®, 
in the rhombic, octahedral form. M. Spica treated calcium ]>olysulphide with 
hydrochloric acid and dissolved the white precipitate in ether and obtained crystals 
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which h. said ar<‘ rca.lly rliouildu* alihouf.h t ii«‘v ha\e Uu^ |aismal,ia 

hirni. P. I lauicfcuillc (jhia.iiu‘<l rluiinhic, crystals <if sulphur hr rcprafi’(!l\ licaUuf^ 
aud cuulitig a luixt.urc of sulplmr aiul cone.. jiv<lrindi<‘ arid hi a. sralial tuho, 

F. ,B. Ahrens ohsinwisl i.luii th<‘, slow oxidation of hyilrop.ru sulpludr dissolved in 
pyridiiHMu* piroliiu*- furnished rhmnhit^ rryst.als olhsulpliur, \\ . Kprin,‘» ohnorvi'i! that 
inonoelinir. sidplmr passi's into tlu^ rhonihir. form un<l<‘r a prrs.i. of ofHHi at an ; and 
J, W. dudd, and R. FhnhfaJl obtained a similar nsmlt. from amorpinuis sulphur at 
a. pres>s. of GOCH) at.un JA Kdhl(‘r studied the, rhythtuie myst allr/ad ion of sulphur. 

d. F>. 1^. Rome d(* risle,^ in ITHH, fpund that, tin* erv.'dals, obtained by (‘ooling 
molten sulplmr, occur ra. aififniUvs Jinrs^ i//V<7v/r/de.s\ ii /7/u////^ou/uAw. Acanu'diiig to 
'¥l M ii«<duu‘iich, prismatic, moBodiiiic, or /3-sulplwr or MtithmamPs siilplMt E « 
is formed if, say, bttO grjms. of sulpliur be nudiial in a. clay or porctFun rrnrilde and. 
the mass allowml to st-and until n surfaei^ crust is fornuab Long, prismatic, needle,** 
like crystals of vvjix-yellow sulphur will bt^ found to have grown on the nails of the 
enmibie, and on the underHide of the. «‘mst when t-he cnaist. is piercisL and the bRII 
fluid sulphur is poured away, j lot sat. solu. <)f sulphur in alcohol, ether, and lanizeue 
wm’c {omul h y (t tL StAbDeAulle higjvt*. (his form of sulfdnir : Add Rlnxam obtained 
it from Holn. in alcohol ; K, Itoyer, and W, Mut-lnnann, fr<an solm in hot» turpentine ; 
amlP. (laubert, in aei'tylene t.etrabronddm ddn* variety obtained liy \V. Muthmanu 
by exposing in aaraai afeoholiimoln. of amuumium sulpldtle was at- tind. Ihoufdddo he 
/3-Hulplnir, t)ut biter, was found to be, another va.ri<‘ty B snlfdmr. M. L. Krankeii- 
lieiin said that tins form, of sulphur is produced by sublimation m' pnanpitation at a 
temp, near the m.p. of sulphur > L. llsovay <I<* Nagy Rosva said above 12(P. 
0. Silvestri, A. Ogiialoro-Todaro, an<l P. (Iroth stateil t.hat (his form <»f sulphur may 
occur as stahndites iu the craters of volcanoes ; ami that it is very tpiiiddy trans- 
formed into the rhomiric variety, W. liaidinger applied Mh‘ term sulltitita to the 
mouoeJiuic form of sulphur regarded as a imncral. According to W, Muihmann, 
Bonio of t,h(‘ prismatic* sulphur described by previous invi‘Htigat<u*s is narlly a different 
variety of prismatic sulphur. KolLsulpImr when freshly casi^ wan found by 
0. J. ifritoehc to be /i-sidphur; and this soon changes to a-sulphur. Umler the 
microscaipi*., ilowers of sulphur lias the ajipcarance of smooth, opnqm^ splierulcH with 
a uou-crystallim^ fracdure. The minute drops, eondenH(‘<l from sulphur vapour ou 
a glass plate,, may remain liquid for <iays if left at rest, and they finally solhlify^to 
form smooth glolmlcs ; if the drops are agitatedj, or exptmetl to liglit, they solidify 
ia a few hours liy vHpreading themselves on the glass plate in ilm fi>rm of opaque 
hemispheres with e.iystaUiiie points of rhmnl>i(>octahedra. Jf the glass plate be 
wetted with oil, the (jrystals are larger and are more qia<d<ly forumd. L, Friscliaucr 
found that drops with a diameter below <lo not crystal 1 we spotit^aueousiy, 
while those ov(*f IHO^ crystalliiso iu a few minutes, /^«rays hasten tlm crystidli* 
nation of uuder-cookd sulphur. E. Brauns found that the inetastablo inotioclinie. 
sulphur can be kept unchanged for years between a miuroscmpic slide iwid cm var-glass, 
L, PuBteur said that monoclinic crystals can be obialma/l id ordinary ticmp. from 
solu, of Bulphtir in carbon diBulphido ; B. Barilari obtained the c^.ryHials of tln^ same 
form by^ the spontaneouB evaporation of a Boln, of sulphur in a mixtime of alcadml and 
ammonium sulphide ; while D. found that a supersatwrateti aolti. of sulphur 

furnishes either rhombic or monoclinic sulphur, or both forms aimultauccmsly, if 
the solu. be seeded with a fragment of the desired form, E. Eoyer said that if a 
hot sat. Boln, of sulphur in turpentine be rapidly cooled, monoclinic sulphur is formed, 
and if slowly cooled, rhombic sulphur is produced. In repeating this experiment, 
W. Muthmann found that only the j3-form was produced, if more sulphur was present 
than the turpentine {at 160®) could dissolve. C. J. St. C, Beville found that alco- 
holic solu. give both forms of sulphur ; while benisene soln, furnish first the 
and then the a-forms* H. J. Bebray observed that when a mixture of sulphur and 
carbon ^sulphide, (2 : 1) k heated in a glass tube to 80®, and rapidly cooled, there 
,„are ;produced prisms of the /3*form which quickly pass to thea-forim 

' Meurding to E. Mitscherlieh, a-sulphur- pisses into the in the proximity 
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of its m p. ; J3. C. Brodie said between 100*^ and 114*5^. L. T. Reichcr gave 95-6"^ 
for the transition tenij). ; I). Gernez, 97-6° ; G. Tammannj 94*6°. R. F. Marchand 
and T. Scheerer found that the crystals of /5-salphur, when kept a few days at ordinary 
temp, show isolated bright yellow, opaque spots which gradually spread themselves 
out so that the mass becomes bright yellow, opaque, and specifically heavier 
owing to the formation of a-sulphur — the crystals are pseudomorphs after jS-sulplmr. 
The change is accompanied by the formation of internal fissures. If a-sulphur be 
kept some days at it beconaes specifically lighter, but the former sp. gr. 

is restored when it is kept at ordinary temp, a few days. The change is a case of 
enantiotro'pic allotropy — ivavrCog, opposite ; Tporros, habit — for, as L. T. Reicher 
showed, it is reversible ; above or below the transition temp, only one of the two 
forms is stable and the other unstable. According to D. Gernez, a-sulphur does not 
pass into the /3-form if heated below its m.p., and yet above the transition temp., the 
transition occurs only when a trace of j3-sulphur is present. When the transformation 
is suspended beyond its transition point, the sulphur is in a state of what D. Gernez, 
and E. Mallard called la suffusion cristalUne. The passage from a- to /S-sulphur 
can be detected at about 97*5°, but it varies with the source from which the sulphirr 
is obtained, and P. Duhem showed that it depends on the proportion of soluble 
and insoluble sulphur present — ^it rises with an increasing proportion of insoluble 
sulphur — and it also depends on other physical conditions. 0. J. St. C. Deville 
observed that at a low temp., unstable 
monoclinic sulphur is but slowly trans- 
formed into stable rhombic sulphur. This 
subject was discussed by E. Cohen. 

1). Gernez measured the effect of temp, on 
the rate of transformation of a- to /3-sulphur 
between 97*5° and the m.p., and of /3- to 
a-sulp]mr from 95*1° to —23°. The results 
in the latter case are shown graphically in 
Fig. 5. R. Brauns, L. T. Reicher, and 
P. JDuhem also showed that the effect is 
dependent on the temp. J. M. Ruys ob- 
served that the transformation of a given 
mass occupied twelve days between — 36° 
and — 15°, and ten days between — 31° 
and — 5°. The subject was investigated by S. L. Bigelow and E. A. Rykenboer. 
W, Frlinkel and W. Goez assumed that the transformation originates at a number of 
points and spreads outwards, with a constant linear velocity at a constant temp., 
the amount of transformation of monoclinic to rhombic sulphur at temp, a little 
above the ordinary temp., and for rhombic to monoclinic sulphur at 100°, in unit 
time, increases with the square of the time until the boundaries of the changed 
areas meet, the transformation velocity is then constant, and finally diminishes. 
The curve for the total amount of transformation thhs rises at first with the third 
power of the time, it then gradually flattens, and then falls. For supercooled 
monoclinic sulphur, the maximum rate of transformation to rhombic sulphur 
occurs at — 20°. 0. Montemartini and L. Losana measured the rate of con- 
version from one form to another by means of an automatic recording ajiparatus ; 
W. Florke described demonstration experiments on the subject. 

P. Duhem slid that /3-sulphur which has been kept for some time below ilie 
transition temp, furnishes a-sulphur which has a rate of transformation to /3-sulpliur 
different from that which is obtained with ordinary sulphur. R. Threlfall and 
co-workers also said that a-sulphur obtained from /S-sulphur is different from 
that which is obtained in the ordinary way. As indicated above, this is connected 
with the different proportions of the soluble and insoluble sulphur present in the 
mixture. The transformation of yS- to a-sulphur is accelerated by the presence of 
a-sulphur, by contact with carbon disulphide and other solvents, and, according to 



Fig. 5. — ^The Effect of Temperature on 
the Kate of Transformation of /3-. to 
a “Sulphur. 
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l^j. Wiis(\horli(^.li, ‘Miy the slighi-est hfowin?', on I lie t‘rvHla,ls." 

(h P>raine alno autici'.d iihat. the t.riViiHfornmIioii it*< ju-eelerat-cal hy the eheiuieally 
iU'.tave rays of T!u\ of press, vva-s louu<l hv l< Uciclier lo In* .an'li that 

transitiet> puiiii isi riusi'd (tOh" juM' at m, ; au<l I'anuuaou hmnd ihal ati !ii‘,!;h(‘r 
p kjj[;nns. per stp 

p . , , I 12:$ :?!M t:;s s/;t nos laao 

TmiiHitioii toiup. !H-<V 100*11" iio-u" i:>o*oi'‘ rao-or uo-r* iau*r 

At IfWt) k^riris. per s(|. <on., anal iriO*!'', i-lien* is a triple point iti wlueli 0 ami 
j 8 “Hiilphiir arc‘. iti (spiiiibriuin wit.h molten snipluir f Y, Fijp <h It. W, Ik Uoa*/,e- 
boom ca.lo.ulaiod dot) ntaii. pross., and Idr' for tJu‘ tahph^ ])omi<. th»r\ e Rjp;. «P Is 
obtained liy plot/t.ing the va.p. press.of rhotnbie sulptinr ataliiTorent Poop. ; ,.innlarly, 
ihccnrve ohtaiiual by j)lot.iin ;4 tlie \ ap. pn»aa, enrvo of montndnue aulphnr, 

this variety of sulphur oioltH at 120 '* ; O.AJ is (ddaiinHl hy tamlinninf^, tiie \ ap. pn‘ss. 
curve of the liipiid ; tluM'urv(‘ by plott.in^i; tlu‘ irarisitinn pom Is. of idioinhie, ^ 
sulphur at dilTerent fuavss. ; and the curve f by [dot tiny the nipj. of inonoelinio ’ 
sulphur }it ditTeumt press. The curves n,r<‘ exa,}4,y:er;i,ie(l in the diayj’ann Mono- 
cHiiic sulphur oauinot exist* in aslahh^ slate ai [>ri‘s.s. hiyhor i.lum tlnit- repre:uMd4nl hy 
tho point 0 .,. Tlie (mtiiinuat.ion of tin* eurvn* (l^N ropriaiimts the (dfeoi. (d' press, 
on tlio in [). of rhombic sulphur. In 0 , tinu’e is tht* miditioruil roinpheaiiou 

Q e, or res pom liny; wllJi tJio tavo forinr* of tmlplmr now 
urnler eonsi(h‘ratioii. dMie pfiase ruh* miables a, vtuy 
(hu’ir id<‘a of tiu". <’on<lili{ms of equilibrium io he 
fornush dhu*re a,n', her<^ onl y one munponeut sulphur, 
and four [xissibh^ phasisH sulphur vapour ami 
liijuid, ami rhombic, am! numoelini(» suiphur, When 
thern’oiiditiou of the. systmu is represmit.ml hy a presH. 
aud tmnj). correspmuiing with one of tin* t hree trijile 
points * On system is univariant, 

aud any <diange in tmnp« or pr<\HH. will lead to the 
Huppn^Hsion, of one of tJu^ thret^ |»hases ; points on 
out*, of the (uirves eit\ n^preseait 

a univariant systanu; amd points in one of tlie three 
regionw— /%h ri'pinaumt a hivariaui 

lu(i. o.^-Vamnum^iVHHuro of Hyatenu dan all four plntseH exist under any eon* 

puu( ingiamiaa ai.), ditions of tmnp, a-ml press, in a* siuti^ of iupnli*" 

briuni ? According to the phase rule, the variance of snidi a. system will he 
l-'-4-b2" 3 - * I . This is an impossible value. Such a sysUnu would not he in a state 
of true etjfuilibriiim. The Tnctastable states are. interesting* Idle <uirves luu! the 
POi meet at a point corieHpoa<lmg with, IH-fd. This is the imp. of rhombic 
sulphur* If the transformation of rhombic to luonoelinie. were very fast, it would 
be impossible to state the m.p. of xbombic sulfdiur, beeaime it would pans Into the 
mouoclinic form before a dotermination could bo made. Tim iifiward leftrto*flght 
slopes of the curves and Ojfia correspond with the fact that the m.p. of Hulpliur 
is raised by increasing press. The converse is true in fclm cases <jf ienq mul in couhc- 
qnence, the corresponding curve with ice slopes the. opponiU^ way. 

D* Qernez ® recognized another variety of sulphur which he (*alle<l mujh^ mieffi 
It was, however, pmbably obtained before 1). (ietimz’s time* I). Ucriiez obtained 
y-sulphur minced with some a- and ^-sulphur from crystallij^ung uudtea Hulphur -• 
melted at 150*^ and cooled to 90^— whoa crystallization in initiated, by rubbing frho 
watts of the glass containing vessel with a glass rod or a jdati.num wim. It. UrautiH 
obtained nacreous snlphtir by cooling a drop of molten aulpluu* at a temp, exc^eed- 
mg 120'^ on a glass micropcopic slide ; and P. Onuhert idso obtained it from 
drop,s of mder-oopled hqnid sulphur at ordinary temp, W. Balonion suppimed 
that ‘the crystals obtained by 0. Biitschli from drops of uiidar-coolocl sulphur 
^iibliHied on to a glass-dip, were y-sulphnr. W, Mntbmann thought that the labile 
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.sulj)liur obtained by 0. Lehmann £ 1:0111 molten sulphur mi^ht })e y- or S-sulphur, 
P. Uroth supposed it to be y-sulphur. It is formed when sulphur is produced by 
c.ert-ain chemical reaction ; for instance, by the slow diffusion of a,q. soln. of sodium 
thiosulphate and potassium hydrosuljihate. The yellowish-white crystals have a 
mother-of-pearl lustre, and they are monoclinic with axial ratios different from 
those of ^-sulphur — vide infra. This variety of sulphur is called naereoiis stilphtir» 
y-sulphurj or Miithmanii’s sulphur HI. It may be noted that the term y-sulphur 
was also applied to a colloidal or amorphous sulphur insoluble in water and in 
carbon disulphide, but the time is ready for another enumeration. Similar crystals 
were made by E. Mitscherlich by saturating an alcoholic soln. of sodium sulphide 
with sulphur ; filtering of! the clear reddish-coloured supernatant liquid, and, after 
adding a little more alcohol, letting the soln. stand for some time. Needle-like crystals 
of nacreous sulphur grow from the surface of the soln. M. Spica obtained this form 
by treating calcium poly sulphide with hydrochloric acid ; and the amorphous 
sulphur, soluble in carbon disulphide, obtained by M. Berthelot by treating alkali 
thiosulphates with hydrochloric acid, was probably this variety. Similarly also 
S. Cloez obtained this form by the slow decomposition of sulphur monochloride or 
monobromide in moist air. The product quickly passes into a-sulphur by contact 
with the liquid monochloride, and W, Muthmann found it better to leave a beaker 
of sulphur monocliloride and one of methyl alcohol standing under a clock glass in 
a warm place. H. W. Kohlschiitter discussed the transformation to rhombic 
sulphur. P. Sabatier, L. Maquenne, and J. H. Walton and L. B. Ihirsons obtained 
similar crystals by treating hydrogen disulphide with alcohol, ether, or ethyl acetate, 
and also by adding ether to a soln, of sulphur in carbon disuljffiide. Nacreous 
sulphur was also prepared by D. Gernez in the following manner : Heat sulphur in 
a sealed tube with benzene, or toluene, carbon disulphide, alcohol, etc., so that 
there is no undissolved sulphur in the tube when the tube is hot. Then immerse 
one end of the tube in a freezing mixture formed, say, by dissolving ammonium 
nitrate in cold water, Long, nacreous flakes separate at the cold end of the tube 
and gradually extend into the remaining soln. 

A number of reports is not so clear. A- Payen obtained from a hot sat. soln. of sulphur 
in alcohol, benzene, turpentine, or olive oil, prismatic crystals of what was probably jS- 
Bulphur, and tabular crystals of y-sulphur ; 0 . J. &Jt. C. Devillo obtained similar crystals 
by cooling between 75“ and 80“ a soln. of sulphur in chloroform, alcohol, ether, or bonzeno— 
some a-sulphur appears at 23“ or 24“, and below 22°, according to W. Muthmann, all is 
a-sulphur. Only cry.stals of y-sulx)hur aro formed by heating a soln. of sulphur in benzene 
in a sealed tube at 140°. By rapidly cooling a hot, sat. carbon disulphide soln. of sulphur 
in a sealed tube, JH. .1. Debray obtained only a-siilx^hur ; and D. Uernez, using carboxi 
disulphide, benzene, or toluene as solvents, obtained y-sulphur. B. Itoyer obtained 
a-sulphur by slowly cooling a hot sat. soln. of sulphur in terpentine ; and ^-sulphur, by 
slowly eooling the soln. If Ijoiling turpentine be treated with more sulj;)hur than it can 
dissolve, and a droj) of the soln., sat. at 150°, bo placed on the object glass of a mhiroscopo 
and rapidly cooled, W. Muthmann said that only y-sulphur is formed. H. Deschamps, 
C. L. Bloxam, C. M. Wetherill, and S. Barilari also reported forms of sulphur-— probably 
y-sulphur-— obtained from liot alcoholic soln. 

A fourth modification of sulphur, also monoclimo, is sometimes called tabular 
sulphur, and also Iffuthmaim’s sulphur IV, or S-sulphur— the old S-siilplmr is a 
colloidal form soluble in both carbon disulphide, and water. It is obtained in thin 
tabular crystals, mixed with some y-sulphur, from a soln. of sulphur in an alcoholic 
soln. of ammonium sulphide cooled to 5®. This form passes so readily into the 
a-forrp that the crystals have not been accurately measured. 

A fifth variety of sulphur, also called rhombohedral or trigonal sulphur, or 
e-sulphur, was obtained by R. Engel by pouring, with continual stirring, one vol. 
of a soln. of sodium thiosulphate, sat. at ordinary temp., into 2 vols. of a. soln. of 
hydrochloric acid, sat. at 25%30®, and cooling the mixture t(» about lO'h Sodium 
chloride is precipitated, and the thiosiilphuric acid is so far stable tliat the liquid 
can be filtered. The filtrate is at first colourless, hut soon becomes yellow, tlie 
intensity of the colour gradually increasing, as if a soluble sulphur establishes 
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ill tJu*. ioti <»l tlH‘ I luorailplmrir * ailphiir dinxidr is 

evcAvecl all t>lu‘ vsanu". WIh‘U tln‘ ha.s at‘<{ a «!«'«•[» u'llow r4>luur, hut 

willies it ia atiill iriuisparoni, it ij; with i(n <a\ti \n! ul fliiumtunn, 

vvhit*,h i)ecoi!i<\M ydlow, whiLsi. thi* <'<)!ntir of Hir u,<(. N(»fu. Imhmmih*'; Its*; inlon;,** Ifllu' 
<Ail<(r<)foriu isailovv<Mi lo (‘Viiporato, oran}.ry rryj;(al’5 ol - ulplnir aro alilnitiod, 

<|tiita. ililToreiit; from ootaliodra i tuilpluir. i\ oaiH fiiaf tio' oratipo vt'llow 

oryytals a-ro irif»oriuI, and, with fonvor^»;in'»: poliiri/aal lif’hl* llioy idiow Iho (’nKMaami 
j’iugB of hirt'lritij^onh, uniaxial nuhstaiua's. dVdlurinni aiui ^(‘Irtuuni nloo oryatatlis'a* 
in tlui tri|j;onal ftuau. It. Hnyo'l aihlod t-haf (Ito nryatala am druoar (han outnluHlral 
Hulphur (s[). gr. an<l al. lirat a,ra frans|nuam(.. Iml in ihroa (M' Inur liourH 

thay in(‘roart^^ iii vohuiHX and pnaa ^rjulually into l-ho ata-t.** of aninrpluunu iuaohilila 
aniphur. Tiny molt and pasa info Hk" roinlition of I ho pa!-:{ v sulphur 

from the tliioMulphada'a aaid htaauno-, partially aoiiihlo in oarlaui tlioulphido. 

C, wpt>rt(‘4 1 auol.hor foron (.rit'lmic aui phur <n' i Aulphiir who-h rttlhnUod hm a 

anbliriiato ia i*ho iippnr {>o,rl. of aHidnlmr vnpour Imfh. ’Tht^ oi\\ al a! ^ \v«o'o tutol fo ha vnry 
nusia.blo ami to pa, as rjpudly inlt> a aiilploir, 'I'lus'io ohaorvoHinu* hnAo not Ijono vorilioth 

Accordinjo; to (I, Liuokand H. K(U*inth, if a Holm of anlphur in rarhou disulpidda 
|)0 thi(dc€n(Hl wildi ruhhor or fJnnada. ludHanu and allowed forv ap<u*afo, tJn^ aulphur 
lirnt appoa.m m acloiul of |i;l<)bulii<ns alaMii I//, in <ruiniotor. Htuui^ of tinsso, inonutHO 
ill Hizo at tluMixpcnjHC of tludr noipjhhoum. Whon a. rryaial in fonuod it pp’owii in 
tlic Biinio way, tho dropH in ilia vicinity tnovdni*: t<»wanb it (adrp?: carried hy tlu^ 
stream of tho morn none. hoIu, U) the (‘ryntal An unH(4vhl<\ pule yndhav, tof mymal 
form,, ox d-sulphiir* appoarB in tlicaolu/ E. Korintk altUMdnicrvcd tiic ,uimc variety 
to ho formed from a cJiloroform moIu. of Hulphur thickened with rnhhcr, and mixed 
■with a few liropH of honzoniirilc. Thin unaUhlo form rapidly piutHca into what 
appeaxB to be W. Mxithinann’H Another variety of f4ulphm% SUlphW# 

was obtained from tlnn Holri. It XoxniH tioIourioHs, rlnonhic platen which have a 
weak double ref ractioTU There in also forniod a vuritdy, 'ysulpliur, which {uruiaheH 
colourloBH, doubly reinn ‘.ting, he,xa.g<mal platen, ,Both the tp and humm artmiiom 
Btablo than fi-anlpiiur. Excluding the trigonal « sulphur, ami i!n» triclinic 
^-Bulphur, the Htaliility and tnumforinatioaH id the other varhdim arc tJnmght hy 
E. Korintk to follow the Hocpicnco of chaugcH : 

^-totragonal*-*^S-nHauK'.Hiu<i-**>a-nuaiocUfucK>S mouochtn »*•**•> 
-^7-monucliuiC'^/l-monncliui(^^ ‘ftitimhic* 
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§ 5* Amorphous and Colloidal Sulphur 

A number of varieties of sulphur have in the past been classed as amorphous 
sulphur* The lac sulphuris, prepared by Greber,i G. E. Stahl, 0. W. Scheele, and 
T. Bergman, is an example of one kind. A. E. de Eoulcroy and M. de la Porte 
observed that Veau sulfureuse d^Enghien has un’ odeur liepalique, and when oxidized, 
it becomes turbid. The suspended sulphur is not removed by filtration for la 
liqueur fossoit trouble et laileuse d travers deux papiers. The liquor is tr()sAfa'm“ 
parente, and d^une couleur ligament citrine. C. L, Berthollet added : ptvr r addition 
d^un $el, tel que le muriate de soude le pHcipite seformoit promptement et la liqueur 
restoit claire. Analogous observations with respect to the sulphur produced by 
the oxidation of a soln. of hydrogen sulphide were made by M. le "Veillard, J. J. }3er- 
zelius, J. W. Dobereiner, J. Persoz, J. Dalton, etc. M. Berthelot reported a 
variety soluble in carbon disulphide to be formed by the action of hydrochloric 
or sulphuric acid on alkali or alkaline earth polysulphides, by the spontaneous 
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(U‘ec)!iijHKsiti<>ii pnlysulphidc, ;utd by oMiintiun n| a r,ulri. of 

liy(lrng(OJ Hiilphbh' in nir, If tho polviuilpliidrs hy forri<‘ rliturido^ 

(d r.,, |KU1<>f ( h«‘ sulpluu' isinnaiuhla itirarhon (h ailphdlr, 1 1. R, firuwu* 
liM's H flowed that when n Mnfn, of (‘olciinn or aotliiiio poiy iilpinde li. trealo«| with 
(‘Oiitn liyilroe.lilorie. Ru’hR t-lu'. prer.i pitiite eoriR'iiun a ionali proport kus of in,'a>jul>lo 
Huiphtir, imt* vviMi snu't.ic or dih hvdroelilorie noub in'olnido rulpliur in not 
prodiKUHl. I i is found tlud. the M<r<'alled nojuldo ' ' or " mdi . ainorphouo fuilphiir 
|)retu|ht<itii‘(l from polyHiilphiih'H in not ainorphoun, lint eryot.dlnie, !h Uerrie/,, a, ml 
Fi. PeXerHc'ii connidiM' that thin fonn of nulfdiur in not ia{l\ diflereiit from 

ordinary Kulpiiur ; and W. Mut hniamu that, tbi* eryidal:; firot formed arey Hulphur, 
H, (Hoez thnuj^td. that; sulphur pnadpit atrd from arid tir nllvaime ;a)hL was respee* 
tiveiy soiuhio or insohihie ; but II. H. Bro\vrde<^ showed t hati ireshly preeipitiiiod 
Bul{dnir con.sistH (udirely oC innolubie nulphur and that. Ila‘ revm'sion to soluble 
Hulpiuir is retarded by tins e.onta.i*t aet.i<»n of tin' arid or liahupus in the lifpiicl 
The ])ro portion of insolnlde sulphur whieh ovt^nmnu** tht’i tendeiu‘v to revert 
depends on the (‘.oiuauitriition of the a<’i<l or haloyen employed. 

Tlio so-enlUnl )Nl(k of HNii)hNi\ or for snlp/iitro'f, io (nvUuof’ri tooo «'oM Hif. uolo. rontaintniJj 
hydrogen sulptiidi^ r.f/, ah lUndiof/., itad H, \V, U. Wnokoorodf'r umoI mp ooln. tif a 
preparation (‘onlnioirag alkali or HlkaliroM^jirl li polv atdphi* t’. < lot** <0 < Im’ *e lu allowed 

to Ht.arid a fi^w days, Ult«a’<Ml, (Jiluted wUR wa-ior. and (ho latlpbor poM'iptlnlrd 1»>^ jotting 
Miilph-urim liy<Ireefderi<\ or juaOit* neal in iinuiJI pjotioii!; nt a litiw v^Uh ron*if<mf. njuriiig, 
If aide I Ihi fuitiod in oxjm'jih, ooliuiir.v .voll<»w nolphur will be profopibiUn! nlona, with lh<i 
whit'O or m’ey milk of Hulphur. 'P. n'hom.’ion tliougid tluU milk ♦n'ooJptmr ifi hv<lrale<t hut 
tk K. Ibieiml/;* Jind (b Bisehof found Dint thijiiisnol tin' oi-.o, \\ . iipriog, howmor, regariled 
colloidal HU Iphur a.H ji hydrate S^Jl^O, d d'. Ibwwdiua tduad Dutt anom b>dromm sulphides 
not watt is/dvi^a elT in dryinpt; nnd !I. Itom^ irderuMi that uulk ol oolpbur rt a eompountl 
of sulphur and hydrogen nulphidji or f jolyMulpliidt' h<MuuI^u^ the notoiud tnodved on drying 
is rouhtiint' ; i h(^ pol^'Mulpbidt' ennuot he rejnovtnl By %.<oeihfn}*, ; au»i imlK of aulphur is 
fonntul tally frotn lapiids eoutHiaing hy<lreg«ai aidphide. lb Ibhrder ohu-rved that- milk of 
Hulphur alwuys rootaiuH houu^ t.hioimlphurie nei<l ; B, Pnmits’, tumu' h>due''en |Hd,\ aidphide, 
tvlutdi is griulually jkHunnpo.Mtul by waahing; arnl (b Onnnri, aoiia^ aduuved ejirbon* 

Another form of amorphous sulphur is saiil t.o In* a variety iusoltdde in eurhnn 
diHulphide ; it in e.onverted into the iusoluhh^ form by rt*pmdetl dinsolut.ion ill 
carbon diHulphidimmd evaporation, (h d, St. (b Deville, It. \Vebm% M, Uimtheloi, 
and K. Sduii and (J. Minsaghi fnimd that it is funned alony wit h nu iieiolnfde form 
by rmmy of the metluHlH imlicatud below, (h MagruiH and Welaw old.ainnl it by 
Bbrotigly lioatiug and rapidly cooling ordinary Miilphur, and <*xtriMtting vviili earlmii 
diBulphidc. The a^stilplmr orystalliyam <ni,t lirst, and tdnwe remains tluH variety in a 
form which they called knlndu/en Mtwejht, It is doubtful if tins in a Hpccilic 
variety ; rather Is it a mixture of sulphur soluble and inmduhie in mirhou tlisulphidc. 

There isa variety of aniorphouH sulphur which is insoluble in carbon diHulpfiithk 
and which luis boea called y-miphur^ but that term is lit'rt's iihihI for a variety of 
crystalline snlpluir. The varieties of no-called amorphous Hulfduir just iridic.iited, 
an being soluble in that monstruunb are probably not Hpecilhs iudivhlualH* hut* 
rather mixtures of two or more other varieties. The insolubhy amorphous siilfsliitr 
m gemmlly regarded as being the gdorm of sulphur discussed below ; and solubUk 
aniorphous sulphur as the A-fomu In all tlm methodsof making hisoluhhk amorphous 
sulphur, some soluble snlpluir is formecl at the same? that?, anil this is rcitwivetl by 
extraction with carbon disulphiile, leaving iiiBoluble, amorphous sidphiir m a residue. 
This variety is produced in numerous ways. It was prepared by K, MitHcherlich,® 
O. Osama, 0. J. St. 0. Doville, li C. Brodio, H. F, Marcband and T. Bcshecrer, 
15. Petersen, B. Eathka, M. Topler, and A. Smith and W. B. Holines by pouring 
stdpkux, melted at a high temp., into cold water, and, after Home days, extracting the 
product vrith carbon disulphide. A. Lallemand obtained it by exposing a coiic. soln* 

^ of sulphur in carbon diaulpHdo to sunlight ; M. Berthelot found that the eleotrie 
light acted in the same way, and that hydrogen sulphiile in the hoIiu retards the 
' ohauge. Solid sulphur in sunlight does not suffer tbis change^ Home insohibloi 
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amorphous sulphur is formed when sulphur vapour is condensed in air, and flowers 
of sulphur, as previously indicated, contains some of this variety. The reaction 
was examined by C. J. St. C. Deville, and M. Berthelot. As shown by F. Sclmi, 
F«, Scstini, W. Miiller, C. F. Cross and A. F, Higgin, and M. Berthelot, it is formed 
W'heii sulphur vapour is condensed in water or in steam ; and, according to J. Gal, 
when sulphur vapour is condensed on the surface of a cold liquid such as water, 
dii. nitric acid, dil. hydrochloric acid, or a soln. of sodium hydroxide, plastic sulphur 
is formed in thin pale-yellow plates which under the microscope are seen to be 
formed of transparent, rounded grains. The plates consist of a mixture of soluble 
and insoluble sulphur ; if heated at 100° for an hour, 13*6 per cent, remains insoluble 
in j>lace of the 0*3 })er cent, in the case of ordinary plastic sulj)hur, and 23 per cent, 
in the case of flowers of sulphur. The proportion of insoluble sulphur in plastic 
sulphur formed from vapour varies with the conditions, and especially with the 
temp, of vapori;^ation. The percentages of insoluble sulphur at various temp, 
above 200° are : 

210 ^ 230 '* 245 ° 260 ° 275 ° 290 ° 305 ° 320 ° 

Insol Sol . 18 22 25 28 31 34 30 37 

Water, nitric and hydrochloric acids, and soln. of sodium and potassium hydroxides 
and sul])hurous acid at 0° give practically the same result, the product containing 
45 ])er cent, of insoluble sulphur. With sulphuric acid, the proportion of insoluble 
sul])luir is as high as 75 })er cent., whilst with ammonia it is as low as 15 per cent. 
In the last case tlie product is not soft, but forms brittle plates. There is, however, 
no relation between the elasticity of the product and the pro])ortion of insoluble 
sul])lnir that it (iontains ; the sulphur condensed on the surface of a block of ice is 
very elastic, but only 20 per cent, of it is insoluble. For one and the same con- 
densing liquid, tlie proportion of insoluble sulphur is higher the higher the temp, 
of the sulphur vapour. With sulphuric acid and sulphur vapour at 300°, a varia- 
tion in tlic temp, of the acid between 0° and 100° has no influence on the insolubility 
of the product. With sulphur vapour at 440° and sulphuric acid, or with sulphur 
vapour at 300° or 440° and water, or liquid sulphur at 440° and water, the proportion 
of insoluble sulphur in the product is higher the lower the temp, of the condensing 
liquid. If the flame of hydrogen sulphide or carbon bisulphide is allowed to impinge 
on the surface of a cold liquid, the hydrogen or carbon burns before the sulphur, 
and the latter is condensed in a plastic condition. M. Berthelot obtained insoluble 
amorphous sulphur by the action of, say, 15-20 vols. of water on sulphur mono- 
chloride or bromide frequently shaken for about six days — B. Petersen used a 
dil. soln. of sodium carbonate. M. Berthelot decomposed thiocarbonyl dichloride 
with a dil. soln. of sodium carbonate ; and by extracting the so-called sulphur 
monoiodide with carbon disulphide either at ordinary temp., or at 80°-l()()°. 
M. J. Fordos and A. Gelis, and' M. Berthelot obtained this form of sulphur 
by the action of hydrochloric acid on a soln. of sodium thiosulphate ; and 
M. Berthelot also used sulphuric and sulphurous acids. M. Berthelot also 
obtained this form of sulphur by the action of an acid on potassium tri- 
thionate, sodium tetrathionate, or pentatb ionic acid; by the electrolysis of sul- 
phurous acid, and by heating sulphuric acid to 160°-180° in a, sealed tube; 
iL W. F. Wackenroder, A. Sobrero and F, Selmi, M, J. Fordos and A. Gelia, S. de 
Luca and J. Ubaldini, and M. Berthelot, by^ the action of hydrogen Bu]j)lude on 
sulphurous acid ; M. Berthelot, by the action of sulphur dioxide on soln. of alkali 
sulphides ; and by the electrolysis of cone, sulphuric acid or by the action of hydro- 
gen sulphide or phosphine on that acid. B. Munster, and E. Mulder obtained it 
by the action of hydrogen sulphide on fuming nitric acid ; W, U. E. ILxlgkinstm, 
by the action of hydrogen sulphide on chlorine, bromine, ox iodine ; and F. Selmi, 
on nitrogen tetroxide, nitric acid, aqua regia, and soln. of ferric salts ; F. Selmi 
and G. Missagi, on sulphur monochloride ; and M. Berthelot, oti chromic acid. 
P, Sabatier obtained it by the action of a sat. soln. of hydrogen sulphide on hydrogen 
polysulphide, and M. Berthelot, by the action of fuming nitric acid on metal 
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sulphidf^H. Nitri (5 acid^ ot aulplnir (lioxi<le, aci.s on ninliini Hulplnir jdxn’o 1 15''^ 
ing fionw inaolubK Miiorplioua aulplnir. M. i)ioi 7 .enbnclH‘r found ihjU> !>y hoaiiug 
400 partHofHulphur with ono part of iodinoor poiaHHiiun io<lido, niiirh siisoluhh' au|. 
plmr is proclucu^l ; brooimc actia ai 200 andohlorino nt 240 ", prodiiciuy ivs|HH*!4V(dy 
73 -80 |)or cent, and 05-70 per cent, of insoluble wiilphur. Accordiu-j; to A. 
when Ihpiid or dksolved $nlphur““-*wiih benxemo or <*4 u4)<hi tetra,(*hlori<lc ns luilvcnk 
— m exposed to' tlio itisolnhlc sulpluir whieb sepa, rates is in the (silloidal 

state. Tluschanf^e of soluble sulphur Ka dnto insoluble sulphur on exposiiri^ to 
light is nwersibk and <a true photoclieinical e(|uilibriuin is atbduuMl, both in the 
ease ot li(piicl and dissolved sulphur. 'Phe position of cojuilibriiiin a.nd the rate ol 
eliange depend on a mimber of faxdors, sue.h as the, tenpi., rate of stirring, lutlairc 
of solvent, extent of Biirfaco exposed to light, etc*, d. Amann found Mini, under 
tlie influence of liglit, solu. of sulphur in carbon disulphid(N earhon hdunddoride, 
heiiTicne, aanyl alcohol^ or tiirpontiiu^ sliovv C(>nsi<le,ra,blo eliUinges in tlu^ ultra- 
microsco[)i(M'diaracter <)f the sohitums. The transition from the a,inicrt»sropi(*. to 
the niicellaxy condition diminishes in velocity a.s Mie viscosii.y of Mu'. dispersive, 
medimn increases. Tlio adsorption of the patl.icles by the glass walls of the 
containing vessel flecrcases 8irniilta.ius>usly. 

According to K. Scliaum, all kiatlu of sulphur, wlfndi a,r<\ insoluble iu earhon 
disulphide, arc amorphous, and ■when [)ur<i furnish IhaHMilent fiowders. M. Ihudludot 
found that these forms of sulphur very slowly pass into thou, forrip for lhiwiu*s of 
sulphur which has been kept 51) years si/ill contains some iiisobibh^ sulphur. Hie 
change to the stable n-fomx is rapid with this an<l all other variei of auljdinr wlum 
heated a have the m.p. aiul slowly cooled ; and if heated to 1 HT 120" for sonu^ weeks 
in contact with solu. of alkalies, alkali sulphides, or hy<lrogen sulphide. M. J. Hi. 
0. Dcville found that insoluble sulphur is very slowly traaushirnied iul.o soluble 
sulphur at ; and A. Hinith and W. 11. Holmes observed tliat a sample with 

2*8 per cent, of insoluble sulphur when ke[)t 10 hrs. at 70“', (mntained only 0*57 per 
<‘.ent., and none when treated similarly at KKM. M, J . K< m h is a.nd A* i f elis, 0. Magnus, 
M. Berthelot, Ih 0. Biodic, and E. Weiier also noticed that the kaiish irinahicm r<‘.a<lily 
occurs in contact with water at lOtl' or by simply heating the insoluble, sulphur iti 
that temj), M. Berthelot said that the insoluble siilphur f^repnred from tliioHu![duirt(‘.H 
is least stable towards heat, and-passcH into sohihlo ct^sulpluiir most rapidly. At 
first, the transformation with the insoluble variety of sulpliur pnqiarcd from sulphur 
monochloride proceeds more quickly than is tln^ witli tdiat olitainetl from flowers 
of sulphur; but after 15 minutes, the transformation with the variety ol»i 4 uned 
from sulphur monochloride proceeds inovst slowly. , M. Bertludot hnmd thatcumtimt 
with iodine, sulphur monoohlorido or bromide, or ’withfutning nitric favoarH 
the tranaforination of the loss stable insoluble form into the ntort^ Htable a- or 
soluble form. K, Schaum, and A. Smith and W. B. Holmes obs<5rv<xl that cumtact 
with carbon disulphide favours the transformation of insoluble into soluble sulphur* 
K. Schaum supposed that there is a state of equilibrium between the two forum in 
the presence of carbon disulphide as is shown by the passage of a-Hulpluir into the 
insoluble form by exposure to light. According to 15 W. Kiister, wlwui solublt^ 
sulphur is heated in vacuo at 141*7'^, about 5*2 per cent, ot insoluliln sulphur is 
formed, the amount formed being independent of the time ; after J. hour, tliis 
amount is approximately the same as after 16 hours. When heatcnl at J83“, the 
amount of insoluble sulphur is also independent of the time, and also apparently 
of the temp., since about 6 per cent, of insoluble sulphur was obtaineci. Wlitm 
heated at 448® for 15 minutes and then gradually cooled, 1*8 to 3*3 par cent. ()E in- 
soluble sulphur is formed; when, however, the molten Bulphut is suddenly cooled 
by plunging into cold water, 30*9 to 34*2 per cent, of insoluble sulphur is obtained. 
The formation of the insoluble modification and fhe converse formation of soluble 
sulphur take place, therefore, with extreme rapidity, so that the amount of 
soluble sulpliur which is present after crystallization is not dependent on the temp, 
amd time or tie heating, but on the rate of the crystallization and the temp* at which 
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it takes place. A sample of insoluble sulpliur which lias been kept for 5 mouths, 
when treated with carbon bisulphide, gives the same percentage of soluble matter 
as when freshly prepared. On evaporating the solution, the sulphur separates^ in 
solid drops which show no signs of crystallization under the microscope, but give 
evidence of crystallization when subjected to polarized light. This sulj)hur is not 
completely soluble in carbon bisulphide, so that the “ insoluble ’’ modification, 
when dissolved, is not completely converted into the soluble modiheation. Hence, 
it is concluded that the soluble and insoluble modilications have diiferent molecules 
in soln., that they are not only j)liysical isomerides, but chemical isomcridcs, having a 
relation to each other similar to that of ozone to oxygen. According to W . S[>ring, 
at 8000 atm. press., the insoluble x^axt of flowers of sulphur passes into the a-forru 
at 13'^ ; It. Threlfall and co-workers also noticed that when the insolul^le form 
of sulphur is subject to press., it passes into the soluble form. L. Troost and 
P. Hautefeuille found the sp. gr. of soluble sulphur to be 2*046 ; E. Petersen, .1*87 ; 
E. P, Marchand and P. 8chccrcr, l-957-l*961 ; C. J. St. C. Hcville, 1-919-L-928 ; 
B. Ratbke, l-91-i-93 ; G-, Osaim, 2-027; and M. Toplcr, 1-849 at 40'‘“^~50". 
M. Topler also found that if the sp. vol. of liquid sulphur at 120'“ is unity that of 
insoluble sulphur at 30° is 0-9G3 ; at 60°, 0-979 ; at 120°, 0-995 ; at 140°, 1*001 ; 
at 160°, 1-007 ; at 180°, i-014 ; and at 200°, 1-021. The coeil. of thermal expan- 
sion is 0-0003-0’0004 at 30°. M. Berthelot observed that the passage from the 
insoluble to the soluble form is attended by a rise of temp., and that this is duo 
to the insoluble suljjhur i)ossessing a greater sp. ht. than a-sulx:)hur. The heats of 
oxidation of both forms is 69-1 Cals. E. Petersen gave 71*99 Cals, for the insoluble 
amorphous form, and 7 1-99 Cals, for ordinary a-sulphur. F. A. Pavre showed that 
the heat of oxidation of insoluble sulphur to sulphuric acid is less than is the case 
with a-sulphur ; and is such that an eq. of a-sidj^hur develops 2102 cals, in x)assiug 
to insoluble sulphur ; while the passage of mi eq. of oily sul])hur from thiostilphate 
develops 3102 cals, in passing to insoluble amorphous sulphur. P. A. Eavro and 
J. T. Silbermann found that sulphur recently ‘melted and crystallized has a higher 
heat of oxidation than that which has been crystallized for a long time. 

M. Berthelot assumes that the sulphur x>roscnt in different compounds is in a 
diiferent state — c.g, the sulphur in the alkali polysulphides is said to be piescnt in tiie 
soluble form ; whilst in the thiosulphates and sulphur monoohlorule, it is in the in- 
soluble state ; and that sulphur is soluble when present as an electronegative element, 
and insoluble when electropositive. Xie considers that this is shown by the modes 
of formation of the different varieties of sxilphur, as well as by the electrolysis of an 
aq. soln. of hydrogen sulphide where only soluble sulphur appears on the poHiii\e 
pole ; and in the electrolysis of suixjhurous acid, almost insoluble sulphur <;olloctB 
on the negative pole. The soluble sxilphur is said to unite more readily with the 
metals than does insoluble sulphur, but P. A. Pavre found that the insoluble Bxxlx>hur 
is oxidized more readily by hypochlorous acid than a-8ulx>hur. S. Cioez does not 
agree with M. Berthelot since he found that insoluble sulphur unites more readily 
with iron and mercury, and with nascent hydrogen produces more hydrogen sulphide 
than does soluble sulphur. He su^xposed that sulphur separates from all <5om- 
pounds in the insoluble form, and that it is transformed by the surrounding liquid 
into more or less soluble sulphur. L. Eauchcr found that when flov^ers of sulphur 
is boiled with a soln. of sodium hydrosulphite, the insoluble form of sulphur is the 
first to dissolve ; P. Bellamy also found that the insoluble form of sulpliur gives 
more hydrogen sulphide when boiled with a soln. of sodium sulphite and it is dis- 
solved more quickly. W. Schmitz-Dumont said that both kinds of sulpliur give the 
same amount of hydrogen sulphide, but the insoluble form docs dissolve more 
quickly. "W. Miiller-Brzbach showed that insoluble sulphur is oxidized by potas- 
sium permanganate more quickly than is the soluble form ; axxd M. Berthelot, that 
the insoluble sulphur is more active in forming trithionic acid tlian is the cas<^ with 
a-sulphur. 

A variety of sulphur, called black sulphur, or metallic sulphur, was roportod by 
VOL. X, B 
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.\la14miN,'' and h\ Kiuipih It *;) luud U> tonnrd u )m'U Miijdiur 1,: r^j t'dl> hniiiHlto 
ahnut and ^U>rupl!.^ <t, Mtipiuu; raid'd ihv pnnlurt irdu ^<u'kmrzm 

Mim'pl Ha nhH) oHtainad ii. hy nu'liinp, tot'jtdht-r <'(pud part.. ul ; udunu rarhonula and 
Kuipkur, jauca it in ('onsidaral i*hn.t livar <>l tatl|dntr <»vv<\i it aadtaiif lun t<» t hin tnrin ul Kadivlmr. 
'rba r<Ml, itmolnlilo rm<Un' nnnuininf' v\liaa <U(' lurr <tt nuiphur j t tionlrd with u nt>!tu nf 
polnNHintu ryuuidt‘, wanlnMl urid HnnH, ih :uipp<K-<Mt to \>r t»in<‘b .uilplinr. \\ fian vitnvadin 
tljin fihuH I'ly tmnHmitdMl lifjjljt, l)In<*k tndpinn* ai>prarn Md*ni..(d> ntui it impatln a 

iduti nabur t.o hiHinl nails jjornK, sodium aiul polas.aiun oHbridr! , ihImhu stifpljaio, oic. 
K.MitschnrUtdi considaaMl blaoksulphuido buanliiinrv sulfihuf rnl*Min*d luiriiurd orgmik 
iimtlor, uiid )io idiowoil that Mui pn'siuico oi' U'tMd.t pni'ti <d iid. is ahla to I'obuir rt>d a Hjiu 
layf‘r of Biilidiurj au<i nthi(di innss, blauk, (k MHp,nur5, d. Montior nod At. I hot /.onbnrhw, 
nmi Kidlor showiMi that nuuu'rouM orpanio tuhntaiuM'S In'iadoi tut. nud nudal hu 1« 
phidoH will do tho SU.1U0 thing wluui hoatod (u dtxr, M. i\ Jotw . hatad thof hlaok sulphur 
roHiaiiHKl as a ronidiu^ vvlKunsulpIuir in burnt iniur. th Maguinand K. aiul l*\ Kuapp 

rogariiod hlai'k sulphur as a sptsbd inodifaud ion of iUv oioiuont. If. Hilt/. nu<l iu Protmw 
showod timt a blank r(\.si<hH'i rouuunH \vhtu» ntdphnr is dintdiod, au<i (p von tlnHuliugor 
fouml that this nvsiduo is not Mio sanio ns hlaok nidjthur -inr<' d oontiuu** nn iron 
(uirbido foniHul by distilling onl{jhur with iron mid a Ipdrornrboru but not. with iron aloiip 
JVh th Hrhuyton UHSuinod tJiat ftich fu i tufuj^'unnrr Ihdoi suun*;oa f/rr i^aff ffHwrlm' 

i% vvru'fiihdvU. it JStMuiianu found blank milphur (UHniiiiug nat i\ o in Mo\i«u>^ and 

<wm(dudo<l iluii tho sosudlod blank milpbur is not uu Hlhdrojao uuuhtiont u»u* hut ordinary 
yolJow HU Ipliur oolonroii black hy nirudl tjunnl ii icfi of carbon or ol uudal iron or plu.tiiiium ■ 
Bulphidos. Ho said that ih<^ proHouiM^ of luirhon in tlu^ black sulphur is o^plusiblo ou tho 
aHButnplion that iho ipyilrocarhous iu ibo volcjuiic, cnludat inns fiotn \duch iho nulplnir k 
(icposited do not nomo into coniaot with mdthbnit nir fur cojujdoto <‘oud»uduHu with the 
result that carboii is dopes ikal. The niicrophotographs of hlnck sulphur show ihc pmioucn 
of Htrlplmr and amorphouH carbon siito by nido. d. Magnus nuppouod that. Idm'k sulphur 
is the cauHO of the dark colour assununl hy viainil or plauitc nulphur. VV, MuHunaim 
HUggesUul that black sulphur b ibo tnct.allic, fortu cornmpundiup wdh molalhc tclluriuni 
and Hokniuiu (f/.'tn), and if so it shoul<l <Mys<aUiy.o in if*c trigonal nyr*(cnu 

According to F. Wdldor, H. Welicr, K. (I u.ud A. Vofpd, and .1, <k Hchwciggcp 
if a cone, sola, of ferric chloride be tuixod with hd llK^ t-iiiicn Hh vol, of a Hohk of 
hydrogen fciulj)huic, the Hquitl tussmucH a deep colour Mm SUlpllUt* H, iSclulI 
added that i£a soln. of liver of milplmr be atlded to 11 m^ ferric fdihu'ide ui4n,, violet* 
coloured sulpliur is foiuoedj while i£ the ferrh*- chloride boIu. lot adtled to the 
other solik drop by drop, the. colour panacH from green iu dark Idnt^ vkie imjm^ 
sulphtur sesqnioxide. J. W. 'Dohereiner notictui the blue tudour of the colhndal mdn. 
of sulphur obtained by oxidizing a Holru of hytirogen uulphitho A. M tiller and 
H. Dubois obtained the blue colour when prepuriug carbon tclriuthloridt^ by the 
reaction : CS 2 + CCl 4 d in the proHence of ferric cliioride ; wit b ulmninium 

chloride, the colour is darkened; and with (judnutuii chloride, greeik D, J. (lil 
obtained a bine coloration when alcohol or nueiono iwdB on iiinmoiuuni, aodium, 
or calcium polysulphido. C. Greitner obiaiued an epluunerat tduc isihnir <ui lieatiug 
sulphurous acid and barium or strontium carbonate in n Hioilcd tube, at Hitt' b*IO‘^ ; 
by heating sulphur with water and hydrogen, metallic ?iuc, or iduininium hydroxitte ; 
and by heating an aq. solm of hydrogen aulphkle to in a Healed tube, on (*ooli»g 
the blue colour disappeared* In geueral, the blue Hulphur appiujtrH at ilic luoinent 
sulphur is formed; IT. A. Orloi! found that when a benzene Holm nt milphur inotic> 
chloride acta on ^metal sulphides— especiaHy bmmutb trimilphkhv' a greeik 
amorphous powder is formed which is not soluble in any «oi\nmt wnt 4 i;r or iwiids 
— excepting carbon disulphide, to which it imparts a pah^ green tint IJranyl 
sulphide, platinum disulphide, and silver sulphide give Hhiulnr rcHutt« witli Hulphur 
monochloride. Cadmium sulphide and sulphur tuoiiobroinide boih^ci with toluene 
abo yield blue or green^ sulphur ; but with sulphur iodide, no Hwch rcactifin <m?cuii. 
Smaller yields are bbteined if no solvent is mm* Among the comliti<in» of forma- 
tion of this modifi^tion of sulphur, the most striking feature in the kdtuence tif fiiH- 
sociation on the incompletenesB of the reaetiona by whi<ih it it formed* Buch 
ructions are that of ammonium sulphide on alcohol or lujctona. According to 
E. Paterno and A. Mazzucchelli, when 95 per cent, alcohol m mixed with triic« of 
polyBriphide there is produced a blue, and^with larger quantities a green, oolora- 
tion, but only when the alcohol is heated ; in the cold, the liquid assumes a yellow 
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colour. The reaction is sliarj)er with jjotassium or sodium [)olysiilphide tiniu with 
the ammonium compound, hut, in any case, the coloration is only transitory. 
With acetone the colorations are more intense aaid more j)crsisl,ent, the liest n'sulls 
being obtained by adding an alcoholic soln. of potassimn polysuljihidc to boiling 
acetone ; even in the cold these solutions give a hliie coloration, 1>ut this changes to 
green and ultimately to yellow with less quantities of ilie |)olysiil]))ude tliaii when 
boiling acetone is employed, TJie view that these eolurations are due to a limited 
decomposition of the polysulphide is supported by the observations that intense, 
and moderately persitstent colorations are obtained with basi(i solvents such as 
[jyridine, etliylamine, and allylaniine, which are able to form saline compounds 
with persulphuric acid, whilst with w'ater, the most higlilv dissociating solvent, no 
coloration is formed. It is also produced hy the action of heat on ]jot.assium 
thiocyanate. Thus, according to E. Paterno and A. Mazziu^chclh, winni potassium 
thiocyanate is heated, it melts at 172-3'^ to a colourless Ikpiid, which Lungins to turn 
blue at 430°, the colour gradually dee])ening to an intense indigo if this tempera, turn 
is maintained. When the salt is cooled, the colour begins to fade at about 300‘h 
but only disappears completely in the ncigli1)ourhood of the m.}). If the blue liquid 
is maintained at above 500°, it changes to an opaque, incandescent, red licpiid, but 
again becomes blue immediately on cooling ; even at this temp, there is no appreci- 
able separation of free sulphur, although the thiocyanate retains a yellow colour 
after cooling. When heated in a current of oxygen at above 400°, potussiinu thio- 
cyanate loses in weight rapidly, vsul])liate and polysulphide l)eing formed. The 
reaction was also studied hy W. B. (Tiles, and J. Milbauer. Green sulphur melts 
when heated and burns in air to an inappreciable residue ; and it has all the 
properties of precipitated sulpliur. The green powder loses its colour when dried 
or when acted on by water, alcohol, or ether, and it can be kept only under benzene, 
toluene, carbon disulphide, or olive oil. When placed under corumercial xylemg 
it acquires first a blue and afterwards a red tint. When heated with ])ersul])huri(* 
acid, the latter acquires a yellow colour ; green suli)hur is oxidized by hot nitric acid. 
P. P, von Welmarn found that a soln. of sulphur in glycerol or ethylene glycol is 
colourless, but when heated to J60°, it becomes clear blue, the depth of <tolour in- 
creases wdth rise of temp., and with the cone, of the sulphur. The colour is not due 
to an oxidation product in the solvent because it is not altered when oxygen is 
expelled by hydrogen or carbon dioxide. Acids — c.y., boric acid— -completely inhi()it 
the colour, but the smallest addition of alkali suffices to intensify it to an indigo-bl ue. 
Methyl, ethyl, proi)yl, butyl, and amyl alcohols give either colourless or yellowish- 
green solutions of sulphur, but if a little alkali or alkaline-earth oxid(‘ be ad<led, a 
blue or greenish-blue soln. is obtained. Similar results are given with acetone a.nd 
even with water. Ammonium polysulphide soln, at certain dilutions, and sulphur dis- 
solved in fused potassium thiocyanate or potassium chloride, show the same colour. 

According to Wo. Ostwald and E. Auerbach, cryoscopic measiirementB with 
the clear blue solutions of sulphur in pyrosulphuric acid show the mols, to be 
diatomic. It is to be assumed that blue soln, in other solvents (e.//., hot glycerol) 
also contain the sulphur in this form, which is thus much more highly dispersed 
than in most organic solvents in which the mols. are ootatomic. There are two 
series of sulphur soln. of varying degrees of dispersion and varying colour. One 
is obtained, by the progressive dilution of pyrosulphuric acid-sulphur soln. 
with water ; and the second, e.g,, by the decomposition of thiosulphates with acid. 
The first series begins with the highly-dispersed S 2 mols. and passes through the 
colloidal range to coarse dispersions. The second begins at the smallest colloidal 
particles and finishes also at coarse suspensions. The colours of the first series start 
at pure ultramarine blue and pass to green, then to opalescent yellow, red, violet, 
then to a very turbid and impure blue and green, and finally to yellow, macroscopi(; 
sulphur. In the second series, the latter colours are more readily reproducible. 
They commence with the opalescent yellow and thereafter follow the same order. 
Sulphur sola, with sufficiently wide variations of dis],rersion thus pass through tlic 
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visible Hpecjtruin twice, ntul tiuia furnish a colloidal iuialo^uc t-o tlio colours oiacrvccl 
by J. Piccard \vit!i organic ccn\|Kmnds. The colour changes arc prcalmaal by 
the luoveincnt of three absorption hands. In niohuailarly dispt'nsMl (S.;) sohu, 
two of these ])aiids a.ro in th(‘ ultra-violet, auid (uu* in (he wsilile ap(‘c,lnirn. With 
decreasing dispersity, the l>a.iids shift towards I he huipyr wa ve hui‘*ilm. 
N. A. OrlolT infers tlint a hlnc iuo(hfica,tiou of sulphur nsilly e\i.^;(a, that it appears 
green when mixed ;vitk ycdlow snliviuir, and that it» is very utudahha being aide to 
exist at the nioincut of its forniatioii in ccrta.in reardioiis, and in a piMailiar state of 
iixation in some inorganic or organic couiipounds. Unis, hismui.h, /hie, or ea.diuiusn 
sulpliido fnniishes a green suljhur wduch dries white, and wbicli is aSuHotuated with 
a little of the metal chloride, if. Moissan obsiU'vaa} (uiloured s<Ju. win-c obtained 
with siiiplmr and lutuid ammonia ((/.a.), and !iki‘Avis<^ also vStnidv and M. Blix. 

J. Hofmann suggested that the hliu' colour of a suhi. td* disulphur trioxi<!e in (uaua 
sulphuric acid, observed by C. K. Ihicholz, is due to tlie pres<Mu*e of a, t,rae(^ of colloidal 
sulphur, Wo, Ostwald obtainiul (Coloured soln. of sulphur by putting pi<MU*H of 
ordinaTj sulphur iiiboilujg glyeeroL K, K, Liesegang obtniniHl a, bhuu^udn. liy (he 
action of citric acid on a gelatinous sohi. of sodium {hiosniphaic. if the lauictiou 
goes too slowly, the colour disappears. Th<' plumonumon is {dtributml Uj the high 
degree of dispersion of the precifutattsl sulphur. (Gloureil soln. of milphnr in boric 
oxide, phosphorus pentoxide, ]>oiassi\ntn thioi'yutuUe, pot nssiuin cvatddiyjmd glyeawol 
yv(ir<i obsoxwed ly J. Hofruanu; and in ethyl atcolud 4uul ncetmu*, by h), Pat»erno 
and A. Mamicchelli. C, (Iciiuer also referred to tlm coliuir <d some nuiicmiH — 
eelowtiiio, heavy spixr, fliid, luiuya<% eh*. ■ suppos<al l.o bc‘ dim to the bhu* inodilituddou 
of sulphur. C. Geitacr, an<l (t. N. Lewis luul coAV(U’kcrs <djserv<'d (-hat vvliCu 
jsulplmr is heated ixx (piarU wilhdil. iicutiral or sliglitly alkaline solm of noiormudiug 
salts suck ns potassium cldorkky sodium sulphatic, nuignosinm suljdiat.e or poiasHiuni 
orthophosphate, a blue colour of ilic shade of indigo appears, inul is hrsi, notituuddc, 
in a tube of O-b cm, diameter, at abotit L'JOL The int^iuiMity of the eobuir iHcr(*»as<^^H 
rapidly witli the temp. On cooling;, tin* coleur disappears ami milky sulphur is 
precipitated. Pure water iix quartz gives no (oilour wbli sulphur, but. in glnss 
tlic colour appears, owing doubtless to the dissolved alkali. In t he prosene, of a<‘id 
this colour (loesnot appear. A.Golson, and J, IL M{ni<li‘rcnH mutlc. noine ^ibservatioim 
oil this subject. N, A. Orloil likens tho formation of bhu'* Kul{diur by oxidizing»: 
hydrogen sulphide with ferric chloride soln. to the format it>n of ozmm by oxidizing 
water with fluorine; it was suggested, solely by (be analogy with iliis r«iae.tion, 
that, like ozoue, 1)3, the mol, formula is B3, and (.his hypothetkutl compound 
has been callexl thiozone. The analogy is a poor omv argument has 

been supported, by the observation that sulphur in certain combinations pro* 
duces an intense coloration as In the thiozonides ilk Mrduuuin. K* Paterno 
and A. Maoucchelli added that the ]iroperties of blue sul phur n ml ozmm allow of no 
such analogy being drawn. They also found that when sulphur is vaporizeil in a 
transparent, quarts: vessel, it in seen tliat it has at first a nuldish-yellow 

colour, which, at higher temp., hecomes very faint, and is iiltinial.ely replaced by a 
characteristic, pale-blue colour, thin diBappearing whem the vapour cools, dlit^ same 
blue colour is obeerved when sulphur i» volatilized in an atmouphere of carbon 
dioxide, but not when an atmosphere of Bulphur dioxide is employed. Nk A. ( Irloff, 
and P. I^app re|aTd the blue colour of ultramarine (y.ix) as due to the presence of 
sulphur in a special state of aggregation, a view not hedd by soim^ workers liccause 
the blue colour is retained at a red-heat. This subject was also discuBHcd by 
J. Hofmann. 

0. O.M.DaYisaiid!F.W.Ri2£oaassociatethechromogenetic properties of sulphur 
with the energy of combination, and more particularly with the energy left 
tmabsorbed foom the gross energy of the system, though in the ease of sulpliur 
"itself, the variations in colour may be due to the sizes of the particles, and variations 
ra intemoleculai structure. The colour of ordinary sulphur and of plastic sulplnir, 
,and'of thepolysnlphides; the yellow sulphur mono- and di-chloridcs ; the brownish- 
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red sulpliur tetrachloride ; the yellowish or greenish-yellow soln. of sulphur dioxide 
in cone. soln. of alkali or ammonium hydrosulphites ; the yellow compoxnxis of 
thiosulphates and sulphur dioxide ; and the yellow -compounds of sulphur dioxide 
with potassium iodide or thiosulphate are of interest. In the colourless sulphur 
compounds — sulphides, hydrosulphides, hydrogen sulphide, sulphites, sulphates, 
thiosulphates, and polythionates — H. Bassett and R. U. Durrant have pointed out 
that the sulphur atom is surrounded by a shell of 8 electrons, and the co-ordination 
number ranges from zero in the case of the S''-ions to 4 in the case of the sulphates. 
Hence the lack of colour is assumed to depend on the presence of an outer shell of 
8 electrons, and to be independent of the co-ordination number of the atom. The 
sulphur atom in colourless sulphur hexafluoride has an outer shell of 12 electrons. 
They assume that an outer shell of 10 electrons determines the tnsihlc colour produced 
hy sulphur, although the actual colour of a particular compound must depend on its 
structure and composition as a whole. Thus, the union of a 10-electron sulphur 
atom with one of 8 electrons may promote the colour in a similar way to that 
assumed by R. Willstatter and J. Piccard in organic compounds wdth a meri- 
quinonoidal structure. This is the case with yellow sulphur tetrachloride ; in 
potassium thiocyanate when associated with sulphur dioxide ; in tlic greenish - 
yellow sulphite soln. containing H2SO3.SO2 ; and in the yellow thiosulphate soln. 
associated with sulphur dioxide and containing K2S2O.3.BO2. Potassium chloride 
and bromide form colourless compounds with sulphur dioxide, so that the coloured 
compound with potassium iodide must be connected with the iodine. Sulphur 
dichioridc on this hypothesis should be colourless ; its yellow colour may l)0 
dependent on association in the liquid state — that is, the co-ordination of a molecule 
with the sulpimr atoms of other molecules. The colour of sulphur and the poly- 

8 

sulphides is based on a colourless molecule in which all the sulphur atoms have 

8-electron outer shells, or of a S : S.S-molecule in which each sulphur atom has an 
8-electron sheath. Hydrogen disulphide, H.S.S.H, is colourless, but in yellow 
hydrogen trisulphide, one of the sulphur atoms has a 10-electron sheath. It is not 
probable that the sulphur-sulphur linkages in themselves have any great influence 
on the colour because thiosulphates and poljrthionates have these linkages axid arc 
yet colourless. M. Delepine showed that, as a rule, compounds containing sulphur 
singly linked to carbon are not coloured, while those having sulphur doubly linked 
to carbon arc coloured if the molecule also contains an acid groxxp acting as an 
auxochrome — ep., the dithiocarbamates of J.* von Braun and P. Stechele. 
J. E. Purvis and co-workers showed that the bivalent S : C-group must be regarded 
as a powerful chromophorc — vide infra, absorption spectra. H. Lecher attributed 
the darkening of the yellow colour of diphenyl disulphide, (C6H5)8.S(CeH5), which 
occurs wlien this compound is heated, not to a dissociation into free radicles, or to 
a rearrangement of the atoms, but to a redistribution of the valencies. 

P. P. von Weimarn showed that sulphur dissolves with an indigo or blue colora- 
tion in water, ethyl, propyl, wobutyl, and amyl alcohols, acetone, glycerol, and 
ethylene glycol if these solvents are rendered alkaline ; with the last two solvents 
it is, indeed, unnecessary to add alkali, but this may come from the glass. When 
these solvents are neutral or acidified, no blue colour appears. Any soln, of a 
polysulphide becomes blue when heated if the solvent is not acid in character, and 
does not decompose sulphides in general, and by variation of the cone, and temp, 
such soln. may be obtained of any colour in the spectrum. The blue colour observed 
in the above cases and that exhibited by fused potassium chloride and sulphur, soln. 
of sulphur in ammonia or sxilphur trioxide, etc,, occurs when the linking of the 
sulphur in these compounds, which are classed together as sulphyclmtes/’ is 
weakenefl, that is, when the sulphur atoms approach a condition of freedom from 
combination. The blue colour may appear over an interval of temp, ranging from 
-~80° to +800°. W. Biltz referred colour to unsaturation. The subject was also 
discussed by W, Kossel, J. Meisenheimer, and Wo. Ostwald and R. Auerbach— 
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r/fA' tiulpliitr S(‘S(|iii(>xi<h\ P. \\ vnn Weitnarn inf<Tr«Ml from fho \vHl(‘ly 

(liflVnoit, iiaturo o( tlir \vlu<‘h form blu<‘ vM<»hu (»f wtilplnir, and I ho lua'oKsity 

of Ihidr D(\n<^ nlknliiir (n nonlral, that, iho colour is dun |o llw hiruialifui of poly- 
su!{‘lud«\s in wtiitdi the sulphur in hchl by a. specially wna-k linking;, Tho pr(^Hnncn 
(d siii(j:In sulphur atnnis or of cotulduniions of suli>hur atoun, not slaldn und(T 
(mdiunry eorulitioris, is ro^uanksl as possildo. 'Sdu* blue colour of suiphur .‘soscpdoxidc, 
(sohu of sulphur in sulphur tTioxi<hd undojf compounds of uitroyuui and sulphur 
(sohn. of sulphur iji Ihpiid anuuouia) is ludd fo ho <lno to Mu* sartio ooudtMou of the 
sulphur aioins. All such <ai!uppunds arc (*ml‘ra,<’cd hy tho turin .s‘u//d/ura/c.s\ nml thoy 
give ime sedu, A (’lassiticut ion of Iduo sulphur solu. is made in wldcln in udditi<ui 
to dm suii)imr;it<* group alroady d{‘Stu'ihcd, thrtu'^ oMum’ groups aro dohuod as ftdiows : 

(i) in which the <‘o!our is observed only hy ndbsdod light, ij\ duo to opnios.otunm ; 

(ii) lu which die <‘t)Iour is ohservod by t'rausiuitt»e<l light, bid. is due to tin* soattoring 
of light from coruparatividy I'oarso (sdloid, pa.rii(d<‘S ; and (iii) in whioli the ndoiir 
doponds tin tluirtdation botwtsm tin*' rtdracdnu coetT. of the dispt'rsing am! tlisporsod 
phasos '-vkh ‘o\Jhi^ sulphur scstpuoxhbu 

According to R. AiierluudiA colloidal salplmr is capable <d exhibiting various 
etdours (fcpeiidont on its dogivo of tlispcrsiou,, or tlu^ lintnuois td its partiolos. The 
c'.olour ohangOH arc well shown by adding a stdii, of d- 1 va\ of pliosphorti* acid of 
Bp. gr. l"7b iad*l)<’.c. (d water to u ()"05A''Solm of sodium thioHulpludo. 1’liore is 
first a ftsddo tnrhidiiy, then a ytdlowi.sh-bhio opn.losc<ni<nn nntl this is hdlowuHl 
Bucomssivoly by yellow, gremp rtsl, vitdot, and bhu^ mdorationK, and llmdly in abmit 
20 miniitCH, Bulpliur ivS pn‘(‘ipit.at.(sk As provionsly imlieat.od, 0. L. Bert hollet. in 
J, Dalton in 1H08, and d. W, Ddberoinor in iHi:b prcpansl a colloidal solution Ol 
sulphur hy the action of sulphtir dioxide on an aq. sola. <d liy<lrogon Bulphiile ; and 
H. W. *F. Wnek(uiro(l(u* ohni'rved that if tlu^ lupiid bo froi^cu and thawed, a great 
part hui not all tlu^ suspended Bulphur separates out; and if a mmtral salt of an 
allmli, like Hodium cldori<le, he added to llu^ noidio. liquid, all tlu^ wdphur 
is imTuediately jweoipitated in large flocks.’'’ Four ytuirs lab*r, A, Sohrero and 
FoSidmi mvestigatedthcHob and (sotudndod : 

If \eatcr is iid<le<l to ii, it divitk'H up, forming an omiilHion, from \Mdeh it <lnoH not* 
reparate outs, evt^rr on prolonged Htuii<ling (Hovernl montbH). . . . If a lit tltMtutoHum nohu 
of a noutnil poiaHwhuio or Mxlium sali^ is add e< I to tlm ouailhitun uulpluu' is itmueilinloly 
precipitated, hut, singularly, if as<idimn snlt is uh<sI, the sulphur iloon not Iomo tlo^ property 
of dividing itself r^p ugnin in wnt(*r. All that is nocessary in tt» dionmt t ho liijuid eonininmg 
the Kodinm Balt, an<l to womb the pr<*<"ipiiate soveral f4iu**s W'itli (lintdlod wider: after 
tho seeojicl or third wiiHhiug t he Hidphur (io<*H not Kettle oid, hut reg<nierati*H the emulHion, 
If a poiafisium Halt, i'HpcoiaUy the sulphate, bus heiui used, the proripitatotl mdphor Imn 
completely lost tho property of eumlHifying in water. . . . In Hpito of repeat od wiMdtitig, 
it alwiiyB rotawiH a truce of tho potawsiiirn mdphato iMuployed for Die preedpitHtion* , . . 
Tina enormous eprantity of sulpliur is, one w’onld b<’' iiudineil to nay, ilinsidved, for it hardly 
afloois tho limpidity of the liquid, , * , Sulphur can thuu InmniHUdei I in an ociratu'iliimry 
marmor by the BuhstaiiceH present at tho time of dopoHition* thene odbering oh«Mnatel>% 
probably by simple aclbesioiu ami can cither aequiro Die property of eiuulHif} ing in wuder, 
or assume a state of aggregat-ion which priwonts it dividing up tii water* It thus appeaw 
that aulpbiir exhibits phonoinena aualogons to tlioso obsorviul with many idlaw BnhMtnneeH* 
which poasoBS tho power of dinpemug and dividing theniselvcB In a liquid, without com* 
pletoly dissolving in it, m c.p, soap, starch, and pnissian bhie, on whit*h b\ Kelaii hiw pre- 
viously made obseivations similar to those now (lowadhial 1’hescf ari^ rehded to a 
set of phenomena which F, Belmi has elassed together tmdor Die uame of psoutlo-nohitions. 
The number of pseudo -soluble substancies motm to bo rather largo, 

H. Detus obtained the colloidal sulphur, which ho culled S-mdp/iur, by pftHsiiig 
hydrogen sulphide into sulphurous acid. Tho term S-Bulphtir is hero oruiiloycd for 
a variety of crystalline sulphur. K. Engel obtained it by the action of hydrochloric 
acid on thiosraphnric acid— C. A. L. do Bruyn used about 0-5iV41(!l and 
ObJV-Na^SaOj, and 'W. Biltz and W. Gahl also found that a colloidal soln. of sulphur 
is produced hy the hydrolysis of tbiosnlphuric acid (q.v.). M. Kaffo foiitul that in 
pidei to separate the soluble and insoluble sulphur, the tliioh, cloudy liejuid is diluted 
: ftonaewhet, heated to 80®, and. filtered through glass-wool. It is then left in a cool 
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place for 12 hours, again heated and filtered, and these operations are repeated 
until the whole of the insoluble sulphur has been removed. The end-product is a 
cloudy, yellowish-w^hite mass, which, on warming, yields a ]>erfectly clear, yellcAv 
liquid. On cooling, the colloidal sulphur separjites, and is removed by centrifuging, 
washed with a little cold water, again centrifuged, and dissolved in the least possiliie 
quantity of water. The liquid is neutralized by addition of sodium carbonate, which 
Ciuises the sulphur to separate, and, after centrifuging, a residue of very nearly pure 
so]u])le sulphur is obtained. On removing the sodium sulphate from the neutralized 
solii. by dialysis, the soln. becomes unstable and insoluble sulphur separates. Hence, 
a pure aq, soln. of colloidal sulphur cannot be obtained. Coagulation also occurs on 
the addition of various electrolytes. The sulphur precipitated by sodium chloride or 
nitrate dissolves on warming or on dilution, and that precipitated by potassium 
chloride, nitrate, or sulphate is insoluble. Precipitation does not take place, in 
general, on the addition of ammonium sulphate, nitrate, or chloride, or of sodium 
sulphate. Dilute un-neutralized soln. remain clear for long periods, although small 
quantities of rhombic and monoclinic sulphur are gradually deposited. Cone, 
soln. become cloudy in consequence of the separation of insoluble sulphur. 
M. Bafi’o and J. Mancini concluded that definite amounts of electrolytes are necessary 
for a stable sol. Potassium salts are more active than the corresponding sodium 
salts ; whilst these are a little less effective than magnesium or zinc salts. M, BatTo 
and G. Boss! showed that if the sulphur in a colloidal soln. is precipitated by sunlight, 
the electrical conductivity of the resulting aq. soln. containing sodium sulphate and 
sulphuric acid is very much larger than that of the original colloidal soln. When 
further quantities of the sulphates are added to the colloidal sulphur soln,, the 
observed increase in conductivity agrees, however, with that calculated on the 
assumption that the sul])hur is without influence on the added electrolytes. These 
facts seem to show that the sul 2 )hates originally -present in the colloidal solni are in 
some way associated with the suljfiiur. This condition cannot be attained by the 
subsequent addition of the salts to the colloid. H. Vogel, and H. Bevel modified 
the 2 >rocess. M. Schaffner and W. Helbig treated hydrogen sulj^hide with sulphur 
dioxide in a soln. of calcium or magnesium chloride ; I. Guareschi passed a mixture 
of hydrogen sulj>}udc and sulphur dioxide through water, and found that the latter 
becomes milky owing to the de])Osition of colloidal sulphur, which is precipitated 
in arborescent formation and falls from the surface to the bottom of the liquid in 
sx)irais, each of which is terminated by a ring similar to the vortex-rings. E. Dittler 
observed that when steam acts for a jirolonged period on pyrites or marcasite, small 
quantities of colloidal sulphur are x>roduced. B. H. Brownlee found that the 
amorphous sulphur, from sul 2 :)hurous acid and hydrogen sulphur, contains 79 to 82*6 
per cent, of insoluble sulphur. 0 . J. Fritzsohe, and C. Brame mentioned the utri- 
cular form of the particles of colloidal sulphur. ■ J. Stingl and T. Morawsky said that 
at the moment of separation the particles of sulphur have a sjfiierical form ; and 
iii the presence of salt soln., the spherules flocculate together. The action of the 
salts does not follow stoichiometrical law*s, but the effect is physical. The Chemische 
,Eabrik von Heyden jjrepared colloidal sulx>kxtr, for medicinal purposes, by pre- 
cipitating sulphur from its soln. in the presence of protective colloids, say an albume- 
noid, redissolving the product in a dil. soln. of alkali hydroxide, and precipitating 
by alcohol, a mixture of alcohol and ether, or acetone. A. Himmelbauer prepared 
colloidal sulphur by the action of gelatine or colloidal silica on a soln, of hydrogen 
sulphide ; L. Sarason, by acidulating soln. of thiosulphates in glycerol thickened 
with gelatine ; and by decomposing soln. of sulphur dioxide and hydrogen sulphide 
in volatile solvents— carbon disulphide or tetrachloride, benzene, etc. According 
to H, Vogel, the two gases are passed simultaneously into water containing a pro- 
tective colloid. The hydrogen sulphide is kept in excess, in order to increase the 
yield of colloidal sulphur and to reduce the formation of polythionic acncis. The 
size of the particles depends on the tem]>. of the liquid, and is loss than 2G/x/x when 
the temp, is kept between — and 4®. For storage, the soln. ate placed in closed 
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nHH'|)iu('U\s whilr. silll saUirnl-cd wii.h Miipliuio. 'I'Ik’ Akiirlujiaj^^t^i luiHstid 

a inixOin^ of tiiow^ two inlo (MiV-aruli ami pro^afiiiatot! I hr (a^lhhala I aulplnir 
with aodiuni (‘hlon<lo. Tha may Or <‘<)nv(‘r(o(i info a :<♦! in Mtt' UHiml 
way, ih Mayor Bat.uratca! a f(‘w <\<a of a iuihi. <»f hydraziun Mdphair uiili I’rotind 
md[)hur, nnd fMOirod a fow dropa of Dm' aolti, itilo ^;cvrrol litre;, u| \\ai<n\ with 
vip^tiroua aaho.iion. JA P. von Wriinani and oo worlo*rfi l»aao(l a [a'uorna f<tr pro* 
pa,i’inp: (‘(dloidal solo, of aulphur oa Mi<‘ rapi<l <*ond('nnat itai of (he rtiofm id Dio <lia- 
mdvod mi!)Hian(‘os wlaai Dio aolviaii, aloohol, ifi roplacod t>\ a diaporaion luodiuni^ 
waler, wluoh ciissolviaa the aolvouR hut diawolvi^a very liitio or nota* of the aiilpliur, 

If a eotun aoin. is addml to such a disporaiiin modiunn (ini- dinjaTeo partaidoa m 
ohtuinod, but. not rolloidal sola. K Miillor and UA NowakowaJvy pro pa rod eolhmlal 
.sehii. (d Hulphnr hy Dm eoDiodie diDnt-oyratien of a piiaa* of oidfdnir fiiood on the 
plaiimini ‘witP an (Mn.f. of 220 volts. T, Svo<lhorp also <ildaiued iIh' <‘olh*i<!td Hol 
iiy an oleciric. liiHc! largo ; and IL H. Willdnsoin hy oondmining t ho vapour in vaomn 
3A Nt'kera spraviMl a sola, of wulpluir in nsolvont. into a room hot onon^di to tworporato 
the Holvont. Wo, Osiwidd an<l 1. Kggor obtaiinal i.lio* <a4!oid hy pouring a, solin o( 
sulphur in hydrazino liydniic into hot water, and dinly/ini^ ( he produet*. 

The Thomson Oheinie.al Do. prepared colloidal sulphur by griiiding d, with a 
colloid— -say, 50 parts of sulphur, 5 of glue,, aiulfiOof water ; other proteidive etdloidB 
(uin be xisiuh—extract of soap-bark, Irish moss, gtun tnigaranth. or p'uu uraldu* 
The sola, is not precipit.ated by sulphuric avid, und m mwd m; an inseeiieide. 
lA Diumncel and II. (hiuthihro incorporated very hnely divided sulphur with a 
saccharate of an alkaline earth, and found that ilu' pnnluet is nuHoihh' with water* 
It is used for the trea-tnunit of vine diseases. W, hA Hxitherst and lb Philipp, and 

(A Klphick aiid J. lb Gray ])re|)arcd collohlal soln, of Htdjdiur from the poly- 
Hiilpludes, A. Mittasch and F. Winkler, and the Hevea Dorpinsnbion mi.Kod resin, 
soap, or other } protect ivo colloid with an iMpsobn of a polysulphule ami tluni treated 
the mirture with an acid ; and «l. Y. Johusoti used soap, gidntin, neMein, sulphite 
cclluloso ■waste liipior, glycerol, etc., as protec’-tive colloid, M. bora and M* dhuuayo 
olitained a Irydrosol by adding drop by drop with Bturring a hot alcoludic wdn, 
of HXilpluirto an equal vol. of a one per cent, sohu ol gelatin, and heating' the mixture 
xmdcrreducedpms. until half the alcoliol luulcvaporatmb A* C hit liier pnssml super- 
hmted sulpduir vapour free from air into air-fr<‘(*, water, a.nd obtained a white 
sulphur hydroBol containing up to 0*082 per c<‘nb H. The soliu Ims an aeidic reaction 
owing to the presence of traces of polythionic a<ml and, water, Hols willi a higher 
sulplinr content— up to 0-85 per cent,— were nuwic by cmnhoiMiug sulphur vapour 
in dil soln, of organic protecfciv<i colloids- 0*5 pen,’ emiiu siifHinin or a I u) per cent, 
soln. of starch. BC* Hauson, A. J. Auspteer, lA lA von Weimarn iind H, Ut7iao 
studied the colloidal sulphur soln. obtained by grinding nulphtir with dextrost", etc. 
S. Boginsky and A. SclialnikofF obtained tlic colloid liy condansing thti vapour on 
a surface cooled hy liquid air. 

According to IL E, Liesegaug, if a few drops of a 25 per cwit;, snhu of citric^ add 
be placed on a thin layer of a solidified soln. containing gelatin ami Hodinrn thio- 
sulphate, the precipitation of sulphur which roaults from tln^ dillnsion of the acid 
is accompanied by the dcTelopment of colour eflects. In irfinsmittiHl light, tlm 
colour is a deep lilac-hlue. The colour is not due to interlermnny but tippears to he 
determined by the size of the colloidal particles. After about twenty-four hours, 
the colour effects disappear, and this is supposed to be due to the conversion of 
S/A into Sy. A. Lottermoser exanamed the particles with tlie ultramioroacopc. 

Zsigmondy measured the osmotic pr^^ssure. S. Oden showed that in the coagula- 
tion of colloidal soln. of sulphur of different degrees of disporHimi, the comv of 
electrolyte necessary for coagulation increases as the suspended phase becomes 
more highly dispersed. The stability of the sol towards sodium chloridx^ and 
hydrochloric acid increases with the dispersion of the sol ; but S. Utzino found that 
the maximum stability does not occur with colloidal soln, with particles in the 
finest state of subdivision, S. Od4n prepared sulphur hydrosols with particles of 
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nearly nniform Bizes. In T. Svedbcrg's relation between the solubility, <d 
colloidal sulphur, the temp., 9, and the couc. of the dissolved electrolyte, 
where C denotes the percentage cone, of the colloidal sulphur ; and 9q and k are 
constants depending on the degree of dispersion of the hydrosol, and the cone, of 
the electrolytes in soln., it was found that for a given dispersion, k is nearly inde- 
pendent of the cone, of the electrolyte — sodium chloride — whilst Oq increases with 
the quantity of the coagulant. For a given cone, of the salt, k and 9^ diminish as 
the degree of dispersion of the hydrosol increases, the rate of diminution of 9ij being 
much greater than that of L The addition of acids in small quantities reduces the 
value of do, while k remains unchanged. If tlie particles are of different sizes, the 
equation no longer represents the relation between the coagulum and the soln. 
on the temp. 8. Oden studied the sp. gr., the viscosity, and the surface tension 
of colloidal sola, of sulphur ; D. N. Chakra varti and N. R. Dhar, the viscosity ; and 
P. P. von Weimarn and S. Utzino found the life-curves of dispersed sulphur 
supported the theory that adsorption and chemical forces arc essentially the same. 
G. Quinck found that the particles have a negative charge and travel cataphoretically 
to the anode during the electrolysis of a colloidal soln. of sulphur. 1. Parankiewicz 
calcuhited the elementary charge on the particles to be of the order 10 
electrostatic units; R. Bar gave ; and K. Wolter, 4*8x10“^®. 

A. F. Giierasimoff studied the electrical endosmose of sulphur sols. I). N. Chakra- 
varti and N. R. Dhar found that the sp. electrical conductivity of a sol of sulphur 
with 3’6 grins, of sulphur per litre changed from 3*84 X 10"”^ to 3*06 X in 89 
days, and the viscosity changed from 0-00989 to 0-01054, 

P. Bary said that colloidal sulphur in the form of a limpid liquid is a hydrojihilic 
colloid, capable of absorbing water. This absorption is favoured by the presence 
in soln, of small amounts of salts of univalent metals, whilst it is prevented by the 
action oE salts of bivalent metals. Such colloidal sulphur is not pure sulphur, but 
a compound containing sulphur in a highly polymerized state. The compounds 
are easily dissociable, and only exist in aq. medium in the presence of substances 
which limit their decomposition. When the swelling of the grantxles, due to the 
absor])tion of water, becomes small, the granules lose their transparency and the 
liquid becomes milky and loses its stability. According to II. Frcundlich and 
P. Soholz, colloidal sulphur obtained by the interaction of liydrogen sulphide and 
sulphxxr dioxide, or by the decomposition of the thionic acids, are hydrophilic, whilst 
that obtained by pouring an alcoholic soln. of sulphur into water is hydrophobic. 
Hydrophobic sulphur is negatively charged, and it is coagulated by electrolytes 
according to the general laws concerning the coagulation of hydrophobic sols, 
namely, (i) the strong influence of the adsorbability and valency of the cations, (ii) the 
strong effect of the hydrogen-ion, and (iii) the slight effect of the hydroxyl-ion. The 
sols may only be prepared in relatively small concentrations, the coagulum is not 
peptized by washing with water, and the sols may be preserved for a day or two 
only. The coagulation of the hydrophilic soln. is markedly different ; and the 
difference is shown mainly in the following points : (i) alkali salts have a ton to 
twenty times weaker coagulating action than with Weimarn’ s sol ; (ii) the lyotropic 
series of the cations is well-defined ; lithium-ions have a very weak coagulating 
action, whilst sodium-, potassium-, rubidium-, and cscsiiim-ions are markedly and 
increasingly stronger ; (iii) acids have a still weaker coagulating action than the 
alkali salte ; (iv) alkalies convert the hydrophilic sol into one with properties similar 
to those of the hydrophobic soL The assumption that the micellso of the hydrophobic 
sol consists of A-sulphur and those of the hydrophilic sol of /x-sulphur is not sufficient 
to explain the differences, because the behaviour towards either bases is not 
explained. A possible explanation is that the hydrophilic sol contains pcntathionic 
acid, while the hydrophobic sol does not. The presence of pentathionic acid is 
proved by (i) the acid can be detected in the filtrate from coagulated sulphur by the 
fact that on the addition of alkali more suiphxxr is deposited ; (ii) prolonged action 
of alkali on coagulated sulphur or sulphur micelkc brings about the formation of 
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iiruwulpiiut.e ; ihh action ia brougbt about, hy amnnunn without aulphnr it, .salt 
bcinii; niarketlly jiitacked. H» in probnldo that, the fHMdal.hionit* a<'i(l lu 
in tlu‘. Kulplitir part Hiuc.o t.his Hul)Ht,uiu*o in very dillitujil lo roiuovo hy wa.oliin|r. 
''.rtic (junuiii.y of {)ont/{it.hi<niit’ acid bound |.o t.lu^udpbur ia fninui to 1 h* 0*j to 0*7 
inilliinoL ])cr gram of wdpluir. Tim inthicnoo of {Huitailuonic arid <m t stability 
of ilm hydrophilic aol is cx])bMnc(l by assuiuiug t hat, ihiu acid baa a con if ut ion 
cloHcly rcladcd to i.iiai; of water and sulphur, a,ud Ibciadon* facililatca the furiuation 
of iniV.dbc, wliicb, in addition to sulphur and juaitalhiouic acid* <’ontain large 
fpiuiititicM of water. The greater \vah‘r (n)nt.eut of the bydn^pbilic r.td i:; indicated 
by its greater trnnspareiiey when compared wdth a bydroplnddi* c.ol of e<|iinl sulphur 
conicEit. The inicelhc ar<i n^presmitetl by 


irydconhunitton 




Sy 
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This hypothesis explains the behaviour on coagulation when (i) alhalicr. detoanpoHe 
tlie peBtathionie acad, whereby the. loose <*,()inhmHti()n hot vvetm ilu' anlpbnr and water 
is also disturbed and converted into one wliicdi is similar to that of the hvdropliobie 
sol; aiui(ii) acids have such a feeble coagulating po'wna* las’iiusc they numai.sc the 
stability of the pentathionic acid anfl pro<luce nune ptmtnihionic neni fnun the 
pentathionates which may be presiuit, Tlie Hiruetain". idsi» is in ket^ping with 
the fact thathydrog(ni sulphide has an action on t.he sol siuiiin r h* ( hul of tlie nlkalicH; 
that is, it converts it into a hydrophobic sol which is uiiudi huis stable ht'cause tlie 
peiitathioiiic acid is decomposed by hydrogen sulfihide with Hcpandiou of atdphur, 
Furtlmr, sola of the same nature as hydrophilic sol are obtain#d by nnudioiiH whkdi 
produce both sulphur and pentathionic acid; hir e.Katnplc, t.he (haHunptnsiiion’ 
of sulphur monodilorido hy water; riSdUodTHIyO r>K | | HUHl The 

stability of hydropliilic sol, which is due to p(mtathi<mi(* neid, does not <lcpeud <m 
the charge of the micellm. Whether or no hydrophilic .sol c'ontnins cannot be 
definitely suiswcrcd, although the yellow <mltnir of the so! rnnkess it extreinely 
likely that this variety of sulphur is presetit. The ]>epti/uitton and congulati<»n of 
sulphur hydrosola was studied by A* (Jutbicr, F. (h L. dlioriu' ami mi work(*rs, 
A. Foddr and R. Rivhii, A* von Bu?;agh, (b RoHsi, Wo* Ostwuld, N* N. Afuircelh 
A. Ivanitzkaja. and L. Orlova, H, Odfm, B. (Khosh and N. H. Dhar, A* von Hur.ngh, 
ILB. Weiserand (1. E. Cunningham, W* A* Dortniau, K. I wane, IF Frcundlich, and 
G- Rossi and A. Marescotti. I ])* Garardaml h\ M. ( kdt hiuml that wdn. of mdplnir 
in benzene, toluene, xylene, kerosene, acetoius an<l ethyl aeetat.e were preparctl hy 
the reaction between hydrogen sulpliide ami sulphur dioxide, dTe benzeue hoIh 
had a deep yellow colour and contained 1 *4 to T8 per emU of sulphur. At the end 
of four months, one sample gave no indication of eoagulaluon ; it. whh alTcnl.ed little 
or not at all by the electrolytes and organiii 8ubHl.ancu»H whi<-h were iricHl m 
coagulants. When the benzene, was removed hy eviipt^ration, there renmiiifsl a 
wsticky, yellow residue of amorphous sulphur, which could n«»t be re dispersed in 
benzene. It dialyzed more slowly than dissolved sulpluir tlinmglr imuubraiiCH of 
ox-bladder and of cellulose acetate. It seems doubtftil wdieiher cither water or 
acids is responsible for the stability of these sols. K. Iwase studh^l the action of 
mercaptan on the life-period of the sol. L, S, Bluitta and co workers obsi^rvcd 
that the addition of gelatin first makes the colloid morc^ HcuHitive to (ionguhd.ion 
by potassium chloride, and with more gelatin, the Bolm be^ccuncH staldcu 

F. L. Bxowne ascribed variations in the heat of coagulatioxi of a Hulphur li yclrosol 
with the coagulant and with, cone,, to the heats of mixing (d the coagulants 
with the polythionic acids in the sols, as well as to incidental changes in ndnorption. 
Sulphur in the coagulum is in the same allotro}>io state as in the Bob (b Ktwsi 
examined the coagulation of colloidal sulphur soln. by elcctrolyks. The luiiount 
of potassium chloride or bromide required for jflocculation increiws with the prfi- 
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jjortions of sulphuric acid and sodium sulpliate present in the sohi. The quantity 
of ])otassiuni permanganate adsorbed by sulphur is greater with dialyzed than with 
iion-dialyzed sulphur. J. Traubeand U. Rackwitz discussed the action of protective 
colloids. M. RafTo and G. Rossi showed that with a series of salts of the same 
metal, the x^recipitation increases with the formula weight of the anion — but 
nitrates are exceptional. The amount of sulphur precipitated by a iix:ed quantity 
of the same electrolyte decreases as the cone, of the sodium sulj^hate and sulphuric 
acid increases. The sul})huric acid and sodium sulphate are regarded as crystalloids 
of formation. The electrical conductivity of a soln. of colloidal sulphur containing 
sulx)huric acid and sodium suli>hate is lower than that of a similar soln. containing 
no colloidal sulphur. The h.y). of a soln. of the same kind as the above is lower 
after the colloidal sulydiur has been removed than when the colloid is j)resent. 
Further, if a colloidal sulx)hur soln. containing sulphuric acid and sodium .sulphate 
is dialyzed to remove the electrolytes, and the same amount of electrolytes added 
to the dialyzed soln., then the electrical conductivity has the same higher value of 
the soln. from which the colloid has been removed. Hence, the action of the colloida I 
sulphur extends to sulphuric acid and sodium sulphate even when these are present 
in quantities larger i/han those required to stabilize the sol, provided that the excess 
of these substances was x)reseiit when the colloid was formed. Additional quantities 
of these substances added after the formation of the colloid are not affected by the 
colloid. It is therefore assumed that crystalloids, in the form of sulphuric acid and 
sodium sulphate, undergo a change in their physical nature in the presence of 
colloids, which is shown by a reduction in the electrical conductivity and the 
osmotic press. H. Rinde studied the adsorption of ions of colloidal sulphur. 

H. Freuiidlich and E. Sohalek measured the viscosity of colloidal soln. of sulphur ; 

I. Lifschitz and J. Brandt, the refractive index of colloidal soln., and found the 
/.L-formula gave more constant results than the ft^-formula ; N. Pihlblad measured 
the adsori)tion of light by soln. with particles of different sizes. Colloidal soln. 
containing x)articles for which the average diameter is 550/x/x, give a flat absorx)tion 
curve without any evidence of a maximum. For particles of average diameter 
==160//jLc, the absorption is greater, and a maximum occurs at A==340ju.^ ; for 
particles of diameter— 110/xpc, the maximum shifts to A=280/qa ; and for more 
highly dispersed soln., no maximum was found within the limits of observation, 
but with diminishing size of the particles, the curve of absorption apx>roximates ' 
continuoi-isly to that of a molecular soln. G. I. Pokrowsky studied the dispersion 
and x)olarization of light by sulphur suspensions ; and Y. Bjornstahl, the bire- 
fringence. G. I. Pokrowsky found that the disj^ersion of the particles produced 
by the decomposition of thiosulplmric acid is in agreement with Lord Rayleigh’s 
theory of dispersion. P. Lai and P. B. Ganguly studied the action of xiltra-violet 
light on the colloid. 

When sulphur is heated, it melts at about 115° to form a brownish-yellow, 
transparent, mobile liquid ; as the temp, rises, the liquid becomes more and more 
viscid and at the same time it becomes dark reddish-brown, and is no longer trans- 
parent except in thin films. Between 220° and 250°, the sulphur is so viscid that 
it does not run out when the containing vessel is inverted. At a still higher temp.> 
the sulphur again becomes more fluid, but not so much as it was at 120°. It also 
acquires a greater transparency, but remains brown. If this liquid, or if the viscid 
liquid be suddenly quenched by pouring it into cold water, a soft, elastic product 
is obtained — plastic sulphur — ^which hardens in the course of a few days. T. Irodale ® 
prepared elasitc sulphur by treating powdered sodium thiosulphate with one- half 
its weight of cone, nitric acid, and after the reaction is complete,, adding water 
and washing the product. A yellow, elastic, transparent mass is obtained which 
after distension to four times its length will regain its original form. Cooling to 
0° makes it opaque and brittle, hut heating in water to 100° reproduces the elastic 
characteristics. Alter 24 hrs., it passes completely into the crystalline form. 
P. P. von Weimarn found that when sulphur at above 400° is poured in a thin 
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Ht iuniiu iiitiO li(|uid air, it Ls obtanuMl in tlu^ form of a tdiii ilu'oud nf (iiniiK^ior 
! nun. When retnoved from the rujuid air, thm tlirejul in «juite :iud 
lint, wlum the temp, riwes Homewluit, it a.aHumoH eKtraunliaary alani Thia 
Kiilphur ha.H a polishtal aurfaxu*, arul appiMirs pale ;Lp'ey in r«*(hT|,(‘<| liplp, mnl pak 
yellow in tramniiited light, being (aunpletely trani^mn'iif. and widmiil. r.igji of 
opalescence. Tin'; maximum extension of a tlin'ud about 1 mm. in dianieter Jh 
approximately 5*5 tinn^.s the original huigtJi, and if the ('xioa,‘i<u! i:: h*:;-; than tlu' 
nuixitmim, the Ihreaxl is ahie to return aJmosi. I<i it?: orifpnal len*d!n d'he ehiMlicaty 
is lost in about half an hour after the tlinvad in nunov<Ml from the li(|n}d air, th'o 
Biilplmr then becoming plastic and remaining m for about twenl v four lioura. 
According to J. Diissy, when liquid nulphnr, te-mpiumd botvveun Ib7 ‘ and 175^\ 
Bolidilhxs very rapidly, it has a characteristie vitreous aqqMMrain'(\ >SuIphur heated 
to 220'^, ))Oured suddenly into cold water, and allowed to root in rontaet with it, 
yields an outer layer of plastic sulphur, an int,erm(Mlia1e la.yor of rdruoux 
and an inner core of the prismatic variidy. Thin viivtnnvi form aeimifi in h(^ tlni 
analogue of the well-known vitreous selenium. A. Wigand rt'ga^’dcil plant ie, sulphur 
as a liquid with a very great iuternal friction, (b Magmun and < rl. St, ( Deville re- 
garded plastic sulphur as a soluble variety of amorphous mdplunn M . b. Knudoudnniu 
explained the change in the viscosity of molten sulphur by asmmung that, at 
wliero a break occurs in tlu^ heating <mrve, a new liquid niale of nnlpl ur appearn. 
The new liquid variety of sulphur informed at l,7d", and an inercaning |>ropoiiion k 
produced as the temp, rises, lie said that bctwtnm 170" and t he masH is an 
emulsion of minute droplets of two ii<imdH, and owes its viMronify to I be ascendcinsy 
of the surface ])roperties over thovso natural to eitlnu liquid tuk^m nepanitely, But, 
according to the phase rule, one substaxuic caruml; exist in 3 pbu.Mo:! two liquid 
and one vapour — except as non-variant Hystem which cannot, have an ('xtended 
region of .stability. J. H. Kasile and W. P. Kelhyy said that plaMl.ir. J4nlphur 
is composed of several moleciilarly tIilTenmt kiiulH of sulphur, all of vvhhdi aro 
amorplions. 6. Quincke assumed that there are four forms of sulphur winch are 
stable respectively between the limits 0‘’ dKb, Dd'-HK)'*, IGib BIHf', ami 
further, that liquid sulphur has a jelly-like ludlular st-ruct-ure, ami re.prcwmfes a 
mixture of solutions containing these allotropit^ modilicatrions in <li{Tin*i‘nt propot- 
tions, the several solutioiiB being separated by limiting surbns'H in which surfawn 
tension forces play an important part. At one and the sarne t.cnip., litpiid sulphur 
may contain soln. in which these modifications are pnwtmt iti proportimis, 

this being determined by the previous physical treatment of the sulphur. 

C. M, Marx observed irregularities on the heating and C’.onling nirviM of sulphur ; 
and M. L. Frankenheim showed that <litlmmt specime.ns gave dilTcrcnt resuita 
which he attributed to irrcgulariticB due to unequal In^ailng or enoliug owing to 
changes in the viscosity. All specimens agreed, howev<u\ in giving marked absorp- 
tion of heat on the heating curve at 250^-260*", and on cooling, an evolution of heat. 
C. J. St. 0. Deville, on the contrary, found the behaviour at 2Wr qtiitn normal, 
but he observed on the heating curve an evolution of Imut at \ and alio 

at 180'^-230° ; while the cooling curve gave a slight evolution of luait at 24(f 210^ ; 
an absorption at 180M60'’ ; a slight evolution at 1 OCf ; ami mi almoridion at 
146®-p5°. He considered the evolution of heat between 24tr and to be the 
only significant part of the phenotnona, and this he atiributiwl to the groat viscosity 
of sulphur between these temp. K. Schaum observed a mdable absorption of heat 
near 168°. A. Smith and W. B. Holmes showed that the is so sensitive to 
the effects of various degrees of superheating, and undercuuling, tliat oven wliea 
the sulphur is constantly agitated, the results are of im vahu^ in cHiahliHliing thi 
existence of transition points. 

As indicated above, when molten sulphur is cooled^ rhombic. cjryHtals of a*Kulpbur 
separate if the temp, is below the transition point, and monoolinio oryntak of 
^hove that temp. This subject has been dismissed lij U* Braw, 
P. Schiitzenberger, J. Fritzsche, etc. D. Gernez showed that i! fch© uiidarcookd 
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liil^uid be seeded with rlionibic sulphur, the rhombic crystals will form and separate ; 
similarly aJs( ) with monoclinic sulphur. R. Brauns observed that during the freezing 
of molten sulphur monoclinic and rhombic crystals, aggregates of radial threads, and 
trichitie. aggregates — Le. hunches of hair-like crystallites — may be formed. P. Gau- 
bert said tliat if sulphur bo heated above 160*-', and then suddenly cooled, a modifi- 
cation is produced which is slightly birefringent, and is blue by transmitted light. 
The blue colour is due to the librosity of the spherolites. Amongst these spherolites 
are some formed hy very slender fibres having a spiral winding. They exhibit 
numerous varieties, but it is possible to obtain perfect spherolites the crystalline 
])articles of which are wound round the mean index. The fibres rarely show more 
than three turns in the winding, the distance between the coils varying from one 
spherolite to another, and generally not exceeding 0-2 mm. Some amorphous 
sulphur, iiisoluble in carbon disulphide, is formed if the molten sulphur is heated 
above its imp. According to B. C. Erodie, the formation begins above 120*^ ; 
(J. J. St. C. Deville said at 150® ; and M. Berthelot, at 155°. In order to obtain a 
maximum formation of the insoluble sulphur, the molten sulphur should be heated 
until the viscid mass has become a mobile liquid, and then rapidly cooled, and the 
sulphur should bo kept in a molten state for a long time — J. B. A. Dumas said at 
230°™26()® ; 0. J. St. C. Deville, at 260° ; A. Schrotter, at 360° ; and B. C. Brodie, 
at the b.p. The formation of the insoluble sulphur, said C. J. St. C. Deville, pro- 
ceeds slowly at 155°, but is rapid at 170° ; and no more is formed by heating at a 
higher temp. Quenching the molten sulphur in cold water furnishes about 35 per 
cent, of insoluble form; Q. Magnus and R. Weber said 46 per cent. ; and A. ymitli 
and W, B. Holmes, 51 per cent, when a stream of burning distilled sulphur is 
quenched in ice. A. Wigand observed that a sample of plastic sulphur kept for 
2 days contained 89*8 per cent, of insoluble sulphur, and when kept for 2 years it 
container! 29-6 per cent. M. Berthelot regarded the formation of insoluble sulphur to 
be a kind of 'per salium change at about 170°, for only a trace appeared at 155° ; 
very little at 163° ; 25 per cent, at 170° ; 29 per cent, at 185°-205° ; and 30 
per cent, at 230°, and between 220° and 448°, the amount is fairly constant — over 
30 per cent. On the other hand, A. Moitessier found the following percentage 
amounts of insoluble su]j)hur were formed by quenching molten sulphur at the 
indicated temp. : 

143 ’ 148 - 0 ’ 309 * 9 ’ 107 - 4 ’ 179 - 4 ’ 213 - 5 ’ 249 - 9 ’ 284 - 9 ’ 440 ’ 

•^iiwoluWo * ^ 

M. Berthelot believed that the reason the amount of insoluble sulphur obtained 
above 170° falls short of 100 per cent, is because the cooling is not sulhciently 
rapid. By using a fine stream or a succession of droplets he obtained 61 per cent. ; 
hy cooling in ether, 71 per cent. ; and if the cooled naaterial be immediately tested 
with carbon disulphide, 85 per cent. — ^if the material giving 85 per cent, be extracted 
3iext day it gave 45 per cent,, and if extracted 2 days afterwards, 39 per cent. On 
the other hand, A. Moitessier, and A. Smith and W. B. Holmes showed that 
M. Berthelot erred when he found no insoluble sulphur below 170° ; and the method 
of extraction with carbon disulphide is quite unreliable when the sulphur is in a 
plastic condition. F. W. Kuster obtained 34-2 per cent, of insoluble sulphur at 
448°, and K. Sohaum, A. Smith and W. B. Holmes, and F. W. Kuster symbolized 
the reaction in the molten sulphur : Singoiubie^Sgoiubi©- The formation of 
insoluble sulphur is said to be endothermal because the proportion of the soluble 
converted into the insoluble form increases with rise of temp. M. Berthelot observed 
no thermal change at 18° ; between 18° and above 160° there was an absorption of 
heat ; and above this temp, the transformation of soluble into insoluble sulphur 
is exothermal. According to R, Huerre, amorphous, insoluble sulphur is converted 
into the soluble form by heating it to about 100° with animal or vegetable oil, or 
with a 10 per cent. soln. of so^um sulphite, or with water alone. M. Berthelot 
found that the passage of insoluble into soluble sulphur is hindered by keeping 
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it in coiiiiaci with funiinp; uit*ri<‘ or 8 ul}>Iiur<MK-i TUr jUM'.aiH of 4 (rare of 

iodine favoura the forrnatuni of inaeluhlt^ ,sui|dnu\ A. Sniidt oud \V* It 
also observed that the formation of insoluble .stdplmr <b*}Hoi(h «hi flie {U’eseum or 
absence of foreij^n inattm. Kt>r insl.ane<\ hydnijoni (‘hIori<le. ,ur, ..ui|»hur dioxide 
passed through the niolieu sulpimr itienMises iln^ yhdd, do(^;; |»\ ro|ih<jsphorie 
acid; solid alkalies^ nitrogen, and carbon dioxide bn\cr (he yield; hy<lrogeii 
sulphide greatly rel-artis tluj transformation <d soluble to iiu.uluhle sulphlir ariid 
ammonia inliiluts it ajtogel.her. A. Smith and W. li, lloluus-i explained the peculito 
behaviour of niolttm sulphur on the assumption t lud^ liquid sulphur can exist hi 
two states which arc pariiaJly, Imt only parilally, nuHiahha dhe one i-i a pale ytdlow, 
ynohile liquid which is the normal a.]>ptxira,nctM>f molten, rlumdue sulphur ai tem|a 
below IBOd This is called A sulphur, or S4, The other is a browm viseid liquid 
called /r-sulphur, or S/t. Amiording to A. Stnith a.nd <h M. (hmom llu' proportionol 
insolnhie in the exjuilibnuin mixture is raised l)y tin^ addition of iodine, 

Thus, wdth two part.s of iodine per ,100 parts of sulphur, tlie following r(\sultH were 
obtained : 

'Xomperatiiro . - . ttsT’ *jno ‘ nio U bs' 

Sju without iodiiH' - . <h7 1*1 *0 ^0*1 ^Md p(a‘ rent. . 

Sfi w'i eh iodine . , . Ki*8 lil-l -jT-O hb2 Ce,P7 ^ 


Accoi'ding to A. fsmith a-nd W, Ik llolnu's, asmall anmmit of I4u^ bd-ter is formed 
as soon as tlic sulphur melts, and it appiairs in inenoiHing, piaqauiions as the temp, 
rises. Tlmactual proporthm is detenuiued liy Idu^ nwersihle ri'aeiion S 4 . 'Hft. Ai 160*^ 
the has lie, come a sa.t. soln. of the piaqmrt-iou of 
vVi? »pp-j jj j lattm* at this l<*mp. pimbably n«d. e.\<"(‘ediug Oi pet 

^ i ^ * cent. When tlu^ tionp, is rnisiMl iHqvoml this point super- 

"I I saturation with ensues ami a new phase eonsiMting of 

I /^ 5 > "V i ^ d/t, in whh’.h is dissolve<l a eerinln proportion of H 4 , iirisOB. 

^ .1 -.1., According to the pluise rule, with one Midatlnnee, three 

/^}o'^ idiaseH (two liquids and vnfHnir) (‘an coexist only at a 


Fio. 7..-- Solubility of definite temp.- tlio transition point, (Oh)'*). Hmate, iihovo 
A- and /i-Bulphur in JCO*'* only containing uiuountH of disaolved K,\ which 
1 riphexrylmothano, become smaller as the; temp, ristm, is stable, Hnpid lumting 


and the presence or absence of certain foreign subst.aiic*eH poHtqmne tlu^ transition 
of.Syx to Bx and lead to the familiar variations in tht» t,einp» at whiesh the sudden 
viscosity iirst appears. Conversely, rapid cooling from tmup, above IGO'^ par- 
ticularly when certain foreign bodies are prmmi, postpones the (mnsition of 
to S;^ and hinders or prevents almost entirely the oecunrinme.c of the eiuinge oil 
which an extensive transformation into S;v tlejamds. Wlien «‘ou<lit ioim are favoumble, 
a large proportion of the S/x may survive to reach the ordtnar}^ temp, lllio chilled 
product is then a more or loss nticky mass which in time part ly revi'irtH to soluble 
sulpliur and partly assumes a qnasbsolid, difibultly-BoIublc foriu. The fatter sub- 
stance is that commonly Icnowii as amorphous sulphur. lake all lunorphcma 
substances, it is a supercooled,stato of a Ihiuid, naiiudy, The part which reachtf 
tie condition Bx gives brittle, crystalline, Boltible sulphur when it rtoUdificK. Ourvei 
representing the effects of viscosity, tbennat e^paiiHion, sedubiliiyi vap. prM.» 
refractive index, etc., and the temi>. of molten sulphur, all taka cm a ncwdiuudioMi 
on account of the apparent transition occurring imar since A*Hii!pliur pw- 
dominate below 160^, and/x-sulphur above thattoinp* A. Hmith and (I M. CJarson^S 
observations on the solubility of the two forms in triphcnyliuethano iirt^ illustrated 
by Fig, 7— the solubility of A-sulphur increaseH while that of ft««ulphur docreaws 
with nae of temp, A. Bmith and co-workers, and F, Ihdfmium and It, Kotbe 
observed that a terrace indicating an absorption of heat, sliowcd on the heating 
curve, from 161-7° to 157-5^; and, on the cooling curve, im irregularity uvmrsm 
between 159*5® and 145°, If the cooling liquid be properly Htirred to eliminate th# 
effects of undercooling, C, M, Carson observer! no ^regularity in the rate of cooling ; 
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and the thermal change indicated on the heating curve is greatly iritlu<3nced by the 
presence of foreign substances. If molten sulj)hur be heated rapidly, say 2"^ per 
minute, and then chilled, the proportion of /a-siilphur in the product is much below 
the e(|uilibriLun value ; thus, 

Temp, before chilling . J21‘’ 154'^ 15G'’’ 1150° 1()2' ] (>r» ' 

o 1 I (ohservx^d . 0*04 5-4 5*7 - - (v 1 7*5 10 3 per cent, 

ttoi'oquilibriuui 3-75 7*5 8-0 iO-7 13-5 ir>*5 10*7 „ „ 

The inference is that when sulphur is rapidly heated, the cone, of tlie /x-sulphur 
is about 4 j)er cent, less than that required for equilibrium uj) to about i67'''“-at 
iiigher temp, there follows a more rapid formation of /x-sulpiuir, and the liipiid 
begins to become viscid. If the liquid is heated slowly the/x-sulphur does' not diller 
much from the equilibrium value, a raj^id formation of /x-sulplmr does not occur, 
and no break occurs in the heating curve curi (‘spending with a sudden endothenmil 
change. The apparent separation of liquid sulfduir into two phases was found by 
A. Smits, and H. L. de Leeuw to be brought about by the diflerences in tenq). 
which arise in a column of the liquid, owing to the bad conduction of heat. In 
reality there is no formation of two piiases, the diflerences in colour being accounted 
for by the differences in temp. ; and, contrary also to A. Smith and co-workers, 
H. R. Kniyt assumed a meiastalde region of ])artial miscibility. The subjc'.ct vva,s 
studied by P, Mondain-Monval and P. Schneider. 

H. L. de Leeuw showed that there is no satisfactory 
evidence for the assumption of a region imsci])ility in 
the liquid phase. The occurrence of two lic^uid layers 
is due to differences in temp., which may amount to 
and which is ])roduced by the poor heat-con- 
ductivity of molten sulphur. When the thermal con- 
ductivity is increased by the introduction of platinum 
wire or gauze, the phenomenon occurs very indistinctly 
or not at all. The transition temp, from rhombic to 
mouocliuic sulphur is lowered from 95*45® to about 71® 
by rapidly cooling sulphur from its b.p. so as to ensure 
the presence of a large x>i^oportion of /x-sulphux. As 
the proj)ortion of /x-sulphur decreases, the transition 
tcinj). rises until it reaches 95*45®, which is regarded as 
the true unary transition temp. Similarly with the 
m.p,, H. R. Kruyt observed that rhombic suljihur in 
etpiilibrium at 90® has a m.p. of 110*9® ; and when the sulxihiir had attained 
e( 3 [uilibrium at 65®, the m.p. was 111*4®. These results are in harmony with 
A. Smits’ theory of allotropy which assumes that equilibrium in the solid rhombic 
phase involves a state of equilibrium between various allotropic components. Let 
Sf and denote these tw'o components, the conclusion that the lower the temp, 
at which the inner equilibrium is established the higher the temx). which the 
phase commences to melt is then illustrated graphically by Fig. 8. A. Smits, 
and H. L. de Leeuw hawe made tentative,* ternary, equilibrium diag:rapm to include 
more phases than those indicated diagrammatically in Fig. 8. 

According to J. B. A. Dumas, sulphur which has been fused at various temp, 
and then quickly cooled in single drops by immersion in cold water, behaves as 
follows : at 110®“170®, it solidifies to a yellow mass the colour of ordinary sulphur ; 
at 190®, it is first soft and transparent, but quickly becomes brittle and Ox^aque, 
and acquires the colour of ordinary sulphur ; at 220®, it becomes soft, transparent, 
and brownish-yellow ; at 230®-260®, it becomes soft, ductile, transparent, and of a 
reddish colour ; at the b.j)., it becomes very soft, transparent, and reddish-brown. 
All depends on the temp. ; the time of fusion has no perceptible jTifluence. If 
sulphur be poured into water in large masses, the inner x>ortionB which (5ool slowly 
solidify as ordinary sulphur ; rapid cooling prevents crystallization. According 
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INOlUiANICl AND TilKD,RIWr(tA L VUimiHTRY 


lc» 4, viscid sulphur is into oil il- cnvnNnl wMi 

\V(4t dcvclo|MMl cryslnLs iiud loses its triiuspn rrncy. D* d. Dox ilio observed 

iluU; the sp» <if r<‘r(‘utl 7 “rusc<l sulpliur vvaji l-bbVH, and <nviiic; to A' fimin 

/UiS* di'fusiiR'if this (MHisia.ni/ Ixa’iunc ;2t)4lKS in 20 inonNis. rin:; inrfa.'dabilit.y was 
<lisciissad by K. (h)h<uu 11. V. R<*|L^nn,iilt. obaiu'vcd Uiat. if the pia.'.ta’ anlplmr he kept 
ili iKI*' its temp, rises to 110“ at; i{. pnss(‘s inl<j tin*. erv:»l alliiK* ;;0i0‘. dljc rnio td 
crysiralliy.atioa was found by i). <lernc5^ to Imo-i. nia.\inMirn for siiljdtfir which had hmi 
boated to Mif ; 1\ Dulunn, A. Smith aaul W. W. fltdnn's, ami Db laiuniann found 
that tliu rate of (‘rystaJlmition varic\s proportionally with t lNMlCf‘.»n‘c <d undcrcoolmg 
— Fig. 8 ; and I). Uernoy, that wlnni Uh‘ inuh^n’oolcd liquid is seeded, llu^ v<do<*.ityof 
crystal! iz a lion is snuillcr wiiii rhoinbir ihiui witli monoelinie .sulphur, Indug 7‘h() much. 
in the former ease niid (1-20 sue,, in lln^ latter ruse, with sulphur kept hb juiim. at 
129*r>^b and timn cooled to 8()d)“, J. IL Kastin and \V. F. K(dlcy hnnul that tlw 
rate of change of |)lasUc into crysiallino sulphur varies with the feispn to whieb tho 
Bulpliurwas Iwated before being poured into water, and also with the hnup.^ far 
the higher the tmap. at wlubdi the sulphur is keph tlu^ fasbn* tdu' erysl allimtiom 
Light, amber-(‘ok)uriMl, plasti<*. sulphur er} stall i/s's misily, while t-he reddish hrovvn 
varieties <‘.rysuallir.e inon'. slowly. Tht*. v<do(dty ol the eluuip.e cd plastic into 
cryatallirie sulphur la^gins (‘ouiparativelyMuipidly, abotit 10 per rent., of llu^ total 
change takes place iu the lirsi hOt) minutes, an<l t-lnm gradually diniituslies. This 

gradual <hHUTu,Hi‘ in tlie rat(^ of cryMlalli/ad ion indi* 
<'atcs that sev(*rnl rnolceiilar fornui are pn^seut in the 
fcu.q)erco()lcd liquid, saiu<‘. of wdiieh ehafips* to th(' rrysial- 
line variety of the ehuuent more mqddly than others* 
The presence o£ anunorua, ahadud, and hronsiue atsude- 
rat.eH the crystalliraiium. TIu^ slopes of the enirvcH, 
Fig. 1), undieatie the. nite.s of (wynd.alliyabon in eoniact 
with water and in coiitact with a. OdA* soln. of iodinw 
(h biiKsk and E. Korintli Htu<iu*d tlie eryobdli/inthui 
of Bulpluu and the hunnaidou of dilbisitm rings, 
IL Freimdiudi an<l F. Opp(mhednier found that suiphut 
HoJs lovvuu' the velocity of crystalli'/udhui of wat.er. 

♦f, B. A, Bumaa gave lOH't-UHF for the f.p, of 
snl})hur. 0. M, Marjc shiwed that <iuriug the freeing 
at 91F"»10(F the temiy rineH to I OF - IFF; M. la Rrank- 
enheioi, that when sulphur etndtnl to I0[F 108'* 
begins to freeze, tho temp, rises to 112^, and then^. reiuai uh until all is soliclilled, 
B. C. Brodie, K. F* Mandmnd and T. Hchcoroiv M. JOiraday, and A, Ihdiani also 
made observations on thk subject. J). (h*‘ruez sIiowuhI tlud/HulplMir always frwmi 
below its in. p., and this Is not because of the eilbcdw of un<l<w<;<Hding, D. ({erne;^, 
A. Smith and W, B. Holmes, and J. Dussy showed tluii; the Fp, of molten sulphur 
is not constant since it depends on the temp, at whkdi the nutphur has been 
heated, for tho fused sulphur is a homogeneous mixture o! Holuble and inHoluhlc 
sulphur, B. F, Marchaud gave 113*^ for the ip.; H. V, Kegnanli ILIdV’i imd 
D, Gerne^ found i:i74® for sulphur which had been heated to 121“ ; lh‘h4^ 
when heated to ML'"; 112-2*', when ^ heated to 170“ ; imd when hetikHi to 

200*^-41-7'', A. Smith and W. B. Holmes extmpolate<l the resulte for rhombic 
sulphur free from the ins^oluble forni,^ and gave far the ip, ut idealteed sulphur 
119-25''. H. ,R, Kniyt said that mixed crystak of ju,- and A-sulphur aeparate 
when a homogeneous liquid mixture is allowed to cool, but A, Wigaiul showed 
that pure crystalline A-sulpbur separates out iixst, B3, Beckmann an<l (u>-workew 
attributed the'abpace of a sharp m.p. with sulphur to the proaeucc in tlie liquid 
of molecules of different degrees of complexity. 

In general, as shown by P. Dixhem, H. W. B, Roo^eboom, and W, B« Bancroft, 
substances which freeze below their m,p. are capable of existing in two nalid forms 
which melt at different temp, and form liquid systems of identical constitution in 



Pro. 9.-'B|)ood of CryHinl- 
lixation of iUuHtic Hoi* 
phur, 'under Watior, ami 
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wiiicli the liquid states of the two forms can coexist in equilibriunu The two forius 
of liquid sulphur : A-sulphur^/x-siilphur, is taken to he a case of allotro])!/ 

because the chan^£?e is reversible, there is no transi- 
tion temp., and the amount of each form present 
in the system, when in equilibrium, is determined 
by the temp. The two forms are also called dynamic 
^.sommdes. In Fig. 10 , A may be regarded as the 
f ]). of A~su]phur ; B, that of /x-sulphur ; and C\ that 
of the eutectic. The line jK- represents the effect 
of ^-sulphur on the f.p. of A-sulphur. Here C and 
B are unknown ; but the line AC has been traced 
as far as 112*45° and 5*3 per cent, of jit-sulphur. 

DC represents the proportion of the two dynamic 
isomerides in the liquid phase at different temp., 
and D, 114*5°, is the f.p. in a system in equilibrium 
wdth 3*7 per cent, of ^u-sulphur at the time of freez- 
ing. Hence, W, D. Bancroft would call this the 
natural freezirng-foint of sulphur-— supra ^ ^ 383 , 

Fig. 8 . It is really a triple point at which the three phases- 
solid monoclinic sulphnr ; and vapour of sulphur- 
b.p. there is 34*1 ])er cent. 

C. M. Carson found : 



Fig. 10.— Tho Effect of Tem- 
perature on the Equilibrium 
Proportions of SA and 

liquid Sa and B/z ; 
•are in equilibrium. At the 
of ja-sulphur in equilibrium with the liquid ; and 
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D. L. Hammick and co-workers obtained the results summarized by the light curve, 
Fig. 10. 

B. Lange and W. Cousins also showed that in the molten state the sulphur 
molecules are depoly inerized, say 83^284 and 2 S 4 v=^So~ 1 --Sq. A. H. W. Aten 
showed that if a soln. of rhoml3ic sulphur in sulphur monochloride, sat, at orditiary 
temp., be heated to about 150°, and then cooled, much more sul])hur can be dis- 
solved by the liquid. Thus, mixtures of A-sxil]>hur and sulphur mouochloride in 
scaled tubes were heated to 100 ° for several hours and quickly cooled, Rcj)re- 
seating compositions by the number of gram-atoms of sul])hur per 100 gram atoms 
of 8+82012 in the original mixture, the sat. soln. at the temp, named contained : 


Original 
Sat. soln. 



0 

28-7 

49*0 

70*4 

80-1 

90*1 

98*0 

60® 

11*0 

31*0 

42*0 

65*2 

06*. 1 


_ 

0® 


47*4 

56*0 

72*0 

71*6 

80*5 


25® 

53*5 

62*0 

06*4 

— 


— 

93*4 


Similar results were obtained with mixtures previously heated to 50°, 75°, and 
125°. It is inferred that this is not due to the formation of /x-sulphur from X-sulphur, 
for the solubility of the former is very small at ordinary temp., and if soln. be sat. 
with this form of sulphur at a Iiigher temp., it readily separates out on cooling. 
It was also shown that the phenomenon is not due to the combination of sulphur 
with sulphur monochloride ; and it was inferred that the phenomenon is a rcBult 
of the formation of another form of liquid sulphur^ — TT-snlphtjx* Indications of the 
formation of 7r-sulphur, in the absence of sulphur monochloride, were obtained, for 
if sulphur be heated alone to 125° and rapidly cooled, its solullility in sulphur 
monochloride is distinctly greater than that of the unheated rhombic sulphur. 
Thus, samples of sulphur were heated to the indicated temp,, and rapidly cooled. 
The number of gram-atoms of sulphur dissolved per 100 gram-atoms of S+S'^Cl^ were 
as follows : Unheated sulphur, 53*5 ; mixture of rhombic and amorphouB^Bulphiir, 
54*5 ; rhombic sulphur heated to 125°, 56-0 to 58-5 i rhombic sulphur heated to 
165° — freshly prepared, 60 ; kept an hour, 59*5 ; kept 24 hrs., 57-5 ; and kept 8 
days, 53*2. * Sulphur which has been heated to 170° and chilled contains m much 
TT-sulpliur as when heated to 445° and chilled. The Tr-sulphur dissolved in sulphur 
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nii>noc.lil(>ri(l<> quickly chaiigCH inU> /u,-«nliihnr. Himilar rcmillH wen- (.l.liiiucd wil,h 
Idluoiic iiK it wdvmt. The imwased Hclubility of Hul|iiHU- which lia.s hccn iuditwl 
1(1 170" is (hu! to ilic TT-Kulptinr which in prcHcnt. ws a mixlnro, or as a ;;qli<l koIii, 
with A-.suli)hiir. Soln. coti tail ling •jr-aulpliiir arc all yellow; a carhoii (liHulplikU' 
Holii. with IH lit. j)(‘r cent. TT-sul[)iiur m as yellow as a ooiio. a,q. coin, of iiotuHaiuiii 
<'liromat(‘. When a carbon disulphido soln. of A- and ir .sulphur in coidinl to 80", 
the, whoh' of the A-sulphur separates out leaving only w .sulphur in nolii. If this 
snlii. he evnqinratcd, white, }unorphouHf*-.suli)hur reniainn. If I he nolveni in removed 
jit, —80", by a reduction of pre.ss., sulphur soluble in carhoii difuilphide wil.h a nmall 
residue. of g-sulphur is formed. When sohi. of A-sulph ur and i >f m i.\ec 1 tt and A sulphur 
are exposed to a stxong light, less/r.-.sul}>liiiri,H preei[iilafo(l with the mixed nolti. tlian 
in the ease of the soln. of A-sulphur. .If ir-siilphur is really p .sulphur more should 
have been precipitated fconi the mixed soln. 'I’hc relat ive proporlionn of the three, 
forms of snljihur can he dctcrniincd in a givmi sninple of Miilphur ; for, if solid 
RulplniT he (ligested with carbon disulphide, the /t sulphur reinainn utulinsolved ; 
and if tlic uiixed soln. he eoole.d to -“.SO", the A sulphur i.s iiloiie [ireeipitnted. 
Sulphur wliich has been heated to the lienip. indicated was found (o eontnin the 
following proportions of these three forum : 

lao" inr uo" umi" ivo' i.ho" car’ 4«ii'’ 

u-Sulphur . . . 9f)-4 DU-t 9:t-7 H»-g «0-ll 7.'M «i!*7 d!)-! 

TT-Biilphur * . • •J’fJ rr3 4*0 

A-Sxilphur . . . 0-1 ■ ()-:J Ki 4*1 13-3 20-4 22-3 3«*9 

Tke amomt of 7 r-stilpluir is a iiuiximum in tliai wliicli hm IHCf ; 

tlio quantity of ju-sulplmr decreaHCS as iho temp, rinw from f20‘’ to -the 

greatest rate of decrease is between ; the proportion of A nulphur inmaBCS 

with rise of temp. The change of n- to /i-Biilphur m atr first very rapid, Imt the 
velocity quickly decreases and becomes very stnal! wluni only a little tt Hulphiir k 
present. The effect of ammonia on tlie equilibria : H/*- in t.o iiMTciiHc ttie 

transformation of the Tr-sulplmx more than it do<j« /i«Hiilphiir. A. Hiniik an<l co- 
workers found that ammonia accelerates the formairion of A*Hulphiir from /i-stilphur, 
while iodine acts in the converse way. A. If. W. Atoii found tdiat iinline him no 
effect on the transformation S 7 r>S/i, The soft variety of ordinary /iUHulpfuir is 
really a mixture of all these varieties, but with ibc prop<irt-itm of A aulpbur very 
small In agreement with A. H. W. Aten, E. Jkickmanii and co wtirki^rn hold that 
it is TT-sulphnx, not /X'-siilplmr, which is the cause of the <lepresHe,d or natural f.p. 
of sulphur. Sulphur with its f.p. has 2*7H per cent, of tt Hulphur, not M\ per 
cent, of ft-sulphur, as A. Smith and <u>-workerB suppoHetl K. Bockmtinn and 
co-workors showed that amorphous sulpluir priqiated in a vnriidy of wayn low no 
effect on the f.p., but this sulphur is readily transformed into a mixture of A" and 
7T-sulphiir in the same proportions as is present in the fusinl inaHK. If the ftwioii w 
rapidly cooled after the addition of the /x-^Hulphiir, only about 34 f»er ctmi eff the 
added sulphur is still insoluble in carbon diHulphide. "Whm addo.d to a fiwed mass 
having a lower f.p. than ft-Bulpliur has no affect, Init when loldad to one 

having a higher f.p., it has the effect of lowering it towards ibo natural f q indiimting 
that at the higher temp, relatively more w-sulplmr is foniiid from ilm /t-sulphm» 
When ju-sulphur is heated, it shows no slmrp m.p., but, having nmUmd 13(f, it hw 
at once the natural f.p. 114*5*^. If a mix:turo of rhombic Bulplmr with about 6 per 
cent, ja-sulphur is melted, it has a Ip. about 2^ lower than that of a munple of 
rhombic Bulphur similarly treated, indicating that under thf^Bti cowlitioiw, the 
fi-sulphnr decomposes into 23 per cent. Tr-sulphur and 77 per c<mt. A Bidpluir. When 
a sample of w-sulphra was added to a sample of natural sulphur, it lowered the 
l.p. slightly, indicating, however, only about 4’ff per cent, -^r-aulphur in the lire- 
paration. Both rhombic and monoclinic sulphur raise tlie bp. of niitural aulphur 
by increasing the proportion of A-sulphur. 
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§ 6. The Physical Properties ot Sidphnr 

The colour of native sulphur may be straw-yellow, honey-yellow, yellowish- 
brown, greenish, reddish, or yellowish-grey, and even black owing to the presence of 
carbonaceous matter. C. F. Sohonbein^ found that, at —50®, a-^sulphur^ and flowers 
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()£ Hulpluir ar(‘ nltaast c<jloiufe.s, and nl O" it in pai(a' ilain ai or<ruuirv j wlubt 

afc lOCP, it in d(H»p yellow. K. Kua;<'rvM trii^onal aiilphur U ora^nj^e. vtdlow. I he. e.olom 
of colloidal sulphur aiul ol su}f)luir conquanuhs ha.s btuai dintaissed ahovi'. 1 rC” 
cipitated sulphur may !)e white or yellow lurordhi^i: to tiu'. prain ai/.r ul Ihe iKUiieUvs, 
Plastic j^ulphur is brown, and tluularkeniti^j; (d Mu* eohair \\ hieh oerur:; w hen siuphui: 
is heated has been pixwdously discussed. J. b. ! have and S. R. Ilaumer that 
the colour oHhe vapour varies \vithi.lu‘ ieiup., heitip, oranp:e yidiow^ luce ^ ' KA-Uiv? 
—just above the b.p. The colour darkens as lh<^ tcuup. ri.siss until htMuanes deep 
that of. a< soln. of ferric t4)i<i(‘yunal.e. The ihmI is most* uitcnHC at 
about 500^ ; the colour tlnui heconicH pa!<‘r iiiid ()aler as ihe temp. ris<‘s uiuaIj at 
(KM'h it is !sti:aw-yelio \v\ A. JN. J)ey and Id. i)ut/t stsnlied the. elleti. ol sulphur on 
the colour of coiupouiKls with sulpluir. 



1^10. 11 . — ^h'onns of Crystals of Rhombic^ or a^lSulphur. 


Sulphur may occur massive, in 3 ) 0 wder, aa iucrusi/atiotw, irb Hi.nlaeiiiio or 
stalagxnitio fornas, and in aphexical or reniforni ahapea* Tim crystAds ot rhoiriMo 
sulphur were obtained, in 1782, by B. Ihdleticr*-^ by evaporating at sohu of 
sulphur in turpentine. J. Alexander observed crystallitio tratishion between 
colloidal and crystalline sulphur deposited from soln* in carbon diHulpbicIc in the 
presence of Canada balsam ; they commonly occur in acute pyramids, Bometime® 
thick tables parallel to the (001)"faces ; and also with a spheriinlal habit. 
G. Aminofi made observations on this subject; and O. Li nek itrul ,11. Korinth 
noted the formation of diflusion rings and globulites in the evapeuation of a 
soln. of sulphur in carbon disulphide thickened with rubber or Canada balHam* The 
angles were described by J. B. L. Eomd de Tlsle iu 1783 ; and by It, J. Haiiy^in 
1801. The rhombic bipyramidal crystals of a-sulphut were found by A, BreiJina 
to have tie axial ratios a:b: c=0^8108 : 1 : 1-9006 ; H. von Koksclmroff gave 
0-81309:1:1-90839; A. Scacchi, 0-813: 1:1-906; V. GoldBchmidt, 0-8138:1: 
1 -9051 ; 14. Bomhicci, 0-81261 : 1 : 1-90880 ; A, Ar^runi, 0-81365 : 1 : 1-89863 ; and 
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G. Tsciiermak, 0-8130 : 1 : i -9037. Observations were also made by H JBaumbaiicr, 

K. Eeierle, E. R. Eicliowsky, C. Braine, K. Busz, H. Buttgenbacb, E. S. Dana, 

L. Fletcher, (J. Flink, P, Gaubert, P. Groth, F. Hessenberg, A. Johiisen, A. G. Kenn- 
gott, R. Kochlin, A. Maier, E. Manasse, E. Mltscherlich, G. A. F. Molengraaf, 
W. Muthmanii, T. Nicolau, P. Niggli, L. Pasteur, A. Pelikan, 0. Perrier, E. Quercigh, 
G. vom Rath, V. Eosicky, A. Scacchi, A. Schrauf, E. C. Schroder, S. J. Shand, 
A. Simek, B. Taccoiii, W. Vernadsky, W. H. Weed and h, V. Pirsson, V. E. von Zepha^ 
rovich, and E. von Zcynek. The fundamental form of the crystals is shown at A, 
Fig. II ; R is one of the principal forms of the crystal ; C, by G. vom Eath, represents.. 
a crystal from Racalmuta ; I), by K. Busz, is from Wheatley Mines ; by K. Busz, 
is from Monte Poni ; F, by A. Brezina, is from Oker ; by A. Simek, is from Kostai- 
nika ; II, by K. Busz, is from Wheatley Mines ; /, and K, by A. Simek, are from 
Kostainika ; and Z, by F. E. von Bichowsky, is an unusual artificial crystal. IP- Ean- 
faldi discussed the crystallographic data of rhomb ohedral sulphur produced by 
volcanic eruptions. According to G. vom Eath, twiimin^ occurs about the (101)- 
plane ; and symmetrical penetration twins sometimes occur ; twinning also occurs 
about the (Oll)-plane, and rarely about the (llO)-plane. The cleavages on the 
(001)-, (110)-, and (lll)-faces are imperfect. G. WuM discussed the cleavage of 
sulphur crystals. A. des Cloizeaux gave for the optio axial angles 2jFJ^== 103° 18' 
for red-light, 104° 12' for yellow-light, and 106° 16' for blue-light at 17° ; 2F=69° 2' 
for red-light, 69° 5' for yellow-light, and 69° 13' for blue-light. A. Schrauf gave for 
Na-light at 8°, 2F=69° 4' 50", 2G==98° 19' 4", and 2H==103° 3' 55" ; at 20°, 
2 F=68° 58' 0", 26^=97° 58' 9", and 2H==103° 6' 45" ; and at 30°, 2 F-68° 53' 2", 
2G-97° 40' 44", and 2H=103° 9' 6"; and for Tl-light at 8°, 2F=68° 53' 48", 
2ff=99° 7' ll",and2//--103°54'24"; at20°, 2F=68°46' 11", 2r;=98°44'51", and 
2H=103° 55' 53" ; and at 30°, 2F-68° 39' 17", 2G-98° 23' 13", and 2H-:103° 54' 4"- 
V. Eosicky, S. Kreutz, T. Wada, L. Bombicci, G. Aminoff, and S. J. Shand inves- 
tigated the corrosion figures and the symmetry of the rhombic crystals. A. von 
Fischer-Treuenfeld described the ring and dendritic structures wMch have been 
observed when thin films of liquid sulphur are allowed to crystallize. The efiects 
are ascribed to the action of capillary forces, in virtue of which the crystalline 
aggregates exert an attractive force on the neighbouring liquid. Other forms 
have been indicated previously in connection with the freezing of molten 
sulphur. 

The tabular or acicular monoclinic crystals of S-sulphur were found by A. Mit- 
scherlich to have the axial ratios grib: c==0*9958 : 1 : 0-9998, and j8==95° 16'. 


W. Muthmann gave 0*99575': 1 ; 0*99983, 
and ^=95° 46', Two forms of the 
prismatic crystals are shown in Fig. 13. 
Twinning occurs about the (100)- or the 
(011)“plane. This subject was discussed 
by E. Mitscherlich, A. T. Kupfier, 
J. J. Bemhardi, F. A. Quenstedt, 
E. Brauns, and P. Gaubert. The 
(110)-cleavage is distinct. E. Kordes 
said that monoclinic sulphur separates 
from a soln. of sulphur in naphthalene 





Fig. 12. — Crystal of y-Sulphur or U Fig, 13. — Foiras of Crystala of Monoolinic 

soufre nacre. or j3-Sulphur. 


or iodine. The so-called Daiton-sulphur from the volcano of Daiton, Japan, was 
supposed by M. Suzuki, and T. Wada to occur in monoclinic prisms, but R. Ohashi 
showed that the crystals are more probably rhombic, W. Muthmann gave for the 
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;L'wi!il rai.ios of t-lu^ ruoiKM'lia’u' ofy-Hiilfjhur, DJ, :h : I :{l*70943 

aial jj 1)1" 47. 17h'. -///.:•/». [>9" 4'; (/ : 7 40" ; 0:0 1)0" O'; 

H8" li'/; 0 : (j l‘i(V*4ir; nwd : in IOI' 4f)\ I’hiM'rvHialH 
\v(',r(‘.jUso ('X{iinino<l by W. Saloiuon, nnd P, Oouilnai.. \V. Mailw 
fUiuin ailsa .sliowod IduU- Die }u‘xa[M>ii;d platoii of H aulpluir, 
¥\g. M, luv. probaid)' uionooliirK*, vvif.h |.h<‘ crv.stai au^bn 
(i:a 7<P ; 10:0 ?()''; aiul a i iv Oh". !v. Kuy,o Pa variety 

^ I V -^-Hulphur waa found by <P Pritabd (0 (’rvfdalb/a* in ora,n|^tv 

if -^upua. yellow {)]a.tos 0»04aH.r4»<)!ial rwHiion, W, Siduuddor 

t»xa.nuiUHl tiho pu^zocb’ioirio (dTeoP W. IP lb'a.«»f!; ttuub' aomt^ ol^sorvaiiiHia on the 
X-radio^mmof rhombic aulphuix iL Mark ami K, Wign<‘r found Miat ibo apaco 
lattioo of ihc rlamibus hipyramulH Inus the, <iimomHionH a i04H A,, h l2aS7 A,, 
and c 24'50 A.- valin^H iwic<‘. an larjD:(». an tlaw^ obOiiiiod i>y W. 11. wlio 

lXixv(*i a - 5*23 A,, 6* (>*4,4 A., and c 12*2.1 A. Tli<^ clctn<ad.;iry <'c!l la oMtimated 
to contain 1 28 atoniSj of which l() arc g<M>tnctrica,lly n4at(Ht to form tln^ ('rynial 
molecule. The (icntrca of pjrayiiy of t.hoH<‘ group.s form a r!ionibi(* dianmml hd-tke, 
IP Whitaker Baid that naorcoun aulphur forma six Hulcd plat c^H wiili 1 pairH of 
oppoaite Hide« pamlleL The colourH arc due to itderfeamta*. 'riic phdcH it;radually 
diHintegrate into the iiiorc stable octabodraJ form. 

fn 1690, li, Jloyle gave 24)0 for the specific |?ravity of aulpluir vivum, and 
T98 for that of a very line/’ Harn})!e from Ikrmany. Por md.ivo Hulplmr, A. le 
.Roger and J. B. A. Dumaw gave 2*()8(); 0. d. B. Karslen, 2*0h(H)l ; IP h\ Murcluind 
and T. Bchecrcr, 24)62 to 2*070 ; IL Kopp, 2*061) ; U. voni Katii, 1*97 ; <). Hilvcstri, 
2*(K)l to 2*009; and 2*00630 at 2fP ; (1. Pisati, 2*0748 a t 0'74” ; V. (Bihlschmidt, 
2*069 at 18'; U. Vicentini and 1). Omodei, 2*0748 at 0"; K. It. von Hi<’howHky, 2*01 
C. J. 8t. C.Deville, 2*070 ; andCt Bmme, 2*0767 ; P. Molm, 2*072 ; ami A. H<dmiuf 
2*06665 at 16-75714^ ; and for the ap. gr. of piece»H of milphur 2*06H9() at 7*8/’, ami 
2*07019 at 23-28^ ; 2*06939 at B*25‘h and 2*07066 at 26-()f)" ; 2*06974 at 8*64 ami 
2*07085 at 26*32" ; and 2*06984 at 8-27", and 2*07057 at 25*22". W. Hpring gavt? for 
snlphtir from 8icily, 2*0788 at 0", 2*0688 at 20'h 24)583 at 40”, 2*0479 at 60'\ 24)373 
at 80‘^, au<l 2-0220 at 100", B’or roll sulphur, M. 3. Brisaon gave 1*9907 ; 3. Dalton, 
1*98-1*99; 0, W*. Bockmaim, 1*868; and T. Thomson, D97T7 to 24KKK). Por 
sulphur crystalli^ied from fusion, C. J. B. Karsten gave 1*9889. 3. K. Ihdder gave 
for iowets of Bidphiir, 2*086 ; andT. Playfair and 3. P. Joul(% 1*913, 3. H. P. 3alia~ 
Ifonteiielle gave for crystalline sulphur, 1*898; A. Breithnupt, 1*989 ; D. Playfair 
andJ. P. Joule, 2*010 ; and L.Mtupicnne, 2*041 to 24)49; (L Blwhofgave P927 for 
sulphur crystallked from soln. ; E. BA Marchand and T. 8(dH*en*r, 24)518 ; (h 3. 

C. Beville, 2*063; BL Petersen, 2*01 in pjeces and P99 in powiler; L. M, Arons, 
2-07; L. Heeht, 2*06 ; and W. Spring, 2*0477 at 0", 2*0370 at, 20", 2*028;J at. 40", 
2-0182 at 60", 2*0014 at 80", and 1*9756 at 100". li Madehuyg ami li. FmdiH gave 
2*0709. 1. 1 Saslowsky gave 2*07 for the sp. gr. of milphur at rnnm iepip., and 15*5 
for the at. voL C. del Fresno studied this subject. 

For soft sulphur, fused and poured into cold water, (i OBaiiii gave 2-02T ; 
B. F. Marchand and T. Scheerer, 1*957 to 1*961 ; C. J. St. t\ Deville, 1*919 to T928 ; 
and C. Brame, 1*87 to 1*9319 ; while for waxy sulphur, L. Playfair and 3. R Jonle 
gavel-921 ; and W.M. Muller gavel-87 lor amorphous yellow sulpkir, and 1*91 to 
1*93 for brown amorphous sulphur. For the amorphous precipitated sulphur, 
L. Troofft and P. Hautefeuille gave 2*046 ; and B. Petersen, 1*87. M. Tdpkr gave 
for the sp, of ineoluhle amorphous sulphur— possibly g-sulphur-“T849 at 40" to 
50" ; A. Wigaud gave 1*878 for the sp. gr. of plastic sulphur, and T892 for insoluble 
amorphous sulphur ; while W. Spring gave for insoluble sulphur 1*9656 at if ; 1 *9496 
at 20" ; 1-9041 at 40" ; 1*9438 at 60" ; 1*9559 at SO" ; and 1-9643 at 100". M. Tclplcr 
gave for the sp. voL, referred to unit voL of liquid sulphur at 120", 0*963 at Bif ; 

0- 974 at 60" ; 0-995 at 120" ; 1*001 at 140" ; 1-007 at 160" ; 1*014 at 180" ; and 

1- 021 at 200". L. Playfair and J. P. Joule gave 1*801 to PSI5 for molten sulphur ; 

and W. Ramsay, 1*4578 to 1-5130-^mean 14794 at 446". 0. Vioentini and 
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D. Omodei gave 1-B114 for the sp. gr. of sulphur at its iiY'.p. H. Koj)p. 

1-892 ; G- Osami, 1-927 ; and L. M. Arons, 1-811 . Fertile sp. vol. of Ii({aid sul])imr, 
referred to unity at 120°, M. T<3pler gave 0-933 at— 20"° ; 0-943 at 0° ; 0-951 at 20"" ; 

0- 960 at 40° ; 0-969 at 60° ; 0-979 at 80° ; 0-9889 at 100° ; 1-0000 at 120° ; and 

1- 0117 a4. 140°. A. M. Kellas found for the sp. gr., il, 

3 15 1“ 334 0'^ 145-5“ 158 5“ IGl 0“ 178>3‘’ 357-0’ 445-0“ 

D . 1*8094 1-7921 1-7807 1-7710 1-7704 1*7052 1-0505 1*5994 
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Fig. 15.' — ^Volume Ohange.s oti 
Heating from 0® to 180°. 


The results are plotted in Fig. 15. The break beginning at about 160° is followed 
by a complete alteration of alignment. 

As shown by A. Breitliaupt, the sp. gr. of ^-sulphur is less than that of rhombic 
a-sulphiir. R. F. Marchand and T. Scheerer gave 1-957 ; C. J. St. C. Devilie, 
1*958; B. Rathke, 1-960; and E. Petersen, 1-94. 

M. T()pler gave 1*957 at 25-15°, 1-954 at 31°, 1-950 
at 41° to 45°, and 1-802 at 120° ; and the sp. vol. 
was 0*915 at 0° ; 0-919 at 20° ; 0-924 at 40° ; 0-929 
at 60° ; 0-935 at 80° ; and 0-941 at 100°. R. Engel 
gave 2*135 for the sp. gr. of trigonal or €-sulphur. 

The best representative values for the sp. gr. 
are 2*07 for a-sulphur ; 1-96 for jS-sulphnr ; and 
1*92 for amorphous sulphur. M. I)ele]>ine studied 
the substitution of sulphur for oxygen in various organic compounds as regards 
density ; ho found that with the exception of hydrogen sulphide and thiophosphoryl 
chloride, sulphur compounds are heavier than their oxygen analogues. With the 
substitution of several oxygen atoms by sulphur atoms, the differences between the 
densities of the corresponding compounds increase, but this effect disappears as the 
inols. become more complex. Whilst oxygen ethers are generally less dense than 
the isomeric alcohols, the sulphur ethers have about the same density as the isomeric 
inercaptans, and the same is true for isomerides of the types X.CB.OR and X.CO.SR, 
but for compounds of tlie types X.CS.N : and X.CN.S. the former have higher 
densities than the latter. I. I. Kanonnikoff observed that with 32 sul})hiir com- 
poimds, free sulphur has the mol. density 121-2, and this is also the value in those of 
its compounds in which it acts as a bivalent element. When the valency increases, 
the mol. density increases hy multiples of 23-2, so that in‘the quadrivalent condition, 
the value is 144-4, and in the sexavalent state, 167-6. In compounds of different 
types, the mol. density of sulphur shows a behaviour resembling that of oxygen in 
analogous compounds ; thus the value for oxygen or sulphur existing in the form 
0.0. C, or C.S.C. is 7*74 less than the value for the free element, whilst in C : S or 
C : O, the value is increased by 4-84. 

H. Macagno ^ measured the sp. gr, of soln. of sulphur in carbon disulphide at 
15° ; expressing the results in parts of sulphur per 100 parts of solvent, he obtained ; 


Sulphur , . 0 0-2 1-2 51 10*2 20-1 30-2 37-2 

Sp. gr. . . 1-271 1-272 1-276 1-292 1*313 1-354 1-380 1-391 

If D denotes the sp. gr. at 15° ; and dH, the sp. gr. at 0°, then D—d "h(>O()j4(0 -”15), 
C. Montemartini and L. Losana found that the sp, gr.-temp. curve of soln. of sulphur 
in nitrobenzene changes direction at about 90°, and has an arrest at 115° ; while 
3 and 20 per cent, sola, in acetamide have arrests at 42° and 65° respe<^tively. 
G. J. Pfeiffer obtained for soln. with the following percentage amounts of sulphur, 
the foEowing sp. gr. at 15°/4° : 

Sulphur : . 0 0-2 0-4 2-0 5-0 10-0 15-0 20*0 

Sp.gr. . . 1-2708 1-2717 1-2727 1-2802 1-2949 1-3395 1-3450 1*3709 


Some observations on the s|iecific volume of the different forms of sulphur have 
been already recorded. Fig. 15 represents the voL changes which oc<’'.ur when 
sulphur is heated from 0° to 180° when the voL at 0° is regarded as unity. M . To pier ^ 
gave 5-5 per cent, expansion. T. E. Thorpe calculated the atomic volume of the 
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Bulpluiratoru m liydtogeu sulphido, a.nd iliiorarhonyl rhloruh^ 1,0 be 'JH-d ; in vsulphur 
numocliloriflc ami ihionyl chloride, 22*6; in oa.rl)on dusulphiib', one nulphur atom 
haa tfhe at. vid. 22*6 and the other, 28'(>. 11. Kopp n\s(H‘<itiv<‘ly 22*t> and 28*6 ; 

and L Trauixy K) to 1 1*5 and 15*5. II. Bull ga.ve 27^8 for bivahnit nulplun*, 22*6 for 
(piadrivalent sulphur, and 12 for Hcxivalent aulphur. 1. I. SiKslavnky^ E. Hchuater, 

A. F. Hallimonci, 8. Hugden, and E. Donath iuid J. Mayrhofer made «oni(Md)Berva- 
tiooH on ttuB Hnhject. W. Ra-mKay\s rcKult for t-ln^ h\k of Hulphur at its ni.p. gives 
21-{> ; or for the hj). voL ()*(>Tr)7, Jfl. Petersen ea-lculatiMl 15*6 for i.he at. voL of 
a-“Bulj>luir ; 16*4 for ^-Hulpluir ; and 17*1 for //^"Hulphnr. Aec'-ording to I. 1\*utibc, 
the relative vapour density of mdpiuit vnipour in the neigliht^urhood of: ita l),|). m in 
agrecuKUit with Troutoifn riih'. when apechal jLSHiunptiona aia^ made with respect to 
tlie coinplexity of the inoleciilcH of the vapour. h\ Exma* fouiu! that I c.o. of the 
vapour weighs O-OObTf) grni., and of thin vol. ()*()()l()r> c.c, in oeeupied by matter. 
II. (3, Grrinim and H. Wollf calculated for the atomic radius I *0.56 X lO ^ to M,i4 
10"® cm.; F. Bchuli^e 1*4,77 (oxygon unity). W, h. Ihmgg, and M. !.«. Huggins 
calculated 1*02 A. for tlu^ atomic radiuB ; !j. H. liaiuadeU, 1*64 A.; B. Oahrora, 
j'Ol A. to 1*13 A. for the at.' radius of ; A. Ferrari, 1*20 A.; W, P. Davey, 
1*03 A. to lOd A. ; and W. F. de Jong and If, W. V. Willetna, 1*64 A, OhBcrvatiom 
were made by V. M. (loldHchinidt, L. lYuiling, ami F. Wherry (rotn, whic.h it 
follows that the elTectivc at. radius for sexivale.ni sulphur atoms is 6*26 to 
0*34 A,; for neutral sulpliur atoms, 1*02 to 1*64 A.; and for bivalent negative 
Hiilphur atoms, 1*74 to 1*84 A. 

About a (Huitury ago, the vapour density of sidphur at its l).p. was found by 
J. B. A, Dumas,’^ and E. Mitschcrlich to he ladaveeii, 6*56.35 and 6*6. J. voa Litibig, 

^ o in his letiei’H to J. J. UcTZctiim, mentioned 

^ TJ' r“y“rn obtained vt^rv variable results 

S 1 I i,, ,H.l not pul.lish. H. St. 0. i)e- 

villc and L. IVoost gave 2*23 between 
86(,V^ and 1040'’ ; this (U)rreBpondH with 
2-21 calculated for A. irmeau, 2*7 
between 7 OF and 74»3'’ ; ami 2*36 between 
1 and 1162" ; and L. Troost, 6*7 at 

^ 440" imd lO-t miu. nn'Hs., <Vn at GO mm. 

T .1 t ji xr iw pniHs., ami 3-() at GG5‘'. If. Bilte aaid 

ria. 10.— mothcrniH for ino Vapour .Den* i i i 

aities of liJiilphur at Uifferont PreasuroH. that the vap, density below HiK) IB greater 

than the value eorresponding with and 
although the value 7-8 was obtained at 468"", the values in this region of temp* ate 
not constant. W, Ramsay suggested that the nioL of sulpliur at <utUnary temp* 
approaches Ss ; that when the tempn is raised, the complex luol. (iissociates into o% 
and S(j ; and that at still higher temp., the S<j-moleoulo dissociateH into S^^niolecules. 
A. Krause and V. Meyer found at in an atm. of nitrogen at 743 mm. 

press., the mol. approximates 87 ; and J. F. 0. Schall, 8^^. W. T. (boke made some 
observations of the yap. density of sulphur in argon, etc. II. Bilte showed that even 
at theb.p. some Sg-mols, are dissociated into S^-mok., and at 600", the dissoemtion 
83^482 is complete. He said that there is no evidence of the existence of Se-mols. 
because the vap. density steadily decreases with a rise of temp. The vap. density 
becomes constant only above 900®. 6. Preuner and W. Schuppb results are illns* 
trated by Kg. 16 ; they could not reconcile their observations with the assumption 
that only and S2-molB. are present, but inferred that B®-, and Sg-inok. are 
present G. Preuner discussed. the possibility of there being 84-mol8. also present 
0. Bleier and L. Kohn found that at temp, between 192® and 810®, and at a low 
press., the results approximate asymtoticaUy to Sg as the press, is increased ; and 
H. Blitz and G. Premier also observed that at low temp., the results approach Sg 
as a maximum value. I. Brockmdller represented the reaction 88|^4B6 ; S<}^i*3Sg 1 
and If the bracketed terms represent partial press., J 

; and [Sgl^—KsLSa], so that: 


"I 
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1-7x10= 

9x10** 

. 

3-6x10 * 

14-7 

2-37x10'^ 

3-22 xl0» 

MOXIO" 


G. Preuner and W. Schxipp found for the vap. press, in mm. of mercury, and the 
calculated values for the partial press. [Sg], [Sg], and [S^]. The results are shown 
graphically : 



100 “ 

150 “ 

200 “ 

250 “ 

300 “ 

350 “ 

400 “ 

450 “ 

p 

. 0-0085 

0-23 

2*26 

12-0 

48-0 

128-0 

378-0 

828-0 

[Sel - 

. 0-0075 

0-1915 

1*74 

8-4 

30-2 

70-5 

183-0 

346-0 

[S«] . 

. 0-0010 

0-0385 

0-52 

3-6 

17-8 

56-5 

187-0 

450-0 

[S 2 ] - 

— 

— 

— 

— 

— 

1-28 

7-2 

31*6 


in Pig. 16. A. Scott, and V. and 0. Meyer found that the vap. density at 
1560"^ is in agreement with S2 ; and likewise, H. Biltz and V. Meyer, at 1719^. 
H. von Wartenberg found a mol. wt. of 50 at 2070°, 
showing that at this temp, there is an appreciable dis- ^ 
sociation 80^28. Assuming that the Sg-mols. represent ^ 
ju-sulphur insoluble in carbon disulphide, the proportion 
of S/x-mols. in sat. sulphur vapour, calculated from the | 
observed densities, is in agreement with the values de~ ^ 
termined by J. Gal, but not with those of H. R. Kruyt. ^ 

It is possible that at press, below 30 mm., Si-mols. are ^ 
also contained in the vapour. Prom observations on the ^ 
explosion of hydrogen sulphide with electrolytic gas, ^ 

H. Budde was able to show that in all probability the 
S2-’mols. dissociate into single atoms above 1800° ; and 
that at 2450°, and atm. press., about one-half the vapour Total and 

1_S dissociated: 82^28 This reaction was studied by MpSr ^HSent 
Jj, Alexeen. H. Staudmger and W. Kreis tried unsuc- Molecular States, 
cessfully to isolate solid 82 by chilling the gas from 1000° 

to —190°. V. Kistiakowsky discussed the mol. constitution of the liquid. K. Stock 
found that active rSulphur can be prepared by a process analogous to that used 
for active nitrogen. 

The various methods for determining the molecular weight of sulphur show 
that, in all probability, this element, in the solid, liquid, or vaporous state (at a low 
temp.), has the complex molecule Sg. H. M. Vernon calculated Sg, for liquid 
sulphur at the b.p. ; and W, Vaubel, Sn.jg. D. Pekar calculated Sg from the surface 
energy of soln. of sulphur in carbon disulphide, and in sulphur monochloride ; 
G. Guglielmo obtained Sg from the vap. press, of dil. soln. of sulphur in carbon 
disulphide, and 89, with cone. soln. ; and J. N. Bronsted, from the heat of soln. of 
sulphur in benzene and choroform, obtained Sg. H. T. Barnes calculated (84),, 
from the sp. gr. of soln. of sulphur in carbon disulphide. The molecular complexity, 
calculated by A. M. Kellas from the molar surface energy, of A-sulphur between 115° 
and 160°, approximates Sg; and at higher temp., it approximates to This 
agrees with the assumption that near 160° sulphur begins to polymerize to the com- 
plex Sis ■which remains stable up to the b.p. ; and near 160°, 3Sex=^(Sg)g. Values 
calculated from P. Walden’s, W. A. Kistiakowsky’s, and P. Dutoit and P. Mojoiu’s 
empirical relations agree with a complexity approximating Sg ; from G. G, Longi- 
nescu’s relation, S14; and A. E. Dunstan and F. B. Thole’s relation gives a still higher 
value. H. Erdmann, more or less arbitrarily, assumed that the /r-sulphur formed 
at about 1 60°, is Sg, the sulphur analogue of ozone, and he named it ihiozone. He said 
that thiozone has the character of an acid anhydride, and is able to bring about the 
polymerization of eight-membered rings. Molten sulphur at 160° is therefore 
supposed to contain thiozone, which produces the dark colour, and amorphous 
(Ss) ny which renders the mass viscid. He represented the moleouleB of the two 
difierent forms of crystalline sulphur graphically by the formula : 
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/l-Hulplinr, <i“Hu!iihi!r. 

Tlu‘ former is siip|k>s<mI ro|/r(‘S(‘ui. sulphur, and (h<* InMf'r r!i(nnbi(* siih 

pliur. The rx |K‘rini(uDdl <‘\'i(U‘n<‘tMi|Mui wliich (4 h‘S(‘ lormulir art* is very lliiiisy. 

‘riu‘;Sul)jiH’A wa,s <list*iiss(‘<l by M, (-opisiirolT. Th<^ farimda. Sj^ is in ayrninurnL witli i.hn 
nlmi'rviitiouH uf J. N. Hertz nu tin’- (dlbs’t «>f snlphur <hi I Ik* f.p. ol na jihtdia.b*ne ; 

IL Kordtxs, tutpliiluihuH* and inditu^ ; of S. D. (Uoss, (»f a , /I , and plaslh* sulphur on 
lUiphtluilonn ; aiul yidlow phosphorus; A. Hor<^o and N. Annidori, bnnnofonn ; 

K. BiHdcnnuiii, find It. Hanslain, wilii iodiins and juil brfMpiinon<‘ ; S. TolloeyJvo, 
aniiuHniy trkdibride ; and A.HinilJi and VV, lb Ilohnes, and II Hillz, of// sulpliur 
on moltm sidplmr. K, Daierno and \i. Nasini obt.aiued 8,5 uilli beny.(*ue soln. ; and 
tS, P, FopolT found that with a ,/8-, and/i-sulphur in benzetie, or diuudhyhurdiiHU the. 
tnol, wi is proportioiiJil to the cone. \L lhu‘.kTna.nn and \\ <h‘ib o}>s<‘rv<Ml Unit with 
freezing broiuitu\ sulphur itiono“hroini<h* is fornnul. P. Olivari, hb Ihadvuunin atid 
(a)-”Workers, and R<. Hfiuslian nuuisunsl the (dT<a‘t on the f.p. and b.p. of iodin<‘, and 
obtained values corresponding with th<‘, niol. K, Beckman, d. Hfdnirai, and 
A,. HidlT <‘aleidfit(Ml 8^^ from t.lie (dTe<‘t of sulphur on tlie. b.p. of ixarlam disulphide; 
•B. Beckmann, and .R.. Uaurslinn, diphc.nyl ; L. .Aronstcin and S, Ih Mi^ihui/am used 
tnlueue, xylmie, naphthahuua {is well as carbon disulplii<lc ; (1. <hldo find K. S(u*ra, 
carbon tctraehlnride ; W, It. OnnlorlT fuid (}. b. Tcrrfissc obtoiiuHl witih 
carbon ' disulphitl<^, and toluem^ ; with sulpimr ni<)no<‘hl(U*id(‘ ; fuel Sh with, 
solvents having a. abov(‘ the imp. of sulf>hur. (5. IhinnlVudf (dit.ainetl 8^^ with 
cblorofonn, Sg with carbon disulphide, and to 8,0 with bciwene. D, Hetd<injtrin 
and F. Bdh obtaJiKal 8^ with li<|uid chloriiuf, but probably sulphur inonochloride, 
was formed; with boiling sulphur rnonochloridi^, the c.oinphax sulphiir intdiwuleH 
appeaxH to be split into 80 and (weu to atoms. In stannic tddorhle, or ursenic 
trichloride, a-, jS-, amorphous, ami plastb*. sulphur form Hg inolecules. H. Auerbach 
found tho mol« wt. of Hul[)Kur {32*0t)),^ calculated from its ellVct on the f.fu of pyro^ 
aulphnric aci<l with Odl]?, 0*^75, and b210O gnus, of sulphur in 41.H-7 gnus, of 
pyrusulphuritj acid to bo n 2-13, {uid b8Ci respectively, ilcnc.c, (Jh^ Hulpluir 

is in tho diatoniic form. Analogous results were obtahm<l with sola, of sulphur in 
pyrosidfdiuric aci<i containing some sulphur irioxicle. 

F. A. Daguin found that tho crystals of a-sulphur have n hattoess of lyb to 
2-5, on Molds scale; F, 11. Rydberg, and A. Reis anti R. Zimincrmami Hai<l 2* 
Rhombic sulphur is brittle, and craeddes wlum warmed witfi tins hand owing to 
the production of fine cracks. It is very friable after dipping iu boiling water, but 
not 80 if slowly cooled. A, Breitbaupt said that monoclinii?, or jS-sulphur, is rather 
harder than a-sulplmr. The effect of heat on the viscosity of molten sulphur has 
been already indicated in a general way. The observations of J. B. A. I)umas»^ 
0, M. Marx, M, L, Frankeuheim, 0. J. 8t. C. JDeville, and €1. Oaaun have Bhown 
in a general way that sulphur melts, forming a limt^itl liquid whicdi In^gins to 
thicken near 160"^, and liecoiues cpiite stiff at nhoiit 2CK)". (h Fisati wdd that 
the maximum in the viscosity (uirve is hetween 157^ and 1b0‘' ; J. Brunlu^s and 
J. Bnssy, 156"^ to 157^^; K. Bchaum, at 155"^; F. Mondam-Monvah hMF ; 
A. Smith and. W- B. HolmcKS, below 169*6® ; G. Kaati, at about 198"^; J. JkunhcB 
and J. Bussy, at 162® ; K. Schaum, between 16B® and 25(F ; and A. Smith and 
W. B. Holmes, between 170® and 220®. C. Mains made some observations on 
the,ejffect of temp, on viscosity. 0, 0. Farr and B. B. MacLeod found that 
the viscosity of twice-distilled, but not gas-free sulphur, is x) 0*1094’ at 123®, 
and from this temp, falla to a minimum, at 150® ; it then rises to OH)75 

at 159®, hi^t nothing of the nature of a atriot transition point can be observed. 
Bxposure to aix in the molten condition, especially below ITO®, has a luiukcil effect 
on the viscosity above 160®. Tho effect is a slow one, the viscosity continuing to 
rise for as much as 48 hrs. on exposure to air for that time. The maximum for 
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purified, gas-free siiljpKur is reached at 200° when 1^=215, while with purified sulphur, 
lot gas-free, after a long exposure to air, the maximum is about r]=S00. Crystal- 
lization has an apparent, but probably secondary, effect* on the viscosity. It 
caises the viscosity of a low-valued sample and lowers that of a high-valued one ; 
md the effect disappears with a sample having t^—SOO at 171°. Sulphur freed 
from gaseous impurities acts as a simple substance so far as its viscosity is concerned, 
since it is definite at any given temp., and is independent of previous heat, treat- 
ment. Sulphuric acid is the impurity wliich causes the variations in viscosity 
with suli^hur which has been exposed to air. Changes in viscosity are accompanied 
by corresponding changes in the amount of insoluble sulphur jiresent. The relation 
between the viscosity and the presence of allotropic forms of sulphnt in the liquid 
has been discussed by M. L. Prankenheim, K, Schaum, P. Hoffmann and R. Rothe, 
A. Smith and W. B. Holmes, C. Malus, J. Dussy, G. Magnus and R. Weber, etc. 
L. Rotinjanz said that the changes of viscosity exhibited by liquid sulphur are 
not to be attributed to the presence of amorphous insoluble sulphur. When the 
temp, of sulphur is increased at the rate of 0*27° to 1*0° per minute, the maximum 
viscosity is 52,000 (water unity) at 187°; if the rate of heating has been greater, 
the maximum occurs at higher temp. With sulphur, the temp, of which has been 
lowered gradually, the maximum value of the viscosity and the temp, at which 
it occurs depend on the temp, to which the sixlphiir has been raised previously, 
a, 6, c. Pig. 18, the higher the temp, 
to which the sulphur has been 
heated the lower is the maximum 
value of the viscosity, and the 
higher is the temp, at which it is 
found. Sulphur through which a 
current of ammonia has been passed 
has a maximum viscosity of 19,000 
at 180° ; sulphur containing 0*02 
per cent, iodine has a maximum 
viscosity of 5600 at 225°, d. Pig. 18, 
whilst with a content of 0*77 per 
cent, iodine, the maximum viscosity 
is only 300 at 265°. The relation 
of the viscosity curve obtained with 
rising temp, to that obtained with 
falling temp, is very much the same for those samples of sulplnir as for ])ure 
sulphur. In tlie case of sulphur which has been treated with ainmonia, there is 
a break in the falling branch of the viscosity curve at 210°, marked also by a 
change of colour similar to what is observed in the case of pure sulphur at higher 
temp. L. Rotinjanz gave : 

120 ° 170 ° 3 87 ° 200 ° 240 ° 250 ° 300 ° 400 ° 448 ° 

17 . 11 30,000 52,000 40,000 24,000 9000 2200 150 71 

The results are plotted in Pig. 18. 

H. Zickendraht^ measured the surface tension of molten sulphur, and found 
that from the m.p, up to 160°, the surface tension slowly decreases ; at 160°, there 
is a maximum of about 6 mgrms. per mm., and thereafter a rise to a maximum at 
250°, when the surface tension is about 12 mgrms. per mm. After the maximum 
there is a rapid fall in the surface tension to about 300°, and subsequently a gradual- 
fall to the b.p. at which temp, the surface tension is about 4*5 mgrms. per mm. 
He exj)lained the results by assuming that above 160°, a new allotropic form of 
sulphur appears in the system. Some observations on the iiscent of the liquid 
in capillary tubes were made by G. Pisati, J. P. C. Schall, and R. Schlfi. Accord- 
ing to G. Capelle, there is a slight increase in the surface tension between 125° 
and 142°, and between 142° and 160°, a large and rapid increase ; and at 160°, the 
liquid becomes too viscid to make observations by the method which he employed. 
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1 also a.mtmuKi that a varidy ofX-sulplmr.whtcli ho caJh^i Ap.s'a//;//?o%c-xisiH boiwcm 
Tif)" nnd 142'\ and aixoiher variety, X^-^inlphur, l)etw<‘<si M2" aiid KiO", hufc the 
latber may be niewUy a mixture of Af and /4.“HuIf)hur, su(‘h tha.t the formation of 
iho latter eommenc(\s at 142'' and is (*oinpIcte at KKY. W. A, 1). found a 

change in tlio angle of contact beiweoii glaas anti drops of liquid sul])lnn' at iHf/ 
nnd the obHcrved angles being (>0", 43*4‘l ami respe.tt/ivndy at 130”, 

lOO^, and 260*1 lie, found tht^ surf^uu^ t.iuision at 
j dyncB p(n' (um At higher tguip. 

' " .surface iemsi on is anomalous, but there is no 

^ ^ auddtui eJiango at the ttmip. at whhdi tlu^ angle of 

Jr ^ contact of iKpiid drops (uxhibiis variations; hut 

„ 'I' Eellas showed that this statement is based 

^ AfJ 1 I ex|>erim('.ntal error. W. A, Ih iUidge said 

//;^7" that the presonco of irunxmry va.pour (duuiges tlie 

Ibe, 1 IP - Specific OxravitioH aiul form of the drops of li(]iiid sidpliur and inalces 

Siirfaeo TensionH of liquid the sulpliur adhere to the wahs of the vessel, 

hidphur at DitToreat Tompora- ]y/j_ Kellas fotmd for mol^ile or A-sulphur between 

119«4” and JDG'Od*'’ the surfatn^ tension <r (K)*40 
to 5{>*38 dynes per cm., and the mol. surface energy a(Me)«*""()r)3M to Gir)*!) ergs ; 
at iUir, 132^0*^, 142*8^ and 155d)% />r-^bH()7, 1*795, 1*787, and 1-778 respiic- 
tmly; or -59*48, 57-72, 50-77, and 55*08 dynes per enu ; and (T{AIvyi 042*4, 626*1 , 
617*7, and 601*6 ergs respectively, whilst for viscous or /x-suljdiur, he obtaiiK^d : 

155*8" 18S-5'* 211*0'" 2410’ 280*0'’ »O2*0’ 007*0'’ 445*0® 

D . . 1*770 1*765 1*751 1*7;U 1*730 1-690 1-657 1*605 

ff . . 55*82 54*69 52*83 50*51 48*55 4 7*81 *11-27 39-87 

o{Mvyi . 609*6 599*2 5B2-0 560-6 544-1 552*1 506*5 106*0 

The results are qdotted in Fig. 19. A. M. Kellas gave for the specific cohesion 
of sulphur, at 119*4^. 

.H. Rinde measured the osmotic pressure of a colloidal solm of sulphur in dil 
hydrochloric acid sojiarated by a collodion membrano from dil. hydrochloric acid; 
the membrane potential has its highest value when the acidity of the colloid is small, 
decreasing when the acidity rises, and finally approacluia zero. The <mrve for 
osmotic press, against acidity has the same shape as the membrane ]mtcuitial curve, 
but approaches a certain positive value instead of zero. This should correspond 
with the osmotic press, of the colloid particles tliemsclvcs, but the values are 
actually in the reverse order to that expected front an ultra-microHcopic examina- 
tion of the sols. All the calculated osmotic press, arc many timers larger tium those 
observed. It thus appears impossible to calculate either tlie size of the particles 
or the membrane ecjuilibrium from the osmotic press. Tlie adsorption of the 
chlorine ions by the sulphur particles varies with the cone, of tniadsorbcd ions. 
L. Itahlenberg studied the selective dialysis of .sulphur and sugar in pyridine solu. 
through a rubber membrane. 

H. Eose and 0- Mugge^^ found that the deformability or plasticity of rhombic 
sulphur are not appreciably increased by heating up to 261^^ at press, of 1000 to 
19,600 tgruis- per sq. cm. T. W. Richards gave for the average compressibility 
of sulphur between lOO and 500 atm., 0*0000123 kgrm. per sq. cm. ; 0'0()00126 
megabars; or 0-000012T atm. E. Madelung and R. Fuchs gave 12*66x10"^ 
megabar per sq. cm. P. W. Bridgman gave for the cojuprcssibility of rhombic 
sulphur at a press, f kgrms. per sq.* cm. : 

p . . 2,000 4,000 6,000 8,000 10,000 12,000 


. 2,000 

4,000 

6,000 

8,000 

10,000 

12,000 

- 0*0099 

0*0180 

0*0246 

0*0304 

0*0357 

0-0412 

. 0*0104 

0*0190 

0*0261 

0*0323 

0*0372 

0*0427 

. 0*0093 

0*0165 

0-0224 

0*0277 

0*0323 

0*0370 

. 0*0113 

0*0201 

0*0273 

0*0334 

0-0388 

0*0433 

. 0*0042 

0*0079 

0*0113 

0*0143 

0*0171 

0*0198 

, 0*0043 

0*0082 

0-0116 

0-0148 

0*0177 

0-0203 

. 0*0233 

0*0419 

0-0571 

0-0707 

0*0839 

0-0949 

. 0*0258 

0*0466 

0*0638 

0-0784 

0*0008 

0*1027 
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J. D. Strong studied tlie stress-strain curves of plastic sulphur. P. de Wolf and 
E. L. Larison gave for the tensile strength in lbs. per sq. in. of cement made from 
mixtures of fused sulphur and sand : 

Sulphur . . 25 35 40 45 60 100 per cent. 

Tensile strength 90 310 400 310 . 110 250 

The coeff. of linear thermal expansion was found by H. Fizeau to average 
0*00006413 at 40° ; and 0*046748 at 50°. J. Dewar gave 0*04384 between —190° 
and 17° ; H. Kopp, 0*044567 between 0° and 13° ; 0*04743 between 13° and 15° ; 
0*048633 between 50° and 78° ; 0*032067 between 78° and 97° ; and OjO^lOS between 
97° and 100°. A. Schraiif gave for the linear expansion in the direction of the 
three crystal axes, a=0*046698165 ; 5—0*047803127 ; and c=0*04l982486 at 17*96°, 
and 0*0471384, 0*0486039, and 0*0421441 at 21*252°. The mean value at 17*96° is 




Fig. 20. — ^Tha Thermal Expansion Fig. 21. — ^Th© Thermal Expansion of 

of Liquid Sulphur. Viscid Sulpliur. 

O-O4549593 ; and 0*0459621 at 21*252°. W. Spring obtained for the coeff. of cubic 
expansion, /3, and the voL, v, attained by unit vol. at 0° : 

0* 20® 40® 60® 80® 100® 

From • 1-000000 1*004243 1*009336 1*014632 1-023183 1*035408 

CSgSoln.liS . — 0-032122 0*032334 0*0j,2438 0*032895 0*033541 

Fwn (V . 1-0000000 1*0048616 0*10098893 l*01o0350 1*0203378 1*0200503 

Sicily . — 0*032430 (>*032470 0*0a2500 0*032540 O-O326OO 

J. Riissner found j8— 0*0001723 between 20° and 65° for a- sulphur which had been 
melted ; and for a-snlphur which had been crystallized from carbon disulphide, 
0*03147 at 10° ; O-OsieO at 20° ; 0 ^ 0^170 at 30° ; 0*03178 at 40° ; O-OalSB at 50 ° ; 
and O-OalSG at 60°, He gave for the vol., v, at 0°, for unit vol. at 0°, ^=1+0*031280 
+O*O5l866‘^—O*O7l5303. G. Vioentini and D. Omodei gave ^—0*03482 at the m.p., 
113° before melting, and 0*033540 after melting. M. Topler found for molten 
sulphur, 0*00041 between — 20° and 0° ; 0*00043 between 0° and 20° ; 0*00046 
between 20° and 40° ; and 0*00049 between 40° and 60°. Observations were made by 
C. Despretz, H. Kopp, G. Pisati, S. Scichilone, and A. Smith and W, B. Holmes. 
A. Moitessier found the^ coelf. of expansion of yellow, mobile sulphur, A-S, decreases 
rapidly with rise of temp, from 110° to about 160°, and then, for brown, viscous 
aulphur,ju-S,risesrapidly beyond the minimum giving the V-shaped curve, Fig. 21. 
The following results by A. M. Kellas were calculated from the observed sp. gr., 
and refer to the mean coeff. between the indicated temp, and the next one; 


115® 

. . O-O343O 

134® 

OO3439 

138-2® 

0*03465 

145*5* 

0*03487 

151*5® 

0*03490 

166-9® 

0*03282 

158*5® 

0*03X35 

101*0® 

0*03127 

165® 

. . O-OalTO 

171*3®* 

0-03194 

178*3® 

0*03298 

184-0® 

O-OaSOB 

210-0® 

OO3344 

239*5® 

O-O336O 

278*5® 

O-O3.I66 

837®~445® 

O-Oa^oe 


They axe shown graphically, in part, in Fig, 21. F. C. H. Wiebc gave ^■-0*032670* 
Some relations between the m.p., b.p., and coeff. of expansion were studied by 
F. C. H. Wiebe, and P, French en and V. Poulsen. A. Schrauf gave for tine coeff. 
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of linear eK[)ansion of monoclinic, or /j'sulj»hur uh 21“, 0’0,thSTSr) for o, O*()^|8()039 
for />, and ()d),j2M‘11 for c. Thcs(‘ results a,n^ alnioai proporia'onal l.o ihc laitioa of 
tJn* cryatisil a,?ccH. M. T6])le.r found for the coHt. of cuhio, (Wpajision, /j 0'()0027 
at 15“, a,n<i 0‘00(KJ5 at RKT. M. Toplcr also ga.v(*. for iiis<)Iul)l<\ a.inorfihoua Kulpliur, 

^ 0-t)()05 to i)‘(){)04 at 5()A 

!-». found the thermal conductivity of rhombic, or a-sulphur to he 

O'OOIT cal. per cm. per vSec. ])er decree of (h. W. (t Ka va' and W, h\ lligghis 

found for the. thermal conductivity of rhombic sulphur : 

20” -lO"* CO” SO ' ca" (tranHil.itm) 

k . 0-00065 0-00061 0-0005H 0-00055 0*00054 

for monoclinic sulphur 0-00057 to 0-00040 at 100“ ; for phisiac sulphur at 20^, 
A;-.()-0002 ; and for liquid sulphur, where the m.p. is 1 15“, and the (‘Jmngc-point 
is between 160“ and 170“ : 

iiiO” MO” ICO” jcrc i7o' lom 210 ” 

k . N ()-000:U 0-00():U 0-00032 0-00033 0-00033 0-00034 0-0003(; 0-00037 

H. V. Regnault found the specific heat of a-snlphuc to be 0-1776 be.twiHm IT 
and 99“ ; P. L. Dulon^ and A, T. Petit, 0-1880 ; K. lA Neununm, 0-2000 for flowers 
of sulphur; and H. Kopp gave 0*165 between 17“ and 45“ ; It. Bunsen, 0*172 
between 0® and 100“ ; 0. Silveatri, 0-1776 ; P. M.. Monval, 0-17() ; K. (5 11. Wiobe, 
0-1710; L, Hecht, 0*187 ; A, Wigaiid, 0*1719 between 0“ smd 52“ ; and 0*1751 
between 0“ and 95“ ; F, Koref, 0*1557 between —77“ ai\d 50“ ; d. DtnvuT, 0*0109 
between --255 and -- 196“; W. Nernst and co-workers, 0*115! between - 189*5“ 
and '-80*7“ ; 0-1557 between —76*9“ and 0“ ; and 0-1705 betwtnm 1-7“ a,nd 46-5“; 
W. NeniHt, 0*0300 at --250“, 0*0855 at KKT, and 0*1550 at 71“ ; H. Barschall, 
0*118 between —183“ and —73“ ; T. "W. Richards and K. (5. .laekson, 0*131 between 
—188“ and 20“ ; and C. Forch and P. Nordmoyer, 0*155 between - 102“ and 14^ 
J. Heinrichs gave c— 0*1 5702 +0*00054366 between 0“ and 100“. W, A. Kurbatoff 
gave 0*1759 bei/W''een 23® and 92“, and added that the at. ht. of sulphur at corre- 
sponding temp, is lower tliau tliose of the metals, ituHcating that the tiiol. of suljdun: 
in the crystalline state is more complex than those of the uieials. W. Her;? dis- 
cussed some relations of the sp. ht. The sp. ht. of monoclinic or /3-sulpluir is 
rather greater than that of rhombic sulphur. A. Wigand gave 0*1774 between 
0“ and 33®, and 0*1809 between 0® and 52®; W. Nornat and eo- workers, 0-1 187 
between —189*0® and —80*1®; 0*1612 between — 7f)*2® and 0®; and 0*1794 be- 
tween 1*9° and 43*5®. W. Nornstfoixnd 0*0826 at - 190“, 0*0920 at 182“, and 
0*1498 at —72®, F. Koref gave 0*1612 between --76® and 0®. M, Pndoa observed 
that the multiplication and intensification of * bonds between atoms in solid 
polymerized compounds produces a marked decrease in the Sf). ht., so that 
elements with sp. ht. lower than is required by Bulong and Ik^ditY rule, should 
have a considerable number of valencies. When the abnormal elements form 
solid soln., the complex atom is resolved into a simpler atom ; and hence the sp. 
ht. ought to rise with dilution. The S— Se-system agrees with this, for with solid 
soln. containing 4, 9, 28*77, and 90-35 per cent, of sulphur 
the at. hts. were respectively 7*03, 6*00, 5*50, and 5*78. 
C. 0. Person obtained for liquid sulphur, 0*234 between 
119® and 147®; and A. Classen, 0*232 between 116° and 
136®. J. Dussy found the sp. ht; of molten sulphur to 
be 0*279. between 160® and 201®, 0*331 Ixetwcen 201® and 
232*8®, and 0*324 between 232*8® and 264®. C, N. Lewis 
Fio. 22.— SpeciUc Heat gave for the R]>, ht. of liquid A-aulphut c 

of Liquid Sulphur. =0*21+0*000166; J. Heinrichs gave c=0*1546+0*000376 
between 112® and 210*5®. P. Mondain-Monval gave fpr 
liquid and vitreous sulphur respectively 0*220, and 0*290. For A-sulphur with 
3*1 to 5*5 per cent, of ^a-sulphur they gave 0*238 ; for A-sulphur with 5*5 to 23*7 
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per cent, of /t-siilpliur, 0*292; and for A-sulidiur with 23*7 to 33*9 ])er cent, of 
ju,~siilplmr, 0*263. The sp. ht. of liquid sulphur was re])reseiited hy the curvt^. 
in Eig. 22. 1. Iitaka gave 0*]99 for liquid sulphur at 119'\ P. Moud.iiu-Monval 

gave 0*176 for the sp. ht. of a-suJphur ; 0*220, for li<j[uid su![>hur , and 0*290 
for vjscid siilpiiur above 160''. 

From the above determinations^ the atomic heats of a- juid ^siilyhnr approach : 

-250" -190’ -71’ 0’ 

At, lit, . 0*9f> 2-70 4'87 5-51 

a-sulphur 

The estimated at. ht. from the summation law by H. Kopp is 5*52 , by 11. Vh Reg- 
nault, 5*68 ; by M. Goldstein, 5*46 ; and PI. Eutf, 5*4 for bivalent sulpliui', and 
3*8 for sexivalent sulphur. 

The early observations on the melting point of a-sul])liur — 104-5'', by J". J. Ihn*- 
107° by J. B. A. Dumas, 108°~109° by J. Dalton, JIJ° hy G. Quincke, 
111*75°-1I2° by R. F. Marcliand and T. bicheerer, and 112*2° by M. L. Krnnkcm 
heim — w^ere too low. L. M. Arons, and G. Vicentini and D. Omodei gave LI 3' ; 

G. Pisati, 113° to 113*5°; F. 0. H. Wiebe, 113-6°; G. Tammann, 114 4 ’; B. (J. Brodie, 
114*5°; and C. C. Person, and PI. Kopp, 115°. O. Silvestri found that crystals 
from a Sicilian mine had the m.p. 124°-125°, but this value is much too high. 

H. R. Kruyt, A. Smith and G. M. Carson gave 112*8° for the triple point of a-sul|>hur, 
liquid and vapour ; and for the natural m.p. of a-sulphur with 3*5 per cent, ol 
^-sulphur, H. R. Kruyt gave 110*6°, and A. Smith and 0. M. Carson, 110*2 ". TJie 
freezing point of sulphur has been previously discussed, and it was shown i)y 
A. Smith and W, B. Plolmes that the presence of a little /x-suJpliur may lower the 
f.p. of A-sulphxir, which solidifies as a-sulphur. The equilibrium conditions arc 
illustrated in PTg. 10, where 114*5° is taken as the natural m.p. of sulphur whicli is 
in equilibrium with 3-7 per cent, of ju-sulphur at that temp. J^y extrapolation 
it was found that the m.p. of idealized a-sulphur, freed from /x- sulphur, is 119-25°, 
W. Guertler and M. Pirani gave 119*2°. E. Beckmann and las fellow -workers' 
contribution to this subject has been discussed in connection with tlu^ allotropes 
of molten sulphur. The eilect of press, is to raise the m.p. ; thus, G. Tamma.nn 
found the following m.p. at a press, of p kgrms. per sq. cm. : 

p - . 199 534 914 1318 1588 1838 2M-0 2(550 3 M3 

M.p. 120*01° 129*91° 141*1° 151*1° 158*1° 163*1° 170*1° 180*1° 190*1^^ 

H. Rose and 0. Miigge observed for 19,300, the m.p. was 263°. W. ilopkins 
observed a m.p, of 135*2° at 519 atm., and 140*5° at 792 atm. The general (ilTect 
of press, on the m.p. is illustrated by the line OxO^F, Fig. 6 ; the line shows 
that a-sulphur is transformed into jS-sulphuv by press., as indicated previously. 
The m.p. of /?-sulphur was found by K. Bchaum to be 118*75° ; by A. Wigand, 
118*95° ; and by A. Smith and W. B. Holmes, 119*25°. A. Smith and W. B. Holmes 
found that the m.p. was lowered 42*5° by the dissolution ol 32 grms. of p:,-sulphur 
in 100 grms. of jS-sulphur. The natural m.p. of j8-sulphur with 3*7 3 >er cent, of 
fx-sulphur, was found by A. Smith and C. M. Carson to be 114*5° ; hy C. 0. Farr 
and D. B. Macleod, 114*6°; and byH. R. Kryut, 114*6°. For y-sulphiir—that is, 
sou/re nacre — A. Smith and C. M. Carson gave 106*8°— -C. 0. Fart and J). B. MacltHid 
obtained a similar result — and for the natural m.p. of y-sulphur, 103*4'’' j (J, (h .Farr 
and D. B. Macleod gave 103*2°. For e-sulphur, or trigonal sulphur, R. Fngcd 
said that the m.p. is below 100°. For the variation in the m.p. owing to tin^ 
association of molecules of difierent degrees of complexity, vtde A. Hniith 

and W. B. Holmes found that the same liquid is produced by the melting of a- 
and ^-sulphur., R. Lorenz and W. Herz studied some relations of the trauvsitioxi 
temp, and the m.p. ; and W. Herz, and J. Meyer, the mq>., and the critical limilH 
of existence of the liquid. 

C. Brame,!^ and C. Zengelis observed that sulphur gives oii vapour at ordinary 
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beuip. and blat'.kcnis .siiv(‘,r in its vioinity. J. Dewar also llir suhlimutioii 

af sulphur iu a,ii (Huuuiatod iuixa ui- onUiuiry U'lap., wIhmi (uu‘ limb of the taibe is 
cocdiui by li(|uid {hr. Al, r>arth(dot fouial <wi<lt*u(’a <»f tin* \ <»lali!i{^at i<?n of sulphur 
in <Iryiii,i; clnunber of a ^-nupouaUu works ; ,f. .loly iu)bal (fail, aulpliur volati- 
iizos at (jf)'* to 70"; and hh donos foimh sulphur can he \olihili/<cd jii 100“; 

(1. porter, tluit ii (uiu he sublinuxl ;ii loO in vjicuo. Ih W Tucktu* foujul that 
<lillercai rjiru'tic.s of sul])hnr suhliiac slowly at tlilTcn'iP tciap. hotwccii 25" aiicl 
no". Ordinary grtuind sulphur sul>linu\s jit 21' to 2t'i , rJihlimc.-i lailplmr iii hO" 
t.o dh", and gas luiriiuuitiou sulphur at. -lO" to bh , aiul lln* <'omp;n\at ivc r;it(\s were 
iiH 1:6: 80. d. Moss obscrvixl that wIumi some I'niynionts of roil sulphur were 
left sca!(Ml up in an exhjuisted tid>iN after y<'ars, a tninute c^yl^tallim' sublimate 
formed. A* Schrotier lUiule a,n n!iah»gous obserx jition. 0. Anutndt found that 
with a spluum ol rhombic sulphur, vohitili/.jh ion (bwtd(p<;-i plain* fac(»H which cori'C'- 
spond with the most, itnporiani. fa<H\s of the (*rystal. 

According to M. Chavastelon, the vapour* pressure of sulphur is upprmuahle 
at ordinary tcm]). hecuuac if small piecivs of rboinbi<* sulphur be k(*pt in contact 
with or near to sluwts of copper, silver, or lend, a, eiriMilar (iltu <d' sulphide, forms on 
tfic niekil around tlio sulphur, ddic r<\sult is alTe(‘tcd by linus tinnp., {unl light. 
VVitJi dry air inside a tubtnvithin which was phiced a. ipiariz iuln* containing sulphur 
and wrapped round th(‘. outsidi^ with eoppiu*, silver, or bmd win*, no t {irnmliiug of 
the metal occurred tbt ordiuary temp. an<( iwpxraal ((^ light- hu’ 10 niontJis, hut with 
moist air, a faint tarniHldug <)c<mrrcd. D. KulTimd Ih Drat’fuund the vap. [>rt\SH., 
pj in nun. of mercury for sulphur Ixdwcmi dlb? ' {lud 21 hd" : 

uu-u* m-.c iea%s' umi- r;wo‘ 

/) . o-iyni iho./2:i o-OaSu omiio om2H:» o-oxaa <m:u o-dtit) :M4 

SolUl. oixuxi 

, VV- MattiuoH gave the following v{diu‘.s for th<‘ va,p. pnm.s. of liipiid sulphur IxdAVoeu 
210*2" aiul 37U*h^ : 

*z* 22 'V* 2 ao-{V^ 2 U'{j'’ mnar mm-a* mev" auusw ;m;mr :rner 

J) . t)‘2 4/4B S«J5 2()'r> 53*5 hHcf) 183-0 170-0 250-1 

M. Bodenstcin rneusurmlthe vidiu^ of p hetwtxm d7*P\ whtm p 210 turn., and 4i4*r)3®j 
when yu-TCt) mm.; and K. R Mueller and ih A, IhirgiNSH ovm* ilu‘ range 700 
to 800 miu. ii. V. Regiuiult gave the following vahuus botvvmm dhO” and 570": 

31)0® 4ocr 440" 4-iH-rc 4S0" mar mu® {.oir* wo* 

p . 272'31 328*08 0(KPU 700 1282*70 2183*30 2781831 3105*88 3877*08 

H. V* Begmudt roprestmimj his resnltH hy the fornmhi log p 7^.1545031 

— 2*744570C>af^ 387^ where log a* d *0080084 ; while (h Antoine muployed log 

r-2-6ir>0{2-7346^--U)00{dh:i64) i} ; and V. Barus, lug // 10*770 4458^? ^ 

— 3'8G8/log 9, H Oriinor represeutod his measunnnenlM witJi a aidfdiur, at 0", 

Between 50"" and 100", hy where lug a 7*0225, lug 5 0*(.KiOf» ; whiles for 

values of 9 over 100", log a— S*B725, log b ‘^0*0310, and In pliH*.e of 9 fmt R-lOO, 
He found ; 

50® 70® 80® 100® 100® U)cr' HO*" 120® 

p . - O’O^S 0-Qa4 7 0-0012 0*^ 72 0^)0745 0*0 lUt 0*0 J30 0*0339 

a-sulpliur. jSf-BiUphur, 

The observations of A. Smith and co-workers were made on fused nulphut contain- 
ing definite proportions of A and ja.-sulphur. M. Voliner and J. Kstorinann found 
the fraction a of vaporised sulphur condensed on a cooled aurfams while the rest 
(l“~a) is reflected, lies between 0-2 and 0*5, R, Lorenz, and Wh Herz studied 
some vap. press, regularities with suixihur and other elements. In connection 
with the vap. press, of sulphur, and Lord Kelvin^s (ic, W. Tlioniaon^s) formula 
for the vap. press, of small drops of liquid— 1, 9, 0“— W, Ostwald said : 
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Tho existence of such a difference can be deinonst rated by pull iiig a liquid wluch must 
not bo too volatile, in a tube which is evacuated and sealed, and then producing a depo.sit 
of droplets on its walls. If the tube be put aside for some time, it will ho found that 
droplets which were larger tlian tho others at lir.st ha\o surrounded tb(unsolvos with ch'aivd 
spaces sliowmg that the neighbouring small droplets have distilled over to tho larger 
ones. Sulphur is a siutal)lo material for this oxpornnoiit. 

S. L, J3igelo\vaucl H. M. Trimble showed that the clear zone cited by W, Ostwald 
is produced only wlicn the central particle is solid. No clLstilhition was o])servod , 
to occur from tlie small droplets on to tlie large ones if the droplets he all kept in 
tbe liquid state. 

The boiling point of sulphur at different press, corre.- [)o ids with the saturation 
vap. press, at different temp, just indicated. J. Ik A. Dumas gave 410° at 
760 mm. ; H. V. Regnault, 448*4° at 760 mm. : J. W. Hittorf, 447° at 760 mm. ; 

T. Camelley and W. C. Williams, 446°~451° ; V. Meyer, 444*4° at 724 mm., 435*6° 
at 760 mm. ; A. L. Day and K. B. Sosman, 444*1° at 760 mm. ; W. Ramsay, 
446° ; J. M. Crafts, 447*4° ; H. M. Vernon, and H. Ic Ohatelier, 448^ ; L. Ilolboni 
and ¥. Henning, 444*51° ; C. T. Heycock and F. H. Neville, H. L. Callondar, 
W. Matthies, and H. L. Callendar and E. H. Griffiths, 414*53°; H. L. Callendar 
and H, Moss, 443*53°~443*55° ; F. G. Keyes, 444*52°~444*54° ; P. Chappuis, 
444*6°; R. Rothe, 444*7°; N. Eumorfopoulos, 444*55°, and later 414*61°; 

E. Henning and J, Otto, 444*60° ; P. Chappuis and J. A. Harker calculated for the 
b.p. at a press., j) mm. of mercury, 360*4984-0*1406539^—3443141 X 10 "^jy so that 
in proximity wuth the b.p., per mm, of mercury press. L. Holborn 

and F. Henning gave between 650 and 850 mm., 445'00°4*'d*0912(p"~760) 

— 0*000042(p— 760)- ; J. A. Harker and F. P. Sexton, 6o+C'0904(p— 760) 
-“0*0452(;p— 760)-, where 6^ represents the b.p. at 760 mm.; and K. Sclieel, 
444*55+0-0908Q3-760)-0*0447(/;-760)2. F. KralTt and L. Merz found that in 
the vacuum of the cathode light, sulphur boils at 140°, while at 40 and 115 mm., 
the temp, of the vapour of normally boiling sulphur is respectively 136°~138°, 
and 151°-'152° ; similarly at the same press., the temp, of the vapour of 
colloidal sulphur is respectively 183°~187°, and 199°~"202° ; while the temp, 
of the colloidal sulphur is respectively 204°~208°, and 223°~225°. The existence 
of colloidal sulphur is thus dependent on the press. W. Meissner, E. F. Mueller 
and H. A. Burgess, and C. W. Waidner and G*. K. Burgess discussed tlie 
b.p. of sulphur as a fixed thermometric point. M. Dclepine observed that the 
substitution of sulphur for oxygen in organic compounds usually raises the b.p., 
except in the case of water, and the low^er alcohols, phenols, and acids. H. F, Wiebe 
studied the relation between the b.p., the m.p., the sp. lit., the coelf. of expansion, 
and the at. wt. of the family of elements ; and K, Bennewitz, the vaporization 
coefl. M. Volmer and 1. Estermann discussed what they called the coefT. of vapori- 
zation. According to E. F. Mueller and H. A. Burgess, the presence of 0*05 per 
cent, of arsenic in the sulphur has no effect on the b.p., but/ 0*10 per cent, raises 
the b.p. 0*02° ; 0*05 per cent, of selenium, together with 040 per cent, of arsenic, 
raises the b.p. 0*08°, and 0*10 per cent, of arsenic and 0*10 per cent, of selenium 
raises the b.p. 0*09°. The b.p. of pure sulphur at 760 mm. press, is 421*73°, and 
the b.p. 05 , at a press., p, between 700° and 800° is 05=-~444*6O+O*O91O(p— 760) 
— 0*000049(f>"“760)-. A. W. C. Menzies observed that the results are the same 
whether the b.p. is determined with fresh or with aged sulphur. 

G, Tammann ^8 gave 151° and 1320 kgrms, for the constants of the triple 
point of rhombic sulphur, and H, W. B. Roozeboom gave 131° and 400 atm. 
H. R. Kruyt studied the relations between tlie three triple points (Fig. 6) of sul})luir, 
H. Rassow gave 1040° for the critical temperature ; and A. M. Kellas calculated 
a critical temp, of 1390° for mols. of complexity ; and 766° for mols. of com- 
plexity Se- The subject was discussed by F. Michaud, and E. van Aubel C. C. Per- 
son found the heat of fusion of rhombic sulphur to be 0*300 Cal. per gram-atom or 
9*37 cals, per gram at 115° ; and for monoclinic sulphur, A. Wigand found 0*33 
Cal. x>er gram-atom, or 10*4 cals, per gram ; while P. M. Monval gave 9*3 cals. 
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|H'i f,»r:ni\. K, StriUion au(i .1. I'J Piuii’nj'ion . jMi' yj'utu of inouo- 

riiuir, Hulphui' ; .1. Hrinrirhs, caKs. per '^rani ; .lad <! N 1 (cw i;. n sid M. 

<inlK M'^dcahi. p(‘r I’nuti lor rhoinldc .snipliiir in (Mjnilil'r'iiiin al nH)’\ utul 

1!*1) rnls. |H“r ^'r'am for nionoc.lniii*. sulphur ; thr hral. (d luaioii fo fnrni purr, litpiid 
A .sulphur is ll-acals. for rli<uuhi<‘ sulphur, and IM rah' lor mont.cliuio sulphur. 
J. Traiibo ufiloiiuMl n*;u'):] Tal. piu’ iiriwu for ihr heat o£ vaporizaticm ai, ;hHh‘ whmi 
t ho oalouIaiiMi valiio is (h.'hil)'.) < 'ui. ( '. (\ Ihu'sou p,av<' .‘Uhiouls. por "j'um, or 11*58 
Tals. por oraur-aioin. d. 11. Awlou-y oav(‘ 7b (hiltr per pj'ani. lb S. Moriiuior 
niad(^ ob.scrv atious oil this flo; culo.uhihai HMrJ r,}.!';., and o'avi' Ih-fiyo 

for Troutoii’s constaiiL lb A Ho!p<*'loiu studiod Ihir. subj(‘rt. <b Prouaor mid 

I. lirockinidliT iUihuihitaMl tJiah Iho passajL'V (»f <U p.ruiH, <d solid idiombio sulphur 

into p;a,soou.s bo-inols. is ncrompaiuod by an ad»sorp|.iou o| b'J,b(H) ral.s. 11 . bnuuuu: 
and W. SohupjpuJivo 28,800 oals.,and (bt‘y ralruiaiod ihat in (la* roaoliou 58, ^ 48(|, 

150,000 mils. an*. absorluHl ; in ih(‘ nMctjou 8 ^^ OSu, (>100 (‘air., arr ab-sorhod ; Oic 
(‘haugo of ga.si'ous 8 ^^ io 18.> a, h.sorbs 1 ) 0,000 cals. ; iho heal o( vapori’/.al ion ot solid 
88 to |j;m .<‘ous 8 } 4 'mni.s., iH 2(),000 <’a!.s. ; wbih^ Inr lln‘ ranvtu'.oiou ol '^8 solid {,o dSn- 
gasi'ouH niols., {15,000 <'.al.'<, an* Jibsiudaul. lb iN»llity.<*r p;no hn* I la* cnmuu’sinu 
of solid sulphur lo S.j UKii.s.. am a.bsorpbon of 28,Jh00 mdn. Nb f>j('rrum triad un- 
Burrosslully t.o cal(‘ula,(.(t tla^ lira, t of Ou* run, c(, ion 8 .^*., *28 at, 8 ^ 00 ' and b'lO-b', fumi 
tin* o-xplosion of iiydrngtni sidpliid<‘ witJi <*hHd.r<)jyt.i<‘. 1 , 01.0 in a caloriundriu bomh. 
Fur heat o! combustion of rhomhio or d .sulphur, lb 0. Ouluuf^; gnv 4 ‘ (o 8 , 0 .») 

8:Mi (Ms. ; 11. nus.s, 82-2 Fals. : T, Andrrw:;, 7:b8 (Ids.; lb A. Favn^ and 

d. T. Silbarmmin, 71-Od 71-2 (bd.s. ; M. Pandhrlol, OOd (lilr. ; T. I'homsr.n, and 

K. Ibd.iTScm, 71*08 (tils. For umtuKdiuir ov jl sulphur, Oh 'I'tium.nmi, and K. Ibder- 

son gave 7i*72(bihs. ; aixlfor iii.solublu, a.inurph<)U.s, or /i. .sulphur, F. Potorsun gave 

7 M)0 Pals. il. (dran foutul for On*, limit of foriuadun, (J (‘ahi. of sulphur dioxide 
and the ruiiio, R, of sulphur (*onv<‘r0al into trioxidi* to On* iotal wanght* of milphur 
^vlKUl tliui clenirni is hunnn! at a pri'ss. of p at in. : 

p , . I 2-5 r, O') 21) 25 nu 'hi 

(g . . (iO -8 7045 7hOO Tt-hl 75‘a2 77-HH K0«2(l HM5 

R . , O'hPi 0405 OOSH U'VJt) U-22H U-2UJ Un02 

J. Thomsen compa-nnl the lieais of (minlmstjon of luuurrou.s orgauh* siil[diur coin- 
pound, b; and W, Hvimitoslavsky courludiMl that hln*. Iimii of formation of the link- 
ing 0.8 is greater in sulphide.s than hi the corres}ioudinK iiuu'eapta n.s. A Bhnilar 
result was obtained with the eorresixmding (ddums and iduohol.H. H. Miisidicudieh 
obBUrved tliat a rise of tAUup. o(*curs during the, iran.sforruHt ion o,f jj- t,o a-su,!phuf, 
eq. to 2-27 uuitR of heat. This is eq. to O-Ohl Oal. at* 15' ’ in gnuimitouw. 4b Tduansim 
said that the heat of transformation i.s Odd (luL; fur the (.ransfurmatiun of g- 
into a-Balj)hur, L. T. Iteieber calculateil 0*081 (lab at 0587’; (J. Tiinuuuwn, 
0086 OaL; J. N. Jkdiusied, 0*077 Oal. at(P; and H. R Kruyt, OdO"^ 

Df>b A. Wigand gave >« -7*180 Oak per UH,d., ^H/fortiie heat uf iriuwition from the 
Holable to the iusolublo birm at IIT-P’ to I lO-fP an compared with -drO OalH, at 
.126*3^^ ; —5*39 Oala, at 131*0'’ ; and ■■ 4*7t) Oals. nh I3f4)‘b K. PeierMea gave 0d)l 
Cal per gram-atom; and H, von Warteiiborg, 0-72 Clal M. Ib^rtladot found for 
the lieat of tbo transformation of amorphous irmolublo into amurptunw soluble 
sulphur, 0-086 Cal per gram-atom ; and A. Wigand, fur the converHiun of amorpluniB 
solnble-sulphur into <x.-Bulphur, 0-64 Cal. per granvatum. Jb MutulaiieMonvid 
found that the heating and cooling curves of molten aulphur show dmeontinnities 
at 162-8° and 157-7° respectively; the heat of trauBformatiun uf rhombic to mono- 
clinic sulpknr is 2*7 cals., and of liquid to vitreous Huiphur, 2-8 (kis. According to 
It. 0*, “W, Norrislx and B. K. Rideal, if 0 cals, denotes the criticiil ineroments of the 
reaction at 3(X)°, and twice the number of free bonds of sulphur producttKl when 
the sulphinr reacts, then for ^a(2Hji4-Sa) gaseous rem^tiori (/r -51 ,4(10, n-A, and 
(7/w=i=12365 ; for H^+S surface reaction, (^25,750, and ('/ft ':.12,8T5 ; for 
the dissociation of the gas from H. Buddek result, i8i> '.'-28, (.^...50,000, and 
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0/w=12,500; for liquid sulpliur to S2“gas, F. Pollitzers result, 28,000, // 2, 

and O/'W—J 4,000 ; for the latent heat of liquid sulphur per gram-a tom from C. ( ^ Per- 
son's result, Cy/r- 1 1,600 ; for the allotropic change of Ihpiid sulphur, C=:255750, 
n=2, and CV?/ 2,875 ; for the reaction A of S+Oo, 60“2r),750, and 

C/n=12,S75 ; and for the reaction B of S+Oo, 6'==37,450, n-^(3), and Cyn— 12,480, 
This shows that the critical increment of the reaction is a constant numerically 
equal to one-half the work required to create one free sulphur bond. The subject 
was discuvssed by A. I\L Taylor and E. K. Rideal, M, Born and B, Borinann, M. Born 
and W. Gerlacli, and J. Franck and P, Jordan. For the heat of soliition of a gram- 
atom of sulphur in benzene, S. U. Pickering gave — 0*690 Cal. ; in chloroform, 
—0*697 Cal. ; iiicarbon tetrachloride, —0*624 Cal. ; in carbon disulphide, “-0*624 
Cal. ; and in ether, — 1*499 Cals. A. Wigand found the heat of soln. of rhombic 
sulphur in carbon disulphide is —12*3 cals. ; and of soluble amorphous sulphur, 
— 1*0 Cal, per gram. P. Moiidain-Monval found the lieat of transformation for 
liquid to viscid sulphur at 160"^ is 2*8 cals per gram ; and tlie transition a- to 
^-sulphur absorbs 2*7 cals, per gram. G. N. Lewis and co-workers found that the 
free energy of formation of ^-sulphur is 17*5 cals, when that of a-sul])hur is zqto ; 
for liquid A-sul])hur, 94 cals. ; and for equilibrium mixture of A- and /x-sulpliur, 
—0*8 Cal. G. N. Lewis and co-workers gave 7*6 for the entropy of rhombic sul])}uir, 
and 7*8 for monoclinic sulphur; and B. Bruzs gave 9*6 at the in.]). W. Herz 
discussed the siiliject. W. C. McC. Lewis calculated that the critical increment of 
the energy which must be added to a molecule of sulphur, kSs, in excess of the 
average energy, in order to produce a S^-molecule from the c()rres])oiKling quantity 
of Ss-molecules is 147,000 cals. ; or 735,000 cals, per gram-atom. K. Kordes cal- 
culated (> cals. T=:0*775 for S ; 3*1 for 4*65 for ; and 6*2 for 83. 8. Pagliani 
found that the theoretical temperature of combustion of sul])liur in the calculated 
proportion of air is 1616'^ at constant press., and 2000'^ at constant vol. iv. Jcliiuek 
and A. Deubel calculated the chemical constant, 2*43, of sulplmr vapour. 

According to W. H. Wollaston, the light refracting power of a“Sulf)hur to 
that of water is 0*204 : 1*336. A. des Cloizeaux gave for the indices of refraction 
of Sicilian sulphur at 17^, /3=2*023 for red-lithium light, 2*043 for yellow-sodium 
light, and 2*082 for blue light. A. 8chrauf gave a™ I -93651, /3-~~ 2-02098, and 
y=2*22145 for the i?-line ; a==l*95047, jS— 2*03832, and y~ -2*21052 for the Inline ; 
a=l*9G425, /3=2'05443, and y =--2*25875 for the A-line ; and a-:2*0 1704, /5 =*2*1 1721, 
and y™2*32967 for the //-line. A. Cornu gave a=l*958, /3— 2*038, and y— 2*210 
for Na-light ; W. Schmidt, a==l‘9760, ^8—2*0580, and y =2*2759 for Tl -light; 
a=:l*957G, j3=-2*0379, ancly=2*2454 for Na-light; and a=l*9395, /3 --^2*0172, and 
y =-2*21 59 for Li-light at 20'\ L. M. Arons gave 2*080 for solid sxxlphnr and 
1*962 for molten sulphxxr with the A-line; and 
H. Becquerel gave 1*9290 at 114® for the A-line. 

For monoclinic /3-sulphur, for Li-light, A. Schraxif 
gave a-=2*218503 at 8®, 2*215780 at 20®, and 
2*212930 at 30® ; /3=2*01937 at 8®, 2*01709 at 20'’, 
and 2*014160 at 30®; and y=rl*94157 at H’, 

1*93975 at 20®, and 1*93770 at 30®. For Na-light, 
a==2*248350 at 8®, 2*245159 at 20®, and 2*242202 
at 30® ; j8===2-040128 at 8®, 2*037697 at 20®, and 
2*02534 at 30® ; and y:^"l*959T68 at 8®, 1*957914 
at 20®, and 1*955999 at 30®. For Tl-light, a 
-.2-278792 at 8®, 2*275449 at 20®, and 2*272552 
at 30®; ^=2*0C108{) at 8®, 2-Q5B649 at 20®, and 
2*056096 at 30® ; and y=d*97B142 at 8®, 1*976370 
at 20®, and 1*074283 at 30®, E. Schmidt gave 
the results indicated in Fig. 23 for the indices of 
refraction of rhombic sxxlphnr, and he found the com^tants in fjfi— A'-) 

to be for the a-index A'=25549, m=2-4292, and ';//=M392; fi)r ihe ^-hulex, 



V'uc 23. — The liidicos of Tvofnw- 
tion of Kbombh. and Molii^n 
Sulphur. 
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A' 2 ») 0 -ir», l ij iinch/A jiud for tho.y-iudox, A' 27l*()8, 2'7r)80, 

and //d I -7087. fie also t>;ave for niolieiv sulphtir, Fig. 20 : 

<ta.s .i2r> -ni -Uis .iso nosa*) r>a7 r>(>8 
/< . . 2m, >,11 2M)21) 2MIIO \-\m MHO 1*05!) 1*027 

{\ (Alt hOerison and F. V Addealfe, n'presiMiied the refractivily of ibc vapour of 
aiilplutr liy /t i‘(K)l04()(l | 2‘12r)A*"-X 10 They said that iluM’efiaietiviundex 
for inlinitely long waves is, within 2 '|u*r (*eot'., four tmicas tliati of oxygen ; the 
dispersions also are as 1; 1. P. Alondain-Alonval and l\ SeluuM<l<‘r observed a 
l)r(‘ak at !()()" ui tfie index of r<dra<‘iioii curvo Ixdween 120 ' and 2007 V. Ihn'gholf 
found the relnietivi' index, of //gnus, of sulphur in 100 gnus, of carbon disulphide 
at 15'^ to lie, : 

0 . 0 r> 10 15 20 27 

fL . M):n72 l-0-12ai. M)r>2<Kl: JM>7272 Misnu) 

iinhsx of refrai'tion with sola, of dilTorent conconi-ration ehangi^s almost the 
same with variations of teiu]i. The wp. refraction, 0- 197d at 15" with the /^idonnula 
and 0*280 0*270 at> 25" with the /x~-forinnla, is almost indepeiuhnitf of the cone, 
and temp, of the sohi. OlKsrrvaiions were also nunle by (h .Forch, and 
(]. E. (.Juignet. JI. (!. Aladaii gave 1*778 for the refractive index of a sa,t. soln. of 
sulphur in nudhylime iodide at 10' with , /Might ; and (J. Rossi and A. ,Manescoiti, 
for solm of colloidal sulphur in sulphurie aeul. The birefringence of. sulphur 
is high, G. (^uitiekc measured the optuMil properties of sulphur coohxl from the 
liquid state under dilTerejit exmditions. T. H. Ilav clock ga ve for tlie mol. refnictivity 
of F'A 8* 1 9. Iv. Hpangenberg eompa,red the ,mol. refraction of tlu: oxides, sulphides, 
seknides, and tcllurides ; aiul W. 8trecker and R, Spitakr, the rela.tion bi‘twe<ni the 
index of refraction and the structure of organic aul])hur ooinpouiids. 

According to M, Bclepinc, in Bulpluxr compounds, vsingly-linked sulpliiir has a 
mean at. refru<‘tion 7'8t ; except in the case of carbonyl joined to sulphur when the 
constant may be 9*2() as in 0H(()Me)2, O2H5.G8.OKt, and simihirly 

(M)nstitutal sulnsta-iuM's ; and further variations o(*cur as the (‘ompoimds consldeiMul 
become more complex. In the case of sulphur singly-linked in nitrogen compounds, 
as in C2H5.8.SN, or NEkA^ : NEtj.SEt, the moan at. rcfractioti is afiout 8‘1)0, but it 
sliowvs considerable variation in the iminothiocarbonates and iminodithiocarbouates, 
and in the tliiocarbainides becomes 10*75. in isomeric componnds cemtaining 
sulphur similarly linked, the refractive indices arc of about the same value, but an 
isomeride containing doubly linked suljdiur always has a higher refractive itulex 
than one containhig singly linked sulj>hur. The atomic refraction for /ia-ray, 
with sulphur, in its three states of aggregation, was found by II. Nasini and 1\ Costa 
to be 10*5 to 1 6*0 res[)ectively with the /x-formula, and 7*7 to 8-2 with the /x'*^-formula. 
With the ju-formula, E. Wiedemann found IT-OT for single-bonded sulphur, and 
15*20-1745 for double-bonded sul]>hur ; while with the /x‘*^-fonnula, single-bonded 
sulphur gave 7*94, and double-bonded sul]dmr, 9*09-9*44. R. Nasini gave for single- 
and double-bonded sulphur, respectively, 14*10 and 15*61 with the /x-formuia, and 
7*87 and 9*02 with the /x^-formitla— using the jF/a-hne. According to J. H. Glad- 
stone, “^he at. refraction in its three states of aggregation is 14 for single- and 16 for 
double-bonded sulpbur. The at. dispersion is, respectively, 1*2 and 2*6. R, Nasini 
found for compounds of the i;yj)e SXg? where X denotes hydrogen, a halogen, an 
alkyl-radicle or a metal, tlie at. refraction is between 11*78 and 17*05 with the 
jx-formula, and between 7-52 and 8*51 with the ju^-formxila ; if in compounds of the 
type 8X2, the sulphur is connected with a carbon atom which is in turn united with 
oxygen or nitrogen, the at. refractions hj both formulm are in agreement, and also 
with the results with SX^ compounds. In polysxilphides containing a S - S-group, 
in compounds of the type XS^^X, where X is a univalent metal or radicle, the at. 
refraction with both formute are nearly the same ; the sulphur in compounds with 
the S==C-group, and the sulphur in sulphur dioxide and its oxy-derivatives has a 
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liigh refraction and dispersion ; while in. sulphines of the type SX4, the at. re- 
fraction has not a constant value. I. *1. Kannonikoff found the at. refraction of 
bivalent sulplmr is l-l-l ; quadrivalent suljihur, 8*72 ; and sexivalent sulphur, 4*85 ; 
while H. Hcrtlem obtained for liivalent sulphur, respectively with the /x- and 
^--fonnula^, at 20°, and Na-light, 14*44 and 8*46 for K2S20^™- 1X3830(5 ; 11*70 and 
8*53 for K2S303-*-K2^^40(5 ; 15*53 and 9-02 for K2S4O6 — Ko 850(5 ; and 14*30 and 
8*36 for llaSoOc,-- BaS^Oy. 01)servations were also made by E. Ketteler, 
G. H. L. Hagei), J, A. Wasastjerna, A. Schrauf, E. Nasini and G. Carrara, and 
8. Opolsky. C. P. Smyth studied this subject ; and J. E. Calthrop, the relation 
between the at. vol. and the index of refraction. 

E. L. Nichols and B, W, Snow found the reflecting power, R, of molten sulphur 
for light of wave-length, A, to be : 

A . . 6085 OOSO 5570 4920 4685 4500 4340 

125'" . ~0-082 O-OOJ 0*634 0*571 0*318 0*163 0*055 

^‘\103'" . -*-0 457 -- 0*368 0*332 0*205 0*094 0*040 

J. Kerr found that the electromagnetic rotation of the plane of polarized light 
by sulplmr is strongly positive, and H. Becquerel found that VerdeFs constant for 
liquid sulphur at 114° with Na-light, is 0*0803. M. A. Schirmann, and G. I. Poko- 
rowsky studied the polarization of light; B. Ray, and S. Venkateswaran, the 
scattering of liglit by sulphur suspensions ; and Y. Bjornstahl, the electric double 
refraction. J. 0. McLennan and A. F. McLeod found that the Raman effect in 
liquid sulplmr agrees with the assumption that weak di-poles S'— * 8"* are present. 
The subject was discussed by C, P. Snow, 

TJie flame spectrum of sulphur or of hydrogen sulphide is continuous, but if a 
hydrogen flame contains only traces of sulplmr, a band spectrum is produced. 
G. Salct 21 precipitated sulphur from the blue flame of burning sulplmr by chilling 
the flame ; W. R. E. Hodgkinson also said that a flame of moderate size will deposit 
sulplmr on the cold surface of a substance placed in it, and hence ho suppovsed that 
sulplmr volatilizes before it l)iirns, without considering if the sulphur came from tlic 
sulplmr dioxide. W. D. Bancroft and H. B, Weiser showed that sulphur can be 
deposited from a hydrogen-sulphur dioxide flame. The band spectrum of sulphur 
was first observed by E. Mulder, by heating sulphur near the oriflee of a glass tube 
from which there was a flame of hydrogen. G. Salet increased the luminosity of 
the flame by causing it to impinge on a stream of water falling vertically. G. Salet 
thought that this si)ectrum is the same as the spark spectrum in the vacuum-tube, 
but A, Schuster added that G. Salcffs observations make it appear as a now spectrum 
where some of the lines may coincide with those obtained with the spark spectrum, 
Observations were made by W. F. Barrett, M. Faraday, R. Bdttger, A. J. Angstrom, 

C. H. L. von Eabo and J. Miiller, A. Mitscherlich, J. J. Hopfield, H. C. JDibbits, 
K. Heumann, J. Salet, H. W. Vogel, W, H. Julius, W. N. Hartley, L. and E. Bloch, 

D. K. Bhattacharyya, P. Lacroute, and R. J, Strutt. If sulphur be heated in a 
vacuum tube, and the jar-discharge passed through the vapour, the spark-spectffum 
or the line spectrum appears, and the following lines ate the most x)rominent : 6660, 
6640, and 5605 in the yellowish-green; 5562, 5508, 5471, 5425, 5439, 5430, 5342, 
5320, 5215, 5201, 5143, 5103, 5033, 5013, 4993, 4926, 4919, 4903, 4885, 4816, and 
4716 in the green ; and 4552, 4525, 4486, and 4464 in the indigo-blue region. This 
spectrum was first mapped by J. Pliicker and J. W. Hittorf ; and J. M. S6guin 
obtained it by passing a spark through the vapour of sulphur heated in hydrogen 
at atm. pi ess. 

If the ordinary discharge be passed through a vacuum tube, in which the sulphur 
is kept boiling, the so-called band spectrum is produced. This spectrum was ob- 
served by J. Pliicker and J. W. Hittorf ; and G, Salet first observed it as an absorp- 
tion spectrum by passing the light through sulphur vapour at a high temp,, and this 
was confirmed by D. Gernez, and J. N. Lockyer. J. I. Graham found that photo- 
graphs obtained at constant press, over the above interval of temp, show that two 
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dRtinrI ahs(ir{>iioti rii an' pna-uait, a.ial lh<*!a‘ nr<‘ at t taf aricd |u | )h‘ inoliH'ulat: 
aainpliWt'H Sh and H.., and ihat^ ahovt^ 580' On* Sj, inohaailiM t!i/'.«H*ialr diiwily 
into 1*ha <lia 1 ' 0 !sru‘. inol^aaiii'H, wla*n*as at. ur Im'Iow di: Monatiou iak*';. placa. with 
t-hn ioriiKit-ion <>t iu(>1(m*uU‘s which arc* int crnaaliah* in (aau picMf \\ 'I In* lauaLahave 
a sharp liinii. in ilin, vioici am! Oa'V jihinh'oiT in l-hc rc«h 'I'hr atniv nt.pnrfant ImmlH 
4 U'c aihOthh *VJ:3K hlDK r>()8‘), hOlh dhhl, an<l -lOOi in tin' tc'l I . 41)56, 

am! 4t»l()in thn l>lu(' ; ami 447! in the indi‘M) Ol mervat inn.*, on I [jc .-park c,p<a4'.nnu 
wcrcnnult' hy <1. Oliickcr, W. Mi]hn\ A* Mil ludnadioh, 0 Saint , \. A. J* An|^« 

Hi-rhin, IwChiprnin Ih I lassidlnn'i*'. A, V\'iilhnn\ \\ . N. ilart Inv. 14 nninanyi v, J, Halct, 

A. <!«' (irmnnni, 16. Ranck('n, J. M, hahn* ami K Valcnln. Ik th NulOn », A. I!a|i;cm 
hiuduindlL Knmai, K. Hnak !6. (hddi’icin, <0 Stead, ami h* knaun ami hk llaschclc 
M. Cnric siaidiiMl ilic spark .‘;ptM‘truin of lipunl cadphur. Ute oUnrl n! /n‘c.s\wnv’ and 
fenipc^diiov was st udied by »!. Idvcndnnh and 0. h. thaniiniau . I hr nfliaA of (j, 
mtjfwiieJ'K'fti - the Za'cinan clTtM-t. wan c,xa.ininnd hy !6. \atj Auhnl, aiid tJ. Ih'rmlf;; 
ilin ctTtn‘.l ()f .sY7/-f;nha‘/Am, by A* dc <h‘jmiont: and tin' nll'm i on Uin c.pcct rtnn nt 
arii:on, hvK-. (k dnlnmon and W. 11. l>.<kimcron, a.nd J. t k Alchcnnan and no wurk('rH. 
'riu' arc spectrum was studied by A, 0. Kolcy, and J. d, llopkndd. dim {ipccirnm 
of Miiipfnir excited by a.etivn.ind nitrogen wm; <‘x;nninoil lt\ 10 J. Strutt*: of tho 
<‘at4i()deliiiaineseeuc(‘, by ih lanvia; and of tin* (deel rnih’hmr. direba rpr, h\ U. BidnsHc, 
and W. "V/. iShuAYnn 

The ennt.iniHma absorption spectrum <)f mdpbur waa o.xiandinHl by Ih ihnwHter. 
li is Heen when sidphnr iw h(‘atnd in a hOYan. t.td>c eloand so that a l»cani of li|»;ht, can 
he sent Joa^iiucliindly through the va(><)ur. I). thnuH'/, ahnu^nl that (dinnyc t){ the 

('onf-inuoiiH to tli(‘ hand sped.ruttj seinnato b<‘<*onmn’i«Nl with and dcjumdcnd. on the 
fhatige in the vapour density of sulpluir hctAV<n*n hlH)*' aial louo k d. d. lh>hhie 
iind d. ♦!. .Fo-x foumi tliaitdie ah.sor{)tion Bjaad nun rdunlcna an Oic l<‘nip. in raimal to 
fjhfr, after wliidi itd<'np;tho ns again ; there in, t herefonn n fnaxiintiio nhata'pl ion at 
tdiis ienp). whi(‘li eorrempondH ■with the ()r('ss(mee of raolecnh‘a. They eomdude, 
therefore, tdiat at suitahle teiup,, sulphur vapour contain;; S.^ k'io und Hg uioIh, 
M. Fukudahairul that the abKor}dh)nHpce.triun with a lay(‘r (dmdphiirOdI nun, ihlckj 
slowly healed uiitrl nielled, exUnuls from the ultra violet, up to A (t ldSp at OA and 
oxteiids a furilnu' 2/i/4 towards tlio red end for every Kf rine of temp, up to dfitfk 
No (ihconiiTudty was observed at about 'ItUVk The abH«)rption npectruni of plnniio 
sTilplair (lepcndH on the initial teinp. to whi<’h the mdfdinr m In^atcft tluring its 
]>reparatiun . The higher tliis tertip., the further doen the idnsorptinn I'Xtend from 
the nltra-violot towards the red end. The absorption Hpectrnin waa (nxaanine.d hy 
G. Salet, dk Mot, J, N. Ikoehyer, W. Friedericha, Ch It hivein^^ am! J* Dewa^ 
J. Tyndall, T. P. Dale, I\ ihiwA, JL DeslandrcNS, Ih Hoaen, A. M. 'Faylor 
and E. K. Jlideal, M. 0. Teves, V, Henri and 11 0. IVves, 16, Ikiterno and A, Mamm^ 
oheJli, W, W. Coblente, V, IJonri^ H. .Wildt, K. Lovvater, and d. 1 Draliarn “ 
vide infra, sidplnir dioxide. In sigreement with J. h Gmhanu IC Jh W, Norrinh and 
PlK.Kideal observed a band of maximum nlmorption in Hulphur vapour at 2750 A. 
J. C. Mclennan and co-* workers studied the iluoremnwospeeinmi of sulpluir vapour. 
M.Tnkudafoimd that the absorption of light hy pluHtic Midphur in chdcrniitied not 
only by the temp., hut also by the temp, at which the pluntic*. milpliut wiw prepared 
—the higher tlio initial teinp,^ the longer the wave-length (d die*; edge* of the absorp* 
tiou band. ^ He inferred that plastic sulidnir k a complex mixtiwi of and H|g-inok 
J. E. Purvis and co-workers studied the absorpthm spactra td organit; c.c, impounds 
in which sulphur replaced oxygen, and found tliat defuute a!iH<irpt 4 on. !)HndH arc 
shown by sulphur compounda with the following strueturiil gr«)UpH : 


S:C<2; ‘'^=‘^<0 0;G<| 


,H.S: O 
.B.C: () 


() 

.O.C: 0 


but not \Tieii the sulphur is replaced hy oxygen. The bivalent S : C-group is 
ft porverful chromophore. Tn certain aromatic coniponndt^ f'.^. phenol, and heuzyl 
alcohol — the replacement of oxygen hy sulplmr obliterates absorption bands, 
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Althougli oxalyl cMoride is colourless, it gives yellow soln. wltli a number of 
imsatiirated compounds, and compounds containing oxygen or siilpbur. The 
resonance spectram was studied by 
B. Rosen, who gave 2-91^2^ 

where a is 33,359 for the exciting mercury | so 
line 3132 A. The ultra-red spectrum was | 20 
studied by W. IL Julius, A. M. Taylor, | 

A. M. Taylor and B. K. Rideal, J. W. Ellis, ^ 

V. J. Silivoneu, and W. W. Coblentz ; and 
the ultra-violet spectrum, by J. L. Soret, d-jq 24 .— Ullra-rod Transmission 

J. J. tlojilield and G. H. Uieke, J. Gilles, Spectrum of Sulphur. 

P. Lacroute, E. L. Nichols, J. Pauer, 

J. M. Eder and E. Valenta, and G. Berndt. W. W. Coblentz found the 
percentage transmission or the selective absorption in the ultra-red of a plate 
of sulphur 3*6 mni. thick to be that indicated in Fig. 24. N. Pihlblad, and 

R. Audubert studied the absorption in alcoholic sohi. of siilphux. G. T. Gibson, 
H. Graham, and J. Reid studied the effect of the valency and mode of linking 
on the absorption spectrum of sulphur. The series spectrum, or conii)ounci 
line spectrum of sxilphur, has been observed only with spectra in spectrum-tubes. 
Nearly all the lines are included in a system of triplets similar to those with 
oxygen. This subject has been discussed by G. Salet, G. L. Ciamician, 
J. C. McLennan and co-workers, C. Runge and F. Paschen, I. S. Bowen, I. S. Bowen 
and R. A. Millikan, R. B. Lindsay, A. Schuster, J. J. Hopheld, 0. Laporte, J. J. Hop- 
field and R. T, Birge, J. J. Hopfield and G. H. Dieke, E. Bungartz, B. Dimz, 

J. Gilles, A. Fowler, S. B. Ingram, D. K. Bhattacharyya, L. and E. Bloch, 
H. A. Kramers, and W. M, Hicks. G. Balasse discussed the continuous emission 
spectrum from the electrodeless discharge. 

H, Fricke and 0. Giasser discussed the ionization of sulphur. M. Born and 
E. Bormann gave 2-16 volts for the ionization potential, and 50 units for tlie electron 
affinity of sulphur ; while J. J. Hopfield gave 6-50 volts and lOBl volts for the 
ionizing potentials of sulphur vapour ; S. B. Ingram, 23*3 volts for the H-II-ion ; 

B. Davis, 12*2 and 35 volts ; and F. L. Mohler and P. 1). Foote, 4*78 volts for the 
resonance potential and 12*2 volts for the ionization potential. F. Holweek obtained 
163 volts for the critical potential of the L- and ij^x-levels in the sulphur a-tom. 
G. Piccardi, and B. Rosen discussed this subject ; R. N. Ghosh discussed the 
relation between the ionizing potential and the electronic structure, and S. C. Biswas, 
the mol. vol. 

The AT-series in the X-ray spectrum was found by H. Fricke, ^2 0. Stelling, 

K. Chamberlain, P. A. Ross, H. Robinson, B. Ray, F. L. Mohler and P. D. Foote, 

D. M. Bose, y. H. Woo, S. Aoyama and co-workers, A. Bjorkson, B. C, Mukher- 
jee and B. B. Ray, W. Bothe, E, Backlin, A. E. Lindh and co-workers, B. Davis, 

L. A. Turner, and E. Hjalmar to include 5*36375 ; aia, 5*36090 ; a,^, 5*32837 ; 

5*32174 ; 5*0213 ; and^S.^jy, 5*0128. S. K. Allison, F. Holweek, B.C. Miikherjce 

and B. B. Ray, and S. J. M. Allen studied the L-absorption spectrum ; H. Duvallier 
observed no L^^-series with sulphur. C. G. Barkla studied the J-series; and 

E. C. Mukherjee and B. B. Ray, the Af-series. E. BacMin compared the Jf-series 
in the X-ray spectrum of sulphur and barium sulphate, and inferred that the effect 
of the combination of an atom with other atoms is to displace the iC~levcl nearer to 
the nucleus, and to displace the Ji-spectral lines towards shorter wave-lengths. 

C. Doelter found that thin layers of sulphur are not transparent to X-rays. 
L. M. Alexander, and B. B. Ray and P. C. Mahanti discussed the absorption of 
X-rays, G. L. Clark and co-workers studied the secondary and tertiary rays 
from sulphur exposed to X-rays. C. M. Slack studied the refraction of the X-rays ; 

S, J. M. Allen, G. Schanz, T. E. Auren, S. Aoyama and co-workers, and N. Ahmad, 
the absorption of X-rays by sulphur. K. Chamberlain found that in the absence of 
free oxygen, sulphurous acid is oxidized by exposure to the X-rays. L. Prischauor 
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found ihut. uiu!o,r(nM>io,(l snlphur <'.ryMf.allix(\s whon (‘xpn;uMl to radium rays. 

N* raysj an.(l y-rayn jiro without indunnu'; a»niys ('(uihl not pi'n(driit<^ Uu^ 
of iho (‘ouiuinin^ vnsauh hancu thn rryal jillizjii.iou wan iiHluro<i by t-lu' /i-rays* 

A. Ij. .boloy oKauunod tin*. oflVct» of OKpoHuru in X ra-ys, or to ultra, violot light 
on tin*. Hp(M*tru!u of sHuIpluir. Y. H, Woo in<'n,snr<Hl tdu' (huupt.ori olTtu-.t with 
X“'niys from s^nlpiwir au radiator. <1. Stark and It. K\inzor«‘* ahowud i-hai tliu 
canal ray spectrum of Kulphur Iuik m arc sp«M‘,tnun (ncriou :;|) 0 <d.rU!n) whi(di is 
atirihutod to posit Ivady clnirgod tnoh^cuIcNS, So, carrying a. winjdo <’hargy ; ilin linos 
of a sco.otul lire*, spi'ctrnm arc. attnhuiod to ]>OHitivc utnvaloni. i«mlpiuiv atoms ; the 
aharp spark linos are attrihuiaal to po.siiivi^ hivahmt sulphur atoms ; and the dilTuse 
spark linos to positive tervalont sulphur atoms, M. Ishino and B. Arakalsu found 
tiliat wlieii (‘/Jirbon disTiliiliich^, or Bulphur dioxulc is Introilnccd into a. ])osiiive ray 
tube, negatively charged sulphur atoms are formed. A, Ij, llughos and A. A, I )ixoi) 
gave Hhl volts ?or the ionirdng potential; a,nd K. T. tkunptoip 4*20 volts. B, j)a.vis 
st.udied the telaiinn betw<'eri the critiead pohmtial naul tin* index of refrathdou, 

J. E.'JA Wagstangave7*2x lO^- for tin's vibration fre(iuency of sulphur; and W. 

K. lb)lwe(dv% and W, 1 h^rz: stiU(lie<l tlio vibration freqmmey of the 
sulphates; and M, Born and K, Ikmnann, tdve idei'd-ro aHinity of sulphur, 

According to K, Amhihert,-^ in the enseof sulphur suspimsions, vm^ysiuall graaiulea 
arc formed instaatly on dilutitig the itlcoiiolic sola, wifii water, ddu'se grains 
gradually grow both by fixing new molecules of Bulphur and hy a gglon Hunting. 
Light of short wave-length aceoleratos this growth, but light, of long wave huigth 
inhihitH it. There is an interme<liat/e region in idie yellow, which is without elTeci 
Gdm active ra.diaiions an', most strongly uhsorbeil by the 
"I 'T I I 11 Buspimsions. hdus growth of granule iw a phenomenon 
^ wimilar to a(lsor[)tion. Light nuHlihes tin^ speml of lulsorp- 

'1 y tion <)f the ion.s which eorisUtuto the lonh* <mviroum(mt *’ 

i?^ m “ ionic atmosphere ” of the grannies. Aet*ording to 

, A. Lailcinand, when a ()eam of light from t-he wiuiH tlirccted 

LiSi't by^^^olu- through a sat. s<dii, of sulphur in <*arhou djsulplu<io, 

tioiis of Stdpimr, umorphouR sulphur is precipitaiml as a. htn* powiiec in 

the track of tlu3 ray of liglit. All i-lu' light, from d to U is 
transmittoii, while the viohd, and. nltra-viohd. light la^youd U is jibsorhed. 
M. BextAiolot verified these observations with light frotn tdic. tdetd.ric’- ar(‘. ri(*.h in 
nltra-violot rays. A. Wigand’s mcaBurementH of tlie absorfdami of light by sohu 
of 36 grms, of sulphur in ICO c.c. of carbon disulphide ; of 1-17 gruis. of sulphur 
in iOD c.o. of l)en7.eno; and M grins, of snlphur in 100 <*.c. of carbon hdra- 
chloride, are illustrated by Fig. 25. M. Ikrthelot found that th(3 beat o£ trans« 
formation is so small as to make it probable that light Him ply a(d:<s m an (sxciting 
agent and does irot effect the work of transforniation. K. .Betersen observed mi 
evolution of 910 cals., but the two varieties of sidpimr may not havt^ been the satrio. 
A. Wigand found that when a gram of inHolnblo sulphur is pnicipitated from a 
carbon diBulphide soln., 15*8 cals, ate absorbed, and ratlmr less with sohu in (sarbon 
tetrachloride, or benzene. About 0*24 per cent, of the energy aljsorbed by the soln. 
from liglit is spent in bringing about the transformation U. A, 'Harikin showed that, 
at a constant temp., the greater the cone, of tke soln. of Rulphur in carbon disulphide^ 
the less the intensity of light for precipitation ; and for light of a givcm intensity, 
the precipitation increases with rise of temp. Amorphous sulphur is likewise 
precipitated from soln. of sulphur in carbon tetrachloride, aceixme, toluene, and 
benzene. M. Berthelot assumed that light acted only on diss(dve<l sulphur, hut 
O'. A. Rankin showed that the reaction takes place more quickly in tlio of 
the solvent because no surface film i.s formed. The rcHult is a displacoruent of 
equilibrium between two solid phases: SrhomHk (dark)T”:iBamomiiona (light). The 
reaction is reversible; the conversion of amorphous to rhombic sulphur taken 
place only in darkness or in very feeble light. Rhombic sulphur is the stable 
form in darkness; and amorphous sulphur, in light. Ammonm and hydrogen 
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sulphide accelerate the reverse action— rhombic to amorphous sulphur— and 
prevent the precipitation of amorphous sulphur in sunlight. This is in agreement 
with the observations of A, Smith, and M. Berthelot. At 22-5"’, with an arc-light, 
G. A. Eankin found that with light of varying intensity and soln. of sulphur in 100 
grms. of carbon disulphide : 

Candle-power . . 5 6*4 10-4 11-0 12*2 23*2 

Grams sulphur . . 46-7 16*0 11*2 8*0 4*8 3*0 


3 ^ 
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^ 20 00 
Grms Sjoer/OOir/7?s£S:. 

Fig. 26. — Equilibrium 
Curve of Amorphous 
Sulphur, Solution, and 
Vapour. 


The results are plotted in Fig. 26. The curve AB represents amorphous sulphur in 
equilibrium with soln. and vapour ; the line BC represents the solubility curve of 
rhombic sulphur on the assumption that it is not affected 
by light. At jB, rhombic sulphur, amorphous sulphur, 
solution and vapour, are in dynamic equilibrium. In the 
field above the curve, amorphous sulphur is the stable 
form, while below the curve, rhombic sulphur is the stable 
form. The light necessary to maintain amorphous sulphur 
ill equilibrium with the soln. increases as the cone, de- 
creases, until finally the curve approaches the line of 
ordinates asymjitotically as the cone, approaches zero. 

As the cone, increases, the light necessary for equilibrium 
decreases until the point is reached at which, for a given temp., the solvent is sat. 
with respect to both forms of sulphur. This quadruple point for a temp, of 22*5° 
is not at the point of total darkness but at an intensity of about 5 candle-power. 
As the temp, for any given cone, is increased, the intensity of light required for 
equilibrium increases rapidly, showing that the rate of change of the amorphous 
sulphur increases with a rise of temp. At 40°, it takes about 45 candle-power to 
produce the first precipitation of amorphous sulphur from a sat. soln. A. Wigand 
found that the equilibrium Ssoiubie (dark)#Sin 3 oiui 3 ie (light) is displaced by light 
ill favour of the soluble form ; and, as indicated above, the reaction is reversible. 

F. A. C. Gren,-^ S. F. Hermbstadt, and J. J. Berzelius observed that sulphur under 
certain conditions may exhibit a glow or phosphoresence. E. Eobl observed no 
fiuoresceiice in ultra-violet light. K. Heumann found that the glow is best obtained 
by placing sulphur on a shallow tray supported above the bottom of an air-bath at 
about 240°, and allowing a current of air to pass over the molten sulphur. When the 
conditions are properly regulated, a large flame is obtained, which differs from the 
usual blue flame of burning sulphur, and which is relatively cold. The cold flame 
can be maintained for a considerable time. The experiments of K. Heumann, 
E. Mulder, C. L. H. Schwarz, L. Bloch, 0. Jacobsen, H. Moissan, and L. Bloch, 
and T. E. Thorpe show that phosphorescence begins at about 200°; and of 
J. Joubert, 100°. W. H. Watson’s observations lend no support to the view that a 
lower oxide of sulphur is formed during the glowing of the sulphur ; he conchidcd 
that when air passes over sulphur heated to a temp, below its ignition-point, the air 
becomes charged with sulphur vapour, which, as the temp- falls, separates as a mist 
or cloud of very small particles. The oxidation of this finely-divided sulphur gives 
rise to the phenomenon of tlie glow or phosphorescence, hut there is no evidence that 
at any stage any oxide other than sulphur dioxide is formed. K. Heumann com- 
pared the smell which accompanied the oxidation to that of ozone or camphor. 
According to J. Joubert, the phenomenon is quite analogous with that of phos- 
phorus ; oxygen is necessary, and there are upper and lower limits as with 
phosphorus, but L. Bloch showed that, unlike the case of phosphorus, the formation 
of ozone is not accompanied by any ionization phenomena. The combustion flame, 
which replaces the phosphorescence effect when the temp, of sulphur is raised to 
360°, is non-conducting, and the oxidation of sulphur dioxide by air in contact 
with spongy platinum is also unaccompanied by the production of ions, 
H. J. Brneleus found that sulphur dioxide and a small proportion of the trioxide 
are the products of the phosphorescent combustion of sulphur. No traces oC an 
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oxide more V(da,i.il<' than i lu* dic),\i<l(\ nad no r\j«h*n.N‘ ni' ih»‘ lumuHiun <sf oy.oiio 
were ol>H<TVe(l. Sidphur hIiowh uo nhnxr whn h {li«‘ r t\if laihui ts noih 

luuiiiauiH. {dulphur {lio\i<li‘. sind a ot <»r*>.inir x.sfMun, nihihii tin* *do\v, 

I1ic ieinp.at whie.h the appesi re. i: * hednT, \ Im* *m t hr cnfir ot | ho inhihitimi 
II, B. Baker aiul \i. J. Strati- <vl»s(‘rw*d a hfur }dtn -plmr r, < mro when u7,«inh(i(l 

oxyj^en is paas('do)V{M’ aulphtir. d'he triboltiniiiucKeeiu*^* of - idpf.ui u.r* not ohsi^rvinl 

by J . Ik i)(Nsaa.i|ii;iH‘S, •!. B. Heerari, ntid Ik Utnuneh , hip lUfiid, aiui J. Ibb 

nouili di<i obsiM've iJje phenoniennrn 

hk l)i(\Hieimeier,”‘» and \V. Si eiiidme; fomnl 1 lial Jdo' «m\ «M'n. i fw x a pour of aulplmr 
exIuhiiH a fluoxeSCeHce at abnut * 10 n" fau) h whni iwpo.r.i to ihr inihnnuat of 
whitc^ or t.lu'. Hfi;ht einitt.ed by 1 In* are loruKaj IkPvxoph «drrf varioiit! 

tiKp-ala; atul xvlieri wpark <liaehar*^e8 an* naed an fin* nourof' oi r\epatiuiu Tk 
it IK n*eHci nice k ohnerviMl only with vapoorn of low doie/Px, .b n, Perrnie, found 
tdiak sulplinr nhowinj no Unonwaaiee on cxpwaire to uh ra viohP raya, nr wluni 
I'XpoHinl for Id hw. to X -rayw. The vvuiVo haiyj fi of tlo' li'dp t* bet ween 'itHH) A, 
and d2()t) A. ddii' iBuoreSCencespectmm indineontinnoni, :uul .Jioiw; more or !<‘sh 
fiudile groups of Hues or handn. ddie thion’M'toK'e \\ ‘p'fMlh' \\«Mkem‘»i hy a,dnuX" 
iairc with otht'r g;anes nr vapours, Ik ihuien, ufal J. Mebommn and eo workitB 
siudital this subjind-. F, l)i(‘stehuei(‘r ueeninied that (ho eontnM ol emission arts 
diatoinio molceuhss. K. Khrenluift (d>nerved a pliotophoia^siH wills tin* pariicks 
of Siulplinr, for they moviMii adireef.iou oppoKile tiilhal of « hejm of liylil n<‘|^atm 
jvhotopIsorcHia. J. Ikirankimvii’X showial that with piuiieloji of radina Sa,J() « to 
hOX id <’ (un,, idK‘ Hulfsluir psudhdos ore m^gativo, and there in a insiximinn isfloCrt 
with partichns 27 X 10 The ed\V<d- in indepeudoni (d' the pie-.nmsnd clnunical 

nature, of the. surroniuUng g;as. It. in supposed that tin* eilVel m dm* to itie diroot 
action of liglii oii th(^ material rf. wbaiiuin. 

J. Monckinan,-^ ¥, Kiinipf, a.nd A, <bsldiuanri and S, Kahind^ k foiuid that 
sulphur ejchibits a photoelectric effect* When is aleiorbed by a. phoiochso* 



Fro. 27,— Hr© Variation of tho X*h<itooltM*t ric (lumup. of Hulpimr with the Strenidh oltbci 

Applied Bloct rks Idokl, 

trioally active suhstance, ui a tliie.k tiuovigli layer, ike phofaiideedrona a, re releiwd 
ia the aubstance itself as well an from the Htirface,. If tlie nulmtaueo m not a g(wd_ 
conductor, as in the case of sulphur* the photoelecdroim which do not- (miergenhoiild' 
impart a slight electrical conductivity during ilhuuiiiiition. Tini temporary aupj^ly 
of free electrons accounts for the. conductivity HeirnduuK The elTect with 
sulplmr requires light of wave-lengths shorter than about A' for ilH produetioa. 
The subject was studied by M, J, Kelly* B* Kumdrrmyer shenved that t-he current 
produced in sulphur by a given illumination, oi-hcr conditicniH lining (apiid* is ilirectly 
proportional to applied electric fieUi from 20 to 10,000 volts per criu, iw illuHimted 
in Fig. 27. This is true for light of all intonsit-ies examined wit'h tdm diamond, 
and zincblende. The curves^ depart from linearity with electric held« below thoso^ 
required for saturation. This means that if there is a Bat.umtkm Ihdd hir milplnu, 
it is above 50,000 volts per cm. No evidence of a HOttoiidiiry current c*ouId bft 
detected with sulphur* The amount of excitation m fclie wane whether it be pm- 
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diicod with or without the field. The maximum value with illumination represents 
a state of equilibrium between the rate of formation of electrons, and their rate of 
recombination. The similarity of the growth and decay curves, Fig. 27, shows 
that the rate of recomhiuation of the electrons is not influenced by the illumination. 
The variations of the photoelectric current arc pro- 
])ortional to the 'inicnsUy of illumination. The current 
reaches its full value in a very short time after the 
crystal has been illuminated, as shown in Fig. 28. As 
soon as the current flows, some of the positive ions 
begin to accumulate in the crystal, and these gradually 
r(‘ducc the effective field so that the current decreases 
with time during the illumination. A, Fig. 28, is the 
sum of the time photoelectric current, and the excita- 
tion current, and B, Fig. 28, represents the time photo- 
electric current. The curve representing the variation 
of tlu^ current referred to unit incident energy, and the 
wave-length of the incident light, A, Fig. 28, has a maximum at 4:70 mfM, Fig. 29, 
and drops more slowly towards the red than towards the violet. The curve B, 
Fig. 29, represents the variation of the cur- 
rent referred to absorbed energy. There is 
a diifcrcncc in connection with the orienta- 
tions of the crystal. Currents in different 
din‘Ctions in the crystal are equal in mag- 
nitu<le, hut there is a unipolarity in the 
direct ion of the acute bisectrix of the optic 
axes with components in other directions. 

The reverse currents exhibit parallel differ- 
ences. According to K. Scharf, the cloud 
of sulphur particles produced by condensing 
the vapour in nitrogen exhibits the normal 
photoelectric effect. L. Grebe found that 
sulphur becomes a better electrical con- 
ductor when exposed to the X-rays. 

M. Faraday, 28 p. E. Shaw, P. Boning, 
and N. A, Hesehus and A. N. Georgiewsky 
found that lump sulphur is negatively electrified when rubbed against wood, or 
any of the metals tried, and electrifies them positively ; yet M. Faraday found 
that a jet of air carrying powdered sulphur^ — flowers of sulphur— electrifies 
negatively both metal and wood, and even a sulphur cone ; aiid when sulphur 
is held in a jet of steam it is negatively electrified, but air alone does not electrify 
the sulphur. H. F. Vieweg, and P. B. Shaw and C. S. Jex studied the frictional 
electricity of sulphur. According to W. E. Gibbs, the aerosol of sulphur— 
sulphur dust suspended in air — acquires a positive charge. 

G. J. Knox stated that sulphur is a conductor of electricity, but M: Faraday 
could not confirm this. J. Monckman, and E. Duter also said that sulphur is a 
non-conductor at all temp, below its b.p., but at this temp, it is possible to pass 
an appreciable current through the liquid. A. Gtinther-Sohulze, and K. F. Her^ifeld 
discussed the metallic conductivity of sulphur. J. Monckman found that the sp. 
electrical resistance of precipitated sulphur at 440® is 5 X 10^ ohms ; and at 260®, 
5x10® ohms; roll stilphur, 5x10® ohms at 125®, and 1*6 XlO^ at 440®. For 
crystallized sulphur, R. Threlfall and co-workers observed at 75° that the resistance 
was 6*8 X 1025 e.G.S. units. The resistance decreases to a marked degree as the temp, 
rises. Both soluble and insoluble sulphur are non-conductors ; the conductivity 
at an elevated temp, is electrolytic, breaking up a combination of the two allotrope-s 
of liquid sulphur. The sp. resistance is lO^® C.G.S. units at ordinary temp. The 
presence of 5 per cent* of insoluble sulphur decreases the resistance, so that at 
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Fig. 29. — The Variation of the Photo- 
electric Current and the Wave-length 
of the Incident Ligiit. 



Fjlg. 28 . — The Variation of 
tho Photoelectric Current 
with Time. 
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ordinary itaup. this falls to 10-'* (UhS. units. H. Nounuinn found at ordinary 
temp, that the rcsistanco of snipluir is bohwiMMi 2\I0>^ and olims. 

1), Ih Black found that the condtu^tivity of liquid sulphur in(*rcas(‘s to a maximum 
as the temp, rises from to IGO" ; it tficii falls to a minimum n.i. about 185*^; 
aaid there, after increases. This Ixdiaviour corresponds wit h fh<‘ visoosily changes. 
1dm sp. resistance at 103"* is about 7-5 XlU*^ ohms, llie <*on(iu(divity is elec- 
trolytic in nature. S. Bidwell said that tlu^ lamdiud.ivdty of moKtm su{[>luir is 
really du<5 to the formation of a suljdiide liy <miitact with tin* nuMnl <d(*ctrodcs. 
The conductivity is favoured by exposure, to light, possibly by t.fu‘ iiieissist'd tendency 
to form sulphides in light. T. W. (lase said i-hat ih(‘. po<n* ehud rical eonduetivity 
of sulphur is not appreciably alTected by light; and J. Morn'kman observed an 
increased conductivity between grapluie electrodes when tlu': sul[>hur was ilhunb 
nated, but E. Thrclfall and co-workers could not conhnu this. A. Wigand, also, 
was unable to detect any cileci with light, and lumen' coucliuh'd that Mu^ (dectrical 
conductivity of the soluble and insoluble forms <yf sulphur an', the, same.. Ae.cording 
to M. Pigulewsky, the conductivity of anu>r])hous sulphur is immeu-snl by light, 
hut not so with crystalline sulphur. TJu'. maximum (vllind. is oldanual with rays 
of shorter wave-length than 280/x/r. Jle found tliat tlu?- <'.ondu<‘.tiv!(y of ('rystalliut^ 
sulphur increases with rise of temp, to a maximum at about MO'* I50‘’,.aiid after- 
wards continues to fall until the b.p. is reacluHl. With amorphous suiplmr the 
conductivity falls as far as then inen'ases up (.o KiO'* 170^’, a.ft<*r which 

temp, it falls continuously i-o tlie. h.p. H. Kurreb 
meyer found that the opt ical absorptiiou by sulpluir 
crystals is eoniplete in th<'. viole^^ hut. ndailvi'.ly low 
from not) to GOOm/x. The ph()to<'le<dri(5 luimliHitivity 
is measurable b(*.tweeu 4,00 ami Ghtluz/r ; its maxi- 
mum, rehwrod to unit incuh'ut; imergy, lu'S at 470/ii/x. 
There', is strict proportionality bet.W(‘.<m phoio-ciUTent 
and light intensity mid be.twrM'u plmto-current; and 
electric intensity throughout the rangi'S uhihI If 
there is a saturation value of the intensity 

it probably lies above 30,000 vol(.s piw enu, and is 
therefore very much higher than tlu*. sat.uratioti 
electric intensity in the diamond atul in ^iincbU'ndc. 
C, Roos found that the conductivity of rhombic sulphur is iniwiniscd by ex- 
posure to X-rays. According to A. Wigand, B. Threlfall and co-workiu's, the 
(dectrical resistance of sulphur is decreased in th(5 pres<m(i(ii of moist air, 
E. Duter, G, B. M. Eoussereau, and J. Monckman made obst'rvations on the 
conductivity of molten sulphur ; G, Quincke, on the chjct.rical profawiit'S of col- 
loidal soln. of sulphur ; and C. Roos^ on the increase in the conduciivity imparted 
by X-rays. J, J. Thomson observed that the vapour of sulphur has a very small 
electrical conductivity. R. S. Bartlett studied the resistance of BplutUu'cd films 
of sulphur. According to P. Fischer, mixtures of a large jiroportion of sulphur 
with silver and arsenic, sulphides, galena, copper pyrites, and stibnitxi are non- 
conducting ; but a mixture of sulphur and copper sulphide is a conductor ; when 
this is used as cathode in a soln. of, say, sodium sulphate with cadmium as anode, 
cadmiuia sulphide is formed, 

B, Threlfall and co-workers said that the contact electromotive force between 
soluble and insoluble sulphur is between 1-2 volts, and the insoluble form acquires 
a positive charge. The electric strength of crystallijsed sulphur exceeds 33,000 
volts, per c.c, S. Bidwell made solid cells of sulphur mixed with sulphides of 
silver ox copper compressed between plates of silver and copper —each 3 oms. 
square— and obtained a current of several micro-amperes. Ho called them mlphuf 
cells. F. W. Kiister and W. Hommel found that during the electrolysis of a 
soln. of a polysulphide both the current and voltage undergo periodic variations 
due to the deposition of sulphur on the anode. Such electrodes may be regarded 
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MS sulphur elrcd'oilcs, just as a platimun sat. wifcli oxygon is n‘g{ir<}o<l as 

an oxygon electrode. According to M. le, Blanc, when a thin him. of sulfihur on 
a platinimx wire is used as cathode in a soln. of ])otassiiuu iiydroxidcn it; goes itd.o 
soln. as a polysnlphido, S%j, wliere the ]arg(‘st obs(‘rv(‘d value of n wns h. When 
used as anode, no achaon was observed at all. E. Miilhn* a, ml K. Nowa-kowsky 
found that sulphur dissolves at the cathode in O-liV-KOll with a vakau'-y ol OdlT 
0*68. The potential at which tliC dissolution begins is ()*5d volt measured against; 
a O-lA-calomel electrode. M. (L lawi and E. Migliorini disenss(al the. forjiiadioii 
ot cMosiilpliates, and sul[>hoars(‘nates by the action of sulphur ions on snlj)hitt‘s, 
etc. ISTcgative n^.sixlts were obtaitie<l with sul[)hoaniiinonat es, and sulpho 
molybdates. I. Klemeucic studied the reile(*iion of tubes of (‘hadrie forcu^ Iroui 
sulphur plates. K. Lucas gave — 0*59 volt for the electrode potential of sulphur 
against the hydrag(‘n electrode; L. Bruner and J. Zawadsky, 0*540 volt. ; a.ml 

L. Rolla, 0*575 volt. B. E. Smith axnl J. E. May(‘r gave for tlu^ reduction potential 
and the decrease of free energy at 2*5", for SOii+llP- Sd 2n*j;0, respcctivahy 
— 0*470 volt and —43,550 cals. ; and for RO/'-l tSH" S 1-41 !..(>, n‘S[Ka’t,iv(hy 
—0*359 volt and -49,700 cals. E. W. Bergstrom gave for tlu^ (d<Mdroue,gaiiv(^ 
series in liquid anmionia, Pb, Bi, Sn, Sb, AvS, P, T(', Se, S, L E. I hi nd disousst‘<! 
the potential of S' '-ions. 

According to L. Boltmiann,-^ the dielectric constants of sul])lmr cuysiafs In iJu‘ 
direction of the three axes are respectivihy 4*773 : 3*970 : 3*81 L P. Itostdti, ami 

M. Faraday gave 2*24 for the dielectric constant of sulphur; E. Koseiti, 1*81 
(air unity) ; A. Wullncr, 2*88-"3*21 ; J. E. 11. Gordon, 2*5793 ; J, J. Tliornson, 2*4 ; 
C. B. Thwing, 2*69; M. Lefebore, 2*7; W. Sciunidt, 3*95) for A 75 with fre.shly 
cast sulphur, and after ageing, 3*90; while K. Eellinger gav<^. r(Nspcc4.ively 4*05 
and 3*60 for A— cx). R. Threlfall and co-workers found for aged nionocdinic. suiphur 
3*162 at 14° ; when 1*43 per cent, of insoluble sulphur was prcsmit, 3*5 1 0 ; and with 
3*75 per cent, of insoluble sulphur, 3*75. For liquid sulphur n(>ar its bq)., M. von 
Pirani gave 3*42 for A— oo. P, Cardani foxmd that for not veny int.cns(^ el(‘<tf.ric 
fields, the dielectric constant is between 3*5 aixd 3*6, but it incri'ast's with imn'mising 
intensity of the electric field ; and E. Threlfall and co-workesrs found tJiai the 
constant increases with temp.~-the temp, coefl. is 2 x 10*^^ per (hyriux S. RoHent.al 
found that there is an abrupt increase in the dielectric constant of sulfdiur ni; the 
moment of solidification. Comparisons of the oliscrved dieiee.tric c.onsi.ant with 
that calculated from the electromagnetic theory of light, were made by L. BolU- 
mann, N. N. Schiller, etc. H. Neumann studied the relatioix iHd/Weim l4ie (con- 


ductivity and the dielectric hysteresis ; by exposure to X-rays or y-ra.yrt, tJie 
electrical conductivity is raised but the hysteresis is scarcely allV.cted. d. Dt'.war 
and J. A. Fleming found that the dielectric constant of water a,t ** IHfk* is v(»ry 
little affected by the presence of finely divided sulphur. G. L. Addenbrooke stud i(Hi 
the relation between the dielectric constant and other pliysical prop(uti(\H. 
A. M. Taylor and E. K. Rideal gave 7*5x10-18 
E.S.U. for the electrical moment of the So-mole- vo i- 

cule. ^ 

M. Faraday, and T. Carnclley showed that y %|| 

sulphur is diamagnetic. A. P. Wills gave for the ^ /^ir 

magnetic susceptibility, —0-77x10 6 voL units; M I 

J, Konigsberger, — 0*9x10”" ^ vol. units; and ^ j 

L. Lombardi, —0*85x10"“^ vol. units, S. M(yor /m'‘ /Mr 

gave —0*34x10“® mass units at 18°; P. Curie, .... .... 

—U'^SxlO ® mass units between 18° and 300"; AmorphouH »t,dphm\ 
and P. Pascal, —0*49x10“® mass units at 1G“. 


5a. ^ 3L-" M’aKmUic 
biJities of mul 

Axuorp’houH Ht,dplun\ 


M. Owea gave for liquid sulphur -0-485 xl0'« mass uuit.H. T. Isliiwani aaid 
that the diamagnetic susceptibility of sulphur shows no <lis<‘oHtnuut.y in [fass 
ing from rhombic to monoclinic crystals; and tho curves give no indic-filiou 
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of fu.sioii ; Rut the traiisfonuiiiioii in (.h<‘ liquid |)h{us(‘ u\ .nccoinqjiniod by ^ 
decrease, of aRoui 2 ])er cent, lu (.h<‘ <ruuuagiH'l isni, Td , afO'r winch the 

^,usluq)iil)ility is af*;ain (‘,onsio.nt'. The'r<‘. are, imliejit.ionr« nl a. rcvt'rsihlc t nuisfornue 
lion at iiboui) 80", whicdi may he <iu<* to ilu". [)r<*.s(ni<‘c of an atuorphous Hulphur, 
Fip;. dl. L. A. We.lo, and H, H. VVilsdoti (‘ithmlated vahion for Uie mayiudfic con-* 
siautH. A. Dauviilier, and P. PaH<ad <lis<ms.st‘d I he dianiay.U'd nan and t fie ai.cmic 
structure of sal]diur. P. Pascad ^ave - ir>0,< lO '* for the iitoniic susceptibility of 
sulphur; and S. B. lUniituigar and ( t L. I)luuva,n, lOar, lo 


KnriiJHMUCifiH, 

^ th L, ilowo and (U 'Haamer, Journ. Amer, ('hvm. Sor., 20. 7«>7, ISOS: It. t'eyef, (J<mipt. 
licmLt liS. 866, JBUl ; (t F. Hchdulann, Joara, prakf, ( t), 65. <0, iHiC! ; S]. Oey and 

S. Duit, Jounu Indian Ohpm. 8or., 5, 520, 11)28. 

il Bramc, y/i'«.s‘07., 21, 805, 1,858; 56. lOU, 1852 : O, t'iM*diq, /5., 112.824, 

1891 ; H. Kngol, ib. 112. 855, 1891 ; 0. FaHtmjr. ih,, 26. 48, 1848 ; d. d. 19'rnhardi, Ttviiimwhfs 
Joimiu, 9. 8, 1825; K.Btmv:, yjfit. 15. 515, 1889; 17- iOU. IH90; 20. 1802; 

0. A. F. MoUai'Jiraaf, ib,, 14, 43, 1888 ; (U AminolT, //>., 65, 532. 1927 ; 0. hinrt an<l F. Koriuth, 
/jeit. avwng, Ohew., 171. 312, 1928; 174. 57, 1928; \t Kor<l(‘H, 173. I, 1928; A. Armmi, 
8. 338, 1884 ; AV. Muihmann, ib., 17. 335, 1890; \V. Balenmu, iVu, SO. 5lt9. 1899; SI. 276, 
,1899; A- Bimina, Sifzber. Akad, WivUf 60. 539, 1859; A. Bclirauh ib,^ 41, 791, 1859; Pog(f, 
Ann., 112. 594, 1851 ; ZaX Xri/d,, 18. 313, 1899; <U v<uu Patli, A‘cr., Xinbniu 9Vv. Iknm,, 
299, 1875; Pogg. Ann. JtJrgbd.) 6. 349, 1873; Pogg, Ann.^ 156. 41. 1875; A. 'P, K tipOVr, 

2. 4h 1824 ; P. Ctuiberfc, Bull, Xoc, A/w,, 28. 157, 1905; N, van KoKru-lmndT, Mairnkdim zur 
Minendogk .RwslandSp 81. Peternhurg, 6. 359, ,1874; F, llt\Mn<adH*n% A/ intitdtxjisrhi' Nolize^n, 
Frankfurt, 1. 25, 1855; 9. 65, 3879; (3, THchiuniak, Jjvhrhnch dtr Mtfu titii^gie, Wien, 417, 1915; 
L. Fletehor, Phil Jlfag., (5), 9. 185, 1880 ; W. 11. W<ie<l and P. V, FirHami, Jahnn Popkins U%i% 
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K. (j, Bvdirodcr, !Au,r Kvnntnds dcr V erbindungvn dv.^ Hvlvnu und <U%h 'Pvlluru^ Fihdh, 1898; 
A. Bcacchi, Rend. Arcnd. Nagndit 1. 103, 1849 ; Zdi. dvM. gvol. 4. 197, 1 852 ; i{, von Keynok, 
T^chermak's AliU.^pJ.)ytb. 192, 1896; A, IVIikan, //>„ (2), 12.344, I HOI ; V. P. von Ziqdnu’ovicli, 
Jahrb. gvoL MeichmnuL IFfw, 19. 225, 1869; J. B. liuirie dt^ Plale, (^rinhdioffraphiv. Pads, 

1 . 289, 1783 ; .F. PanCaidi, Mem. Aeml. Linevi, (5), 2. 295, 1927; U. d. Unity, TraltA R 

mineralogk, Paris, 3. 279, 1801 ; B. JVlkdier, iVu/.v., 19, 311, 1782; V. < noIdHidimidh 

Jndcs der Eryutallforman der Atm<iTaUe;n^ Berlin, 8. 193,* 1891 ; 11. von lAnilitiin Prr/i-. gml 
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sclicrlieli, Mtzher. Akad. Berlin^ 43, 1823 ; Ann. Phini. (2), 24. 254, 1823 ; A. den < 'iciwHUa, 
Eouvelku reckervhea aur ks p^opr'dih optiquea den ctktuuj^p Pn rin, 93, IH9V ; d/ian AihiVMt (5), 
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characteribua Jossilvwm, Leipzig, 1757 ; De fossiliv-m phusioyturrniu, I^cipzig, 17f«l ; C*. W. Bfiok* 
mann, Leitfadenzumad)rauchlei VorlemngenUberXuturhinde, (iarlamko, l«i:) ; A. Bw'ithaupt, 
Neuea Jahrb. Min., 472, 1836; Jown. praH. Ohem., (1), 4 . 267, 1834; 14. F. Marchand and 
T. Scheerer, t5., (1), 24. 129, 1841 ; B. Bathko, ib., (1), 108. 236, 18011 ; JA,d>iy'« Am., 162. 187, 
1869 ,• L. Bla^a^ Vhem. Soe., 8. 76. 1848 ; W. Ramaay, Jtmrn. Vhbm. 

85. 4^, 18^ ; 3. Dalton, A Neur- Hyatem of Ohemical Philosophy, Manoheator, 1. 238, 1808 ; 
G. Piaati, Oazz. O^JTO. ital 4. 29. 1874 • Ber., 4 . 29, 1974 ; O. Slivostrt, ib., 7 . 82, 1874 ; Gatn- 
Ohvm. Jtal., 8. 678, 1873 ; A. M. KoUas, J mrn. Ohem. Soc,, 118. 903, 1918 ; W. Bpring, Bull. Aeai- 



SULPHUE 


81 


Belg.^ (3), 2. 83, 1881 ; H. Kopp, Liebig's Ann.^ 93. 129, 1855 ; H. Wliiiaker, Journ. Phjs. ( 

29. 399, 1925 ,* A. iSchraiif, Zeit. Kryst., 12. 325, 1887 ; C. J. B. Karaten, BcJnreigget''s JowiLr 
65. 394, 1832 ; (k Bischof, «5., 43. 392, 1825 ; G- Osann, E miner's Arch.^ 4. 3*14, 1831 ; Logy- 
Ann., 31. 33, 1834 ; A. le Kogcr and J. B, A. lliimas, Journ. Phys., 92. 49vS, 182 1 ; E. Madelimg 
and Pv. Pnchs, A7m. Physikt (4), 65. 289, 1921 ; C. Bramc, Compt. Ee^uL, 35. 748, 1852 ; K. Engel, 
ih.f 112. 866, 1891 ; L. Troost and P. Hantefomllc, ih., 69. 48, 1869 ; (J. J. St. C. Dcville, 
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§ 7. The Chemical Properties of Sulphur 

Sulphur unites directly with almost all the elements excepting the inert gasi's, 
gold, and platinum. 3. Thomsen ^ said that the atlinity of sulphur for tlie metals 
is less than it is for oxygen ; and 0. Schumann concluded, from observations of 
the action of hydrogen on the sulphates, of superheated steam on the sul|)hi(l(^s, 
and of hydrogen sulphide on the oxides, that in group Ja of tlui pcuiodie. tabhb 
potassium and sodium have a greater afUnity for sulphur than for oxygen ; whiU^ 
in group 16 the affinities of copper and silver for oxygen and sul{)]iur an' about 
e<][ual. With the metals of group II arranged in the order of tiu'ir at. wi. from 
magnesium to barium, the affinity for sulphur increases in the sanui ordt'j* : magm'.- 
sium exhibits a greater affinity for oxygen ; with calcium, the affinities for sulphur 
and for oxygen are about equal ; whilst strontium and barium display a decidedly 
greater affinity for sulphur. In group 116, the afFinities of the metals for sulphur 
and for oxygen are about equal. The action of hydrogen on the sulphates shows 
that the affinities of the metals for both metalloids decrease in the order of the at. 
wts., zinc yielding oxysulphide and cadmium yielding sulphide, whilst mercury 
yields only metal. In group IV, the affiinity of the metals is slightly gri'ater for 
sulphur than for oxygen. In groups VII and VIII, manganese and iron exh ibit tupial 
affinities for sulphur and for oxygen. Nickel and cobalt show a somewhat greate.r 
affinity for sulphur. The table exhibits a periodic rise and fall in the allinitii^s of 
the metals for sulphur. In the first group the affinity decreases from potasBiinn 
to silver. In the second group, it is almost nil with magnesium, it increases from 
thence to barium, and decreases to mercury. In the third group, aluminium 
again shows a minimum of affinity for sulphur, which increases in the fourtih and 
fifth groups to arsenic, and then decreases to .bismuth. The affinity is once more 
at a minimum with chromium, and from thence increases throughout the seventh 
group. The general conclusion is that the strength of affinity for sulphxir in 
relation to that for oxygen, is greatest in metals of highest at. vol. E. Schiirmarm 
concluded that when arranged in the order of their affinity for sulphur, the metals 
form the following series : Pd, Hg, Ag, Cu, Bi, Cd, Sb, Sn, Pb, Zn, Ni, Co, Ee, 
As, Tl, Mn. In each natural family of elements, the affinity for sulpliur increases 
with the at. wt. Eaimljr IV is an exception to this law, as the affinity of sulphur 
for tin is greater than is its affinity for lead. The memhers of family III have less 
affinity for^ sulphur than their neighbours in family IV, and these again than the 
corresponding elements with a slightly higher at. wt. in family V. A. Orlowsky 
concluded that sulphur has the greatest affinity »or the alkali nndals ; and of tlu^ 
heavy metals, its affinity for copper is the greatest ; these follow in the. ordea* of 
decreasing affinity Hg, Ag, Fe, and Pb, while the affinity for Pt, Or, Al, and Mg is 
small. E. F. Anthon arranged the metals in the order : Ag, Cu, Pb, Cd, Fe, Ni, 
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C'o, and Mn. 'K. Htdiilly. id.lri\i[ >{.«'<{ lo mrnsura nioaJVmity «*i niilphiir lor iln' mniak, 
and t.htnu, in ardar : in{iny;;un‘i;a, aoppor, iin*krl, iratK tin, 

yinr, aiui l(anL L. ’K<'rinuicl(‘M ni.inlit'd \,Uc \ai.riatuMis in tin* m mdination inmoH 
of t he Hulpho'Halis Avdien nKVgau is n^piafnil part lad v <m‘ w hulh h\ ,,u!phur. The 
iiiuoii of snlpliur vviUi inid'alw whif.Ht undnr roiufU'osHiun wa;' th-icn .<‘<1 1. 1:^ !H; 
aiul A. BulTainnuli^ ohsorva.iioiis (Oi Min faihjorJ . 

W, R.aiusny and J. N, ( hilTun- aiui W* 1\ Mook<* «iIk > i‘r\ (*tl no of clKomoM 
(Mniihinuiion iKdAVinni Hul|)hur and heliuui ; and hord Ka>h'iy;li ami \\\ Riunmiy, 
W, T. < hxikc, n(nu‘. witli arj^oxn id" II. Nowrnan r^ioliotl lln* ah.^iorpdoii of 
iiydroj^nai and iuirof»;(ni by Hiilphur in a,n idtrirical di.s(dinn»(‘ fain*. Idio uimlusioii 
Ilf gasoH by Hiilpliur, and its oxi<iadi<ia by (‘xpoanro to air. bxl funiio of tlio (nirly 
workas'H to suppoHo. ihai hydrogen is an ossoutial (anintitmad of nidphur vide 
Hifpra, thi*. luHtory of »sulpluir, 11. MoisMan, and M, MhIiih, ind«*od, found that 
fr(‘sli WHS ovolvcd oviai adbu' 80 Hn(sa\ssivi^ fusions, dhua ay:r<M\s \Milh (ho olwer- 
vatiouB of A, M. KollaH, ,T. N. .laKdiyoa H. Polabon naiii 1 lud. hydrogen in noi 
absorbed by li([uid sulphur. h\ H. JNeaviiuiu found (.hat hy<lroyon, Jictival^od by 
a-rays froni poloiuuni, is absorbod by sulphur, o.von at (V* ; t ho !ibsor[h ion may bn 
duo in j)ath i<> clicnihnU aidion, (b L. Wondt slunvod that, sunu* hydrojoui sid[)hide 
is forniod -winui sulphur is (nxposiul to adlvadod liydro|!^on /'o/r /h//Vu, livdrogtni 
Bulp]u<ies. li. 8ch warz and .F. W. Sclnnik, a-ud U*. >Soh war*/, and W. Ivunnor, obnorved 
that uiulor tln’i influence of the silent dis<‘hargo, atdpbur vapour i.; mon‘ cficmio-ally 
Hoiive ill a a ordinary vafxauy but there is no rnddimoc of a <icpolynu*riza(imi of the 
molecule. 

As sbuwii by lb Moissaiy sulphur <‘xp<ised to air at onliuany (mnp. is slowly 
oxidiyaal with the fonuation of traces of sulphur dioxide. N. bmnduinl found that 
sublimed sulphur gmmrally (udours blue litmus red ; ami it ooidaius 0*02 0*25 per 
cent, of sulphuric a<ud. Part of this acid is formed by <‘XfM»sure (o nir and moiMturit 
Moist sublimed HU Ipluir, free from acid, was disl-inidly aeiil after bciip^ kept for 
two weeks in a stopixTcd Ix'itttc', and afterd y<nirs contained per cent., of sulphuric 
ami na^sulphiiTouB acid; a Himilar Hpecinien, dried, at HHM, e.ontninct! mdy OdKl^f) 
jnn c(Uit. of .sulphuric acid after being ktpit for t ytuirs. A. (b MonmlnwHlcy and 
0. B. Favloil obs('.rv(‘d that when chanmal is soaknl in a sobu of sulphur in carbon 
diBulphide and drit‘d, tlic aulpiuir sunVrH <>Kkli?:a(ion ait HKM, The sltav oxiilatim 
of moist sulphiir to sulphuric aci<l by exposure U» air was tdmerved by H, Maly, 
X F. John, atuilo W'ageumaim; though II. W. F. Wai’kenrodi*r said Miat dried 
milk of. sulphur which bad been kept ftir IH years was fr<‘e from sulphurie acid. 
“W. Zilnker and E. Pilrber found that the presence, of e.ellnloHe fibre, or of cotton 
yam^acccderatcs the formation of frees hu I plnirks achl from sulphur exposed, to air. 
Theyako showed that powdercdsulphur from difTc.nuitsouis'eH cauiml. comphdely 

freed from acid by repeated washing, and it thendore apfumrs probaf>le thnt t-he 
latter is contirinoualy formed by the action of, air ami niobiurt!; during tin* proi*e«B. 
Mowers of sulphur contain the greiitent amount of friu's Bulphuru? mud, roll mdphur 
imxcli less; colloidal sulphur xemains almost m strongly acid nfler washing as 
washed iowers of sulphur. The formation of free sulpliurits acid from flowers of 
sulphur or powdered sulphur is most readily denionHtrated by washing a quajitity 
of the finely divided material with cold and with hot water, iri^atinent wiili a little 
ammoaia, and subsequent waBhing until tho water has a mnitral wuictiem ; the 
product is covered with water at 60"^ *-80^, and repeatedly dried and renioiatcned. 
The formation of acid is facilitated by passing a current of air. Tlio autoxidation 
of sulphur occurs more readily in an acid than in a neutral or alkaline medium. 
W. H. Macintire and co-workers showed that although the transformation of 
sulphur added to the soil may be partly a function of the biological contimt of the 
soil, yet sulphur may be readily and extensively couvisrted into sulphates by 
independent chemical action under aerobic or anaerobic or non-sterile conditions 
of moist contaet at normal temp, when ferric oxides and alkalme-carili carbonates 
are present. It was also shown that the treatment of soils with Hmestone, dole* 
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mite, or magnesite favoured the leaching of the sulphur by rain-water. R. H. Simon 
and C. J. Scliollenberger observed that the rate of oxidation of sulphur in. soils 
is dependent on the grain-size of the material. A. Harpf also noticed that finely 
divided sulphur is oxidized on ex[)osure to air in light or in darkness ; and stated 
that the assumption made by K. Windisch that the disinfecting property of sulphur 
on the moulds, formed during the growtli of grapes, is due to the formation of sulphur 
dioxide, produced by the action on thti sulfdiiir of active oxygen and hydrogen 
dioxide generated by the living plants, is thus unnecessary. H. Moissan found 
that the slow combustion of a-suiphur to sulphur dioxide occurs oven at 20*^ in 
oxygen confined in sealed tubes ; and similar results were obtained with yS-sulphur 
and wiiii amorj)hous sulphur. The action is slower in air, but traces of sulphur 
dioxide can he detected after kcioping the sulphur for 3 months at E. Pol- 

lacci said that the oxidation of fimdy divided sulphur in air is accelerated by light ; 
that pure oxygeB do<‘S not effect the oxidation ; and that the active oxidizing 
agent in air is ozone. T. Ewan found that the rate of oxidation of sulphur at 
159° is proportional to the sq. root of the prem. of the oxygen ; hut M. Bodonstcin 
and W. Karo found that at 252° the rate of the reaction is directly pro})ortional to 
the i)ress. of the oxygciu, and is roughly proportional to the surface of the sulphur- 
The rate increases in tin^ ratio J*87 : I for a rise of temp, of 10°, It is therefore 
concluded that tlici controlling reaction is a chemical one ; that it occurs in the 
adsorption layer on the surface of the stilpluir ; and that the sulphur dioxide, 
which accumulat<^s in the adsorption layer, has no influence on the velocity of the 
reaction. R. G. W. JNTorrish and E. X. Ilideal found that the reaction proceeds 
normally up to 305° wh(in the temp, coeff. is 1 'C3, but above that temp, there is a dis- 
turbance due to tlui secondary formation of tlie trioxide. The reaction is j>ractically 
limited to tlie surface of the sulphur and to the walls of the vessel, and proceeds as 
well in one case as in the other, indicating tliat a film liquid of sulphur covers the 
wliole inner surface of the reaction vessel. The, speed of the reaction is proportional 
to the press, of the oxygen ; but there is a break in tlie pressure- velocity curves 
at 0*41 atm. press. This is taken to mean that the surface reaction is made up of 
two surface reactions : (a) one of which is independent of the press, beyond 0*41 
atm. x^ress, and has a tem|). coeif. of 1*48, and heat of activation, (iorresponding 
with the rupture of the sulplmr bonds, of 25,750 cals, at 300° ; the. oilier reaction (i>) 
has a velocity proportional l;o the oxygon press, at least as high as one atm. and 
it has a temp, coelf. of 1*77, and heat of activation of 37,450 cals, at 300°. It is 
assumed that- the sulphur surface contains two types of sulphur molecules, which 
react along t wo diihvront courses with the oxygtm striking the surface, giving rise 
to the A and B reactions. The, fact that the A reaction finally becomes iiidependcni. 
of the oxygem press. imlicat(‘s that the ratc^ of production of the second aliotroxnc 
form of sulphur now limits the velocity of the reaction. The temp, coeil of the 
interconversion of the two allotrofuc forms is ] *48. The slow combustion of sulphur 
in air or oxygon, at about 200°, is aitcnchid by a ph<^spiiorcs(*-t*n(Ui. This pheno- 
menon has been i>rcviou.sIy disemssed. J. Ealton said that iii op(m air sulphur 
ignites at about 200"'; <1. Tliomson, 293°; T. J. Belouzo and ,E. Eremy, and 
J. B. A. j3uiuas, 150° ; W. A. Miller, between 235° and 260° ; Ik Beye^rsdorfex aiid 
L. Braun, 215°— under conditions wliero the value for cano sugar is about 410° ; and 
C, M, Tidy gave 115° for rhombic sulphur, and 120° for the prismatic, variety. By 
passing a current of air over sulphur, W. R. Hodgkixison said that the. ignition teni-* 
perature cannot be below 300° because a piece of sulphur can be placed on fused nitre 
(m.p. 339°), and sublimed without ignition ; and he did not ignite sulphur vapour at 
the m.p. of zinc (419°). JL Blount showed that sulphur takes fire at about 270° ; at 
the moment of ignition the ilamc does not start at the surface of the fused Bulplmr, 
but proceeds from its vapotir, which has flowed out of the capsule on to the hot 
plate, the temp, of which is considerably highe.r than that of the sulphur itself. 
Later, he foiind that sulphur vapour takes finj in air at 360°, hurning with a blue 
flame ; and on aEowing the temp, to fall, the sulphur vapour ceased to ignite in air 



AND THM0K'KTH‘AL rilKMISTRV 


at 2(n A. \l Hill 21 K 'fur ihr lou liaup,, and i lu,; iu vi‘ry iiuar lo L Ihij. 

vahH', , IL II. M(d‘n'u;ui(l \. WiDuu uiilauiud m air a! aim. |UTte.; 
iunl 2rD‘' ill u,\y\maj, II. Mi>iMMau ftunul ihat by iHihhhny; «>Kvy:rn ihroiigli 
sulphur lUi'hud iu aij aim, of rarhon dioxulo, hrlovv iSti' . .atlpluH diu\i<|u wum Furuml 
wiUmhiI^ any inoa.iHhw'ourtm hon this (tuup. ss.xi* nau’hrtl. { h<‘ r^’iirtiun bmmie 
uwu’t' vigorous, U' ox pfoah sji uorairnsl , folluv’s.otl ittuurf iiat rfv l>\ iiinuuh'Kc.riw, 
Tlu', i^uii iuu point, uf aulphur ir\ air was funtui tu hu Mil ; I hir* is raistal hy tlui 
pr<‘.M(‘n(a‘-4^f t> per r.oiH.. of suiplnuMhoxi<lo to -1 In' , and wluai fn per <aaiL in pussont, 
ignition (iiH'H not' o(u‘ur a,i. ‘ttiffh ddio pniiit. of ippuliou <‘t sulphur S'upnur iu air h 
much hnvu'F f'liau f.hat of li<juid Hul[>lnir, a.houi The audjeoi was (iisciusHcd 

hy A. (h Whit e P. P^cyorsdorfor a nd L, P»rann duams.aMj sulphur dust I'KploHiom 
in Hulpiiur fyriudiuL!; niiU's. Ac(‘ordiuy t.o N, S(un<uudl and D. K\jal>iuin, as in ila 
rase of pfiosphorus vapour, fiulphur vapour «’au luirn iu only hc.iwoon 

limits of prisMs, Mdiis presr^, ijiUanud iiua’cuso.; wdh ri,.o ot tump, whicli 
lixcH thi» pr<‘as. of su!f)hur va.p. I'he vudoi-ity of ipputrum, \shich may ht' very ercat, 
k iu(l<p>cudci\t- of i,)io oxvp'cu prosu., atul proha, hly tloptuuhi uu llu* vohu'ity of 
volatilixaiiou <»f sulphtm D; is suppo.ual ihad, out:id<‘ those limits <»( prean,, tlui 
uunihcr of ac.tivi* oontres wlu<‘h, from t.ho couditioua uf the ovponuuuits, juay be 
either o/suH', mols, or oxypiui iitomH, doeu u<d» nsreh tho ms’esaar}* \idu<* for iguliihm. 
Tho. values of t.he. limiiiug partial proas, of oxy^ion aro not nltereth as in (lie eane oi 
plu)Hphonis va,|)., by tho pn‘8<uu*.o. of foroi^pi pisos. Dvim in tiu^ rt‘pjou of eltedive 
prcHH. HpoutauoouH ip^uitlon takos phiei' only wlum a very small puuutity of laiionc 
is introduciui by soma meaum. 

W. A. Noyes, aiud ,1L iaipke pjive oxperiumnis to doimmst rali‘ t.hat Hulpluir 
harm iu n givim vohuues of oxygon to produeo iiu* name vohuuo of sulpluir 
^ (iioxide. A, little Hulpluir irioxide is, huvsswer. prndae.ed at 

^ » '• M ilu'i Hauie time. Thus, (I. bunige ohsorvod I luit when sulphur 

^ hunuui in a ghiss ttihe in ai slow ourreut- of dry air, fmm 

- y ^ c<*ut. of t lit^ sidpbur is oxidized (o ibe taloxidc, 

2 if the produetnH of ootuhuslion airo drawn over feme 

a-fS ^ o,xi<hy the tpiauti t.y is ine.nuiHtsi to bid? per mud. W. Ilempel 

•| i 7 ./^ LJ found tluit with sulphur and oxygen under ad in. pri^ss,, the 

^ Pressitremalm, piodiudi cauibiins 2*(i pi^r rout, of sulplmr t rioxido, and 118 per 

nout. of the. dioxide, if the oxygim he ail. a press, of 4i> 50 

Fun tW.-'-ProporUou atm., about half is oxidized to the tudoxiile, d. lb Kastle 

of Sulphur burnt and J‘, S. Medlurgui*. ohservial that if the .sulphur is Immfc 
for< 3 at^^^'L 8 urew/ ” Jimt-<‘adp)f oxygen about 7 per emd.. is <‘onv'eH.od into 

the trioxide, and the. relative proportions of t>he oxides pro- 
duced by tlic comhuBtion of sulphur in air are not, appreeialdy aihud.ed by 
moisture or itiereased (juantities of <5arbon <lloxlthu Moisture is also witlicmt 
influence on the combustion of sulphur iu oxygmi, hut thes prtvsmuw of carbon 
dioxide cauisos a slightly larger proportion of the trioxiih^ he produeed. The 
fact that tho 'q^uaritity of tho trioxide fornusl by the e.otnhuMtit>n of sulphur in 
air is so much greater than that produtunl by (^ombustion in oxygen is etm- 
sidored to b© duo to tho pr<?.Bciico of nitrogeun Whtm rtiixfures c»f <uxygen and 
nitrogen are employed containing amaller <|uantitieB of utirogeii tduui are present 
in air, the tpaatity of the txioxido fomuKl is connideraldy diminiHheil, It is 
suggested that the nitrogen acts as a carrier of oxygen, small (juautiiies id one 
of the higher oxides of nitrogen being formed whicK elTce.tH th<^ oxidation of the 
sulphnr dioxide. H. Gira.B’B data on this subject Iwivi^ bc*mi indi<?.atod hi con- 
nection with the heat of combustion of sulphur. The pr<^pori.ion of the total 
sulphur converted into the trioxide, at diflcriuit press., is illustrated by Fifr 
The subject was studied by M, Berthelot^ B. J. Nestell and hi Aiuhrsoii, and 
J. B. Terguson. J. Comog and co-wrkora found that when sulphur vapour, in 
the absence of liquid sulphtir, is burnt at 460^, about 3d5 p<jr emit, of ih<t gaseous 
product of combustion is sulphur trioxidc. W, C. Young found that sulidiuric 



SULPHUE 


91 


acid is practically tlie sole product of the oxidation of tlie sulpliur during the com- 
bustion of coal-gas ; and observations on this subject were made by C. Heisch, 
M. Dennstedt and C. AhrenSj and G. W. Wigner. When the silent electric dis- 
charge is passed through a mixture of the vapour of sulphur and oxygen, much 
sulphur trioxide is produced ; without the discharge, only a little trioxide is formed. 
J. S. Doting calculated the temp, of the flame of sulphur burning to sulphur dioxide, 
to be 1025°. According to S. Pagliani, the calculated temp, of combustion of sul])hur 
in the theoretical proportion of air is 1616° at constant press , and 2000° at constant 
vol. When, however, the combustion takes place in the normal proportion of air 
used in sulphuric acid works, the theoretical temp, is 900°, whilst the maximum 
temp., encountered in practice in furnaces w^orking normally, is 550°. In combus- 
tion furnaces for the extraction of sulphur from its minerals, the temp, should not be 
below 250°, which is the minimum temp, at which sulphur hums in a large excess 
of air. The incomplete utilization of the sulphur in these furnaces is due partly 
to the large vol. of air required to prevent the temp, rising beyond 300°~34:0°, above 
which temp, the sulphur becomes mobile again. The catalytic action of platinum 
in the combustion of sulphur in organic compounds w^as studied by P. Pregl, and 
L. Bermejo and A. Eancano. 

C. F. Sebonbein was wrong in stating that sulphur is not attacked by ozone. 
A. and P. Thenard said that ozone oxidizes sulphur to the dioxide ; and A. Mailfert 
observed that in the dry state only the dioxide, no trioxide, is formed, and in the 
moist state only sulphuric acid is produced. Observations were also made by 
E. Pollacci, T. Weyl, and H. B. Baker and E. J. Strutt. A. Stock and K, Friederici 
observed that sulphur dissolved in carbon tetrachloride is oxidized to sulphur 
dioxide, and trioxide. 0. Moureu and C. Dufraisse^ found that in the oxidation 
of sulphur compounds, etc., by free oxygen, the catalysts can he divided into two 
classes : (i) anti-oxygenic catalysts which retard the oxidation, and (ii) pro- oxygenic 
catalysts which accelerate the reaction- In the former case the production of the 
intermediate compound A(02) is prevented. P. W. Edwards discussed explosions 
in works through the dust of sulphur or of sul[)hur-lime. 

Sulphur is not soluble in water. According to W. Spring, the allotropic or 
colloidal sulphur obtained by H. Debus is really hydrated sulphur, S3.H2O, of 
sp. gr. 1*9385 at 19°/4°, it loses its water at 80°, and has a slight vap. press, at 
ordinary temp. He considered that the hydrate is derived not from octahedral 
sulphur, but from an amorphous, unstable variety which is transformed slowly 
under ordinary conditions, and more rapidly under press., into soluble sulphur. 
The oxidation of moist sulphur in air has been already discussed. F. Jones, and 
J. B. Senderens said that water has no action on sulphur, and that observations to 
the contrary are due to disturbing effects produced by the action of the alkalies 
dissolved from the glass containing vessel. E. Pollacci stated that the active 
agent is not oxygen, hut ozone. The best conditions for the action of sulphur on 
water are a temp, of 35°-40°, and exposure to sunlight. T, Brugnatello and 
P, Pelloggio said that barium, strontium, and magnesium carbonates favour 
the action, and that sulphates and thiosulphates are produced, while, in the 
absence of carbonates, pentathionic acid may be formed. N. B-. Dhar observed 
that when a mixture of powdered sulphur and yellow phosphorus under water 
at room temp, is treated with air, sulphuric acid is formed. According to 
J. Bohm, when flowers of sulphur axe kneaded in ordinary water, the floating 
portions removed, and the immersed portions left in an open vessel covered 
with only a small quantity of water, sulphuric acid is produced, whereas if the 
flowers of sulphur are kept in spring-water, and the is excluded, hydrogen 
sulphide is formed after a short time. Flowers of sulphur which have been kept 
for a month or longer in well-water, daily changed, immediately produce hydrogen 
sulphide, and, after a few days, the water, if its volume does not greatly exceed 
that of the flowers of sulphur, gives with a soln. of a lead salt, a black precipitate, 
and with barium chloride, a moderate turbidity. In sealed tubes, with flowers of 
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hu4)1uu‘ iiol/ vnry w('ll adaptiod for Ihr producl'ion of hy<lrn<.^<‘n Mulphi(l<% l.hc ior- 
imtioii of i lu' in ])orniajuMii.ly liiiuh'rrd by I ho pn^MiouM' (d air, <‘V(‘n in winull 
quantity. TIk^ sariK' (dlVr^t ia proilucod by a.ny iiriil or by phonul ; oarlMMi disulphuh^, 
provoiits iilu‘ iud ion only wlnai tln‘ llowau'n of sulphur fia,v<' hrm wall niixod wii-h a 
few dropH of it. l^lowors (d' Hiiiphur thus tivjdod, arid ihon frrod froni tho a,dniix(Hl 
BubstancHu also i!ios<nvl!ii(‘h bav<' boon boilod <>r frojion for H<Hno dayiudo nol^ nMu>va',r 
tii (3 powor of iinnuuliaiidy prodiu'inf^ hydrog(‘it Hul(fbi(h‘ till tlnyv hno'o boon di^yslod 
for i 3 ()in<‘- tinuj in wprin^-waio.r, daily roiunvaal. In distilb'd wator, no fiydrogon 
Bulpludii ia evolvctU n.nd cviui do\v<u*,H of sulphur hi.qhiy oapaJdo ol {»:oii«n'n,ting tbia 
gas, loB(‘, power of iimn(Mliad-<'Iy proilinung it, <'Von in npriny, water, il tboy liavo. 
b(HMi washoal with pun*. \vait<‘r :ui<! kept for Bonn’, f-iiinn In distillod vvafa'r niiml 
wiiih a litib’ (diallc, nuu’h loss livalrogon Bulplu<io la ioriuod llnni inuhn* Bimilar 
(iondiiioiiB in Hpring‘-wat.<’r 3 ami a la-rgi’. (piantity ol o!m,lk jinwamta i!io b>nnadiou 
of the gas, (‘vou mnh’r o.iroannsiano<‘B oihorvvi.si’ favoura,hb‘. The aatno Ik i.ian^ iti 
a Htill liighor ([(‘gna^ for gypisinn, aanl for a oonsidora,bh* (piaaitity of (‘.harcoaf- powder 
from air l)y R)iling. in ibo. ladb<a’ oaB<’ tlu’ ii(fuid, whirh in most oiisos is 
faintly ulkaJiiuq ia strongly olomhul by baaiuin (dilorido. Hydrogon sulphido, is also 
lonned on boiling sulphur in. waUun VVoll \vab<‘r ibun f.roa,l.otl bo«’oinea bhiisli gneoii, 
and this <M)lour Is produciul in liko'. inaainor by <li.si.illed water aJi-m* die addil ioti of 
clialk. After tlie gradual <le(n)inposil.ion of the earlnnialo, wborohy tbiosnlphato 
isforimnl, tbe liquid, on (unding, in'oamn’s yidlowish or oolmirloas. When sulpliur is 
boiled with watorin a llask fitto<l wulrli am upright tube, thosidosot tJu* lla.sk become 
coated with (Tystallino sulphur, and hydrogen sulpliitb^ ia gixmi <dj. The, (b'coni- 
positioii of this compound, with B(qmrati<)n of crystalline sulplmr, is <‘llecbe(l, ns is 
well known, only by sulphurous noi<I, nc<*.or<ling t.o the ocpiatiou 2n.*K 1 SOjj. 

- “2iiijO'|”'hS, which, on the otlnu' hand, douhlh’ss n^piawails t iu’ lorma.tion oi tlui 
hydrogtiu sulphuku In aei(lulHte<l water, no hydrogen sulphide is formed. In 
scahid tubes contaiuitig air, also, no liydroge.n sulphide is prmiuced Inutt non- 
floailng ilowers of sulphur, (wesn after prolonged boiling; btit. if they a, Iso eontuin 
chalk, tJie gUH appc’ars aflier the oxyge.n of th('. air has been t'(msiiiued in the for-' 
Hiaiicn of Rulphahn Phemd does not present the, fonnaiion of fjy<!rogen Hulphido 
in boiling wuk^r, which takes }ila<;e, altbougli in coinpuratlvely mnall (pianiity, at 
150"^ or iij)wardH, c\rcn in luheH containing air, and in a<dd litjuids. A, 1 lut hier noted 
that traces of polytbkmic acids arnl bydrogtm Hulplfnle are formed when airdreo 
siilphiit vapour is passed into air-free wuh^r. 

According to hi. Mulder, steain, and Kulplinr at a high temp, r<*aet h) form 
pentathioiiic acid; while V\ Meyer stated that thhmulphmm*- a.eid^ is formed* 
J. PricBtky obtainfid mi itdlanunablc air by pamsing Hiouju over Intdiug sulfduir* 
According to A, Girard, amt 0. Geitner, boiling wuiter Is iliHuunptwed by sulphuj, 
and water is decomposed whcni heated with sulphur in a- HcnJiul ttibe at 20(f; 
but A* Oeiis observed that the little hydrogou sulphide which is produ<’.ed is due 
to the prcBcnce of im])urii;ieH in. the sulphur, and said iliat water is not thn’otn- 
posed hy sulphur when pure materiak ate used. lo<ruu^ m potassiinn. perinim- 
ganato favours the reaction. 0. F. Gross and A. F. Higgiu fimutl that sidjduit 
begins to decompose water at about producing a trace of hydr<igmi sulphide: 
2H20+3Bx-2JEC2B+SOii, and the sulphur dioxide may afterwards he 
bj atm. oxygen; or the reaction Buj*y he reversid Iiochusc when wabu’ is dis- 
tilled from sulphur, sulphur forms in the condemirig tubes. O. Kuf! and 11/ Graf 
believe that 0. F. Cross and A. F, Higgiids test jot the formation of hydrogen, 
sulphide by treating the distillate with load acetate gave, fallacious rcBulta 
because the formation of lead sulphide may haYC iHam proiitUMul by the volatili:jed 
sulphur. ^ They found that the partial press, of sulphur in an inddlercnt gas like 
carbon dioxide, and in steam wore almost identical, and iliin is taken to preclude the 
ceourrence of any measurable reaction. E. HduFa*, and ,K* JSoack agrese that 
hydrogen si]lp>Hde and polythionic adds can be produced by the acilou o£ sulphur 
on water* According to F. Jones, when sulphur is boiled with water in vessels of 
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platinum or fused silica, liydrogen sulpMdc and tliiosulpliuric acid arc formed, 
whilst, in the presence of oxygen, hydrogen sulphide and sulphuric acid are obtained. 
H. Bassett and E. 0. Durrant suggested that hydrogen sulphide and salpliitroiis 
acid are not the first products of the hydrolysis of sulphxir, but that t,hc reaction 
is analogous to the hydrolysis of chlorine: Cl2+H20“^ii01--|™1]OCl, so that 
2S+2H20^H2S+(H0)2S. The sulphoxylic acid, HoSOo, is v(uy unstable, chH'.om- 
posing into hydrogen sulphide and sulphurous acid in acidic soln., and in alkaline 
soln. into sulphide and sulphite : 3S(0H)2^H2S+2H2S03-™™m<ic infra. The tltio- 
sulphuric and other sulphur acids are formed by the reaction of th<i produci-s of 
the decomposition of sulphoxylic acid with hydrogen suljjlude, etc. As iiidicaf/Cil 
in connection with the sulphides of the alkalies and alkaline earths, th(^ alkali 
hydrolysis of sulphur furnishes polysulphidcs and thiosulphate, both of which could 
result from the action of sulphur on previously formed sulphide and sulpliite. 
Attempts to establish the reaction 2S+2H20^H2S+(H0)2S have not been 
successful. The action of moist sulphur on silver and other metals, even at the 
ordinary temp., is undoubtedly due to slow hydrolysis of the sulphur, wduch is 
accelerated by removal of the hydrogen sulphide as insoluble sulphide of metal. 
Similarly, soln. of silver salts, or salts of other metals which form very sparingly 
soluble sulphides, are readily acted upon by sulphur on boiling. A quantitative 
experiment in which sulphur was digested with metallic silver in presence of clirox^de, 
acid was in better agreement with reaction 2SH”2H20^H2S+(H0)2S than with, a 
reaction 3S+3H20^2H2S+H2S03, since approximately one mol. each of silver 
sulphide and sulphuric acid were formed. When finely-ground rhombic sulphur 
is boiled with silver acetate soln., the alteration of the sulphur is very supcu-ficial 
owing to the protective action of the dense, coherent film with which it b(‘cmnc.‘'H 
covered. D. Talmud discussed the effect of acidity on the flotation ot suljdnir in 
water. 

B. Corenwinder obtained hydrogen sulphide by passing a mixture of steam and 
sulphur vapour over red-hot pumice-stone, or silica ; while E. Gripon obtained a 
little hydrogen sulphide and a little pentathionic acid by passing steam and sulphur 
vapour through a red-hot porcelain tube, and J. Meyer, by the action of stioam on 
molten sulphur. G. N. Lewis and M. Kandall examined the equilibrium conditums 
in the system : 2H2O+3S—2H2S+SO2, and found for the equilibrium consiant, 
[H2S]2[S02 ]=Ii[H 20]2, Z=0*00088 to 0-00232 at the b.p. of sulphur. M'. Kandall 
and F. E. von Bichowsky worked at higher temp., 887° to 137*2°, wln^nt freu* 
hydrogen is formed by the decomposition of the hydrogen sulphide in 1 'ISo. 

According to A. Colson, sulphur deposited on the walls of the flask when coiu;. boIil 
of sodium thiosulphate is treated with dil. hydrochloric acid (1 : 10), d<Ha)mpoaeR 
water energetically at ordinary temp., while flowers of sulphur de,com])OH0 boiling 
water slowly. E. Pollacci said that hydrogen dioxide does not oxidize fliudy 
divided sulphur. 

The action of the halogens on sulphur is discussed in connection with the 
sulphur halides— infra. K. H. Butler, and M. A. and 1). McIntosh observcnl 
that sulphur does not react with liquid chlorine. W. Engelhardt ^ observed that 
colloidal sulphur does not react with iodine. J. B. A. Dumas said that Bulplmr is 
soluble in warm bromine* E, Beckmann and K. Hanslian, and M. Amadari used 
iodine as a cryoscopic solvent and obtained a moL wt. Sg. The action was also 
studied by E. Wright, J. Mori studied the equilibrium of iodine and sulphtir in 
carbon disulphide soln. at 10° and 18°, but obtained solid soln. ; no compound was 
formed. S. Kitashima said that free sulphur is not attacked by hydrochloric acid 
unless in the presence of a large quantity of iron when hydrogen sulphide is formed. 
G. 3Sf. Lewis and co-workers found that aq. soln. of chlorates are heated with sulphtir 
to 150°-180°, are slowly reduced owing to the reversible change 2H2D+3Rv-2fl2S 
+SO2, where the sulphur dioxide is the active agent ; broniates are reduced to 
bromine, and iodates to iodine ; perchlorates, and periodates are not acted on at 
180°. M. Raffo and co-workers found that when iodic acid m mixed with colloidal 
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siilplnir, (l<u^|) r<'(l r.olour duc^ U) fn'c ioclim* is inuiHMliati'lv “md 

HiMfiKMiilr ;i vohnniiious, dark fv<\ of a nn\|.ur<‘ of mim 

and siilfiluir nrpa.rains. Idirrc, is <'vidr(i(-o lliai iha lailfdiur i:i (»\idi:a'«l in nulplmi; 
(lioxi(li‘. by i'ho iodic a,ci(l, Uk^ n^siiHitiy, liydriixlic acid is uxidi/otl fo fri*c iodine 
|)V^ |)iUi of fdi<' indie, acid, a.ti(l llm l.dJnr ad:io nxidizn;. the ctilplnir dioxide to 
Hiil{)fiiiri(‘ a,r,id . 1 hidcr rciiaiii (*(»!iditinn:;, <li<* n'aclton nirnaicc.-i at lirsl wijhiJie 

K)di(‘* ;udtl (niH'cnlnition, atJjiiiis a, inaximuru, an<l beyond ilial fudnl dijuinisluNs 
with furtJn'r ijicroasi' in coih\ Ac('ordin|^ to I lie (’oudibtuic, fh(‘ fe.aehnn prneei'da 
until die iotlic ;i<’id or iho sulphur ia uacil n[), or iiidil Die sulphur c('pa.ra.leH in 
p^idad-inous funii. 

,b ILNionnuui found I had. .sulphur i.-’* c.oluhh' in wu,nn lipuld liydro^Ceii xulphide ; 
aiul IL IVdabon, thad. rupiid siilplnir a.l 110" fnady <liss(dvi\‘i hydropeii aul[dii(li\ 
whiidi i.K lihrradiMl witdi 'Aa[)itdiUi;: " an I lu' cailpliur aolidifie;; ; h\dn»y,en is adworbod 
ad. \7if, a.nd ninrojuu! more is (ii!Uiolve«l ac, llu^ ieiup. riocs |d0 ICven boiling 
sulphur aJKSurb.s hydnupui .sidpiruh* al (ualiuary [uarn. ; and hi \a(Uio, ad. dd0‘\ dm 
sul {ilnir ndains ilu' vv hoh* of Mte ahsoiduMl pas. ib Mills and lb I*. Ibduuc.on found 
ibad. a. .susponsinn of Mul|diiir in acp amiuonia, \v1m*u sattirated wifh hydropeusub 
phidt' furnishes anuuontnni {nuii.a;sulphide. J, lb A. I>uiu;n found ibai {ddphnr 
is .solubh'in a \va,nn soils of barium sulphide., a. ud J.d, Ihuv, elius, and !b K, l^cbuue, 
ibai nil alculiolic. soln. of potassium pmtajiulphida diss<d\es sulphur, which is 
])rocipila.|od bviubliu/j; wad or lu I In* sal . .solru h\ \\\ Kiishu’ nioaraired the soluhiliiy 
of anlpiiur in a. suln. <if SOClillOi sulphide bc| ween 0" arul .bib. and found i(. (odtHirouHO 
slip^lid y wit h a rijsc^ of tonip. The nornuddy, A\ of Uie aq s(»in. of Na.;K, aaul t.lm 
vadiiuof in 1 ho nxmildiipp wero fcMiud, al 2.b'\ to hi‘ ; 

iV . d'O 2*0 i>() (unuo ii-oripo un:u;'.> 0‘0n7Kj2 

II. . .pt7r> t-ruio *i*Hdu us*:{u a los Mor> 

The, K(du bill i-y t lius incn'a,s<'H wiih dilution, ha.ving a uiaxuniun valuouiib 
when tdu' ratio Na-^S : 1:4 vidr alkali sulpludos., ij, 710, 2:b J, lb A. IhimuB 

l(>iuul thad’ siilfiliur is Moiiildu ill sulphur chloride : and II. Ivose, liiat .adphur ruorun 
chloriilo dissnivi's tdr74 per (unit, of nulphiir at. ordiuarv ienip., forniiup a liquid uf 
sp. gr. 1*7. ddn‘ solubility was <iisi‘ussod by W. lb tinulorlf uiul tb b. d’erraHSo, 
and by L. Artnwi.ciu and HAIL M<‘iliuiyou. A uolin (»f sidphnr in the inonochlorido 
sak at/ %f\ (locH ooi’ deposit’ sulphur whon Imatcd (o 17(b ; and A, 11. W. Af’Cn 
s1u>w<hI bhai t bo sohn can iluui di.ssolv(‘ as nuich nioro sulphur a.s it. dissolvod al 
Sidb and that. the. sulphur in probably pnssont- iu a fipceial allot ropii' form iHtle 
nHpm, 7r~Hul|)hur. A. .IL W. Aten fouiul tlial tlu^ fusimi t oinp. of A sulpfuw in 
sulphur incmucdilorido, rcfinxHout ing (die wdubility, Ah of A sulpliur in molar 

pcrocntagCH in thal nicust.ruuup are : 

-10- m J7*m r>5‘r i7‘V- u.v<r ho* nur.r mu* iih'H" 

H . A-Ki m mi) 2H-r> uu-d hi*h hInS sh-i on pin 

Solid pluwfi «-smlahnr ’“** 

lb Rosthii, and T. Friiulricdis ul)Rerv<sl thai liquid aulphur dioiida dissoKans a liiUo 
siilplmt. According to IL IL Mu\ sulphuric acid acts <ui Mulplunq giving o, It 
sulpliur dioxide at 200” Imt no liyilrogmi Hulphido, Hul|diur redunss suifdiuric. 
acid at’ a higlituiap, S- 21b^()d-*0fJ<L ; and ms (b N. bc-wsHfiiifl workers 

showed, the mvorse Teaeiion is obtained by beating Hulpliur ditixido and water in 
a Healed ^tiibc at 17)0”^ when sulpluir Lh depomteiL Tliis uuied’imi wan incut ioned 
by J. PricHtloyj in a chapter: On ilat miw.rlUnlity of vilntdlo nr it I nir int*^ nitriolio 
mid; and it was i uvivstigated by M. BcrilieloL A. lA do. lAmrcroy and b. N, Vam 
quelin, (J. 0t‘itncr, F. jraut.<‘ttaalle, ,L IVudall, A. hforren/fb Wahbm aud 
M. OGiitncTBOTcr, (1. St. Vmro, and IL dungtleiacli and !.. Bininoh IL B. North 
and J. 0. ThornBOii foinirl that when sulphur and thiouyl chloride or siilphuryl 
Chloride are lieaied in a sealed tube at frimi 70” to IHCL, t lu^ fiirniuLon of sulpliur 
dioxide and Biilphur monocMoride begins at 160L W. Brandt 1 and B. Borinskv 
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foiiad that pyrosulphuryl chloride is without action on sulphur in tlie cold, but when 
heated, sulphur monochloride distils over. 

The chemical action of activated nitrogen on sulphur has been previously dis- 
cussed, and it follows on the lines indicated in connection with activated hydrogen 
by F. H. Newman, and G. L. Wendt. A. A. Ziinmermann discussed the union of 
sulphur and nitrogen in the electric discharge. E. C. Franklin and (L A. Kraus 
found sulphur to be soluble in lK|uid ammonia ; C. Hugot said that 3 to 4 c.c, ot 
the liquid dissolves a gram of sulphur; O. Huff, that, between — 34*^ and — 8T\ 
liquid ammonia dissolves 39 per cent, of sulphur ; and O. RufI and L. lieebt gave 
for the solubility, aS, iu grams of sulphur per 100 grms. of soln. : 

-78^ —20 6° 0° 16-4® 30" 40° 

S . . 38-0 3S-X 32*34 26*65 21*0 18-5 

H. Boerhaavc noted the solvent action of aqua ammonia on sulphur, and G. Calcagni 
found that 100 c.c. dissolves 1*367 grms. of sulphur — vide ammonium sulphides, 
2. 20, 24 ; and 8. 49, 20. W. P. Bloxam observed no reaction between vsulpliur and 
a boiling soln. of ammonia ; when the mixture is heated in a sealed tube, poly- 
sulphide, thiosuljiliate, and traces of sulphite, but no sulphate, were formed. 
F. W. B(U*gstrom found that sulphur react/S readily with an amtnoniacal soln. of 
the amides of lithium, potassium, calcium, barium, and magnesium. T. (Jiirtius, 
and C. A. L. de Bniyn nol.cd the solvent action of hydrazine and ii-s hydrai.c on 
sulphur. T. W. B. Welsh and 11. J. Broderson found that at room temp. 100 gnus, 
of anhydrous hydrazine dissolve 54 grms. of sul])har witli decomposition. According 
to F. Ephraim and H. Piotrowsky, sulphur r<uxdi]y dissolves both in hydrazine and 
its hydrate, giving a dark brown soln., which on pouring into water d(‘.})OsitvS sulphur. 
At the ordinary temp., anhydrous hydrazim^ dissolves about GO per c(uit. of. its 
weight of sulphur. After a short time a reaction occurs according to the equation : 
N2H4-[-2S~~ -Nn+^HoS, nitrogen being evolved and an unstable hydrazine hydr<»- 
sulphide remaining in soln. Observations wore also made by J. Mey(u' and J. Jaiundc, 
A, Gutbier and H. Emslander, and Wo. Ostwald and I. Egger. According to 
(t C. ihilit and N. R. Dliar, 13 and 26 per cent, nitric acid have no action oti aul])hur 
at ordinary tcunp. 11. Zielcr observed no reaction with nitric acid up to 40 per 
cent. HNO3, and wii.h boiling 50 i^ei cent, acid, a feeble reaction oc(naTe<l. 
P, F. Frankland and R. C. Farmer found that sulphur is slightly soluble in, liquid 
nitrogen peroxide; an<I J. B. A. Dumas found that warm nitrogen trichlorides and 
phosphorus trisnlphide dissolve some sulphur. L. Delachaux T(\presented tlu^. 
reaction with phos])hiue by 2PIl3-l“nS=3U2S+P«S;,,_j5, which occurs above 320^h 
T. Karantassis observe<l that with a soln. of sulphur in carbon disul])]iid(‘, phos- 
phorus triiodide forms fJtosphorus tetmcosimlphoiriiodide, Bl3.3Sg. F. Joiuvs found 
iliat phosphine acts on sulphur in diffused daylight or better in sunlight ; tlici 
action is slower than with arsine. The metalloid stilpbide and hydrogen sulphide 
are fonnccl ; with stibine, some hydrogim is produced by a secondary reaction. 
(L Vortmann and (J. Pad tuTg found that antimony trichloride is not altenul wlnm 
hoiks 1 with water and sul])hur. G. Vortmann and C. Pad berg fouml that arsenic 
trioxide or pentoxide is not altered when boilc<l with water and Bulphur. V. Aug<‘r 
observed that sulphur forms compounds with arsenic triiodid©^ ainl aEtimony 
triiodide {(j-v.). The rejections were studied by K. Hchneider. F. ,1-5. Brown a.nd 
J. E. Syndcr found that at 20“, 45‘h and 65'', 100 grms. of vanadium Oxytri- 
chloride dissolve respectively 3*307, 5*995, 13*103, and 30*73 grms. of sulplmr; 
jd)ov(^ 80'', the soln. becomes viscous, and, after a time, it solidifies, giving off sulpimr 
dioxide. O. Ru(T and 1 1. Lickett represented the reaction 2 VOGhr fS- 2V(da-h8( L* 

The rea(‘tion l)etwecn sulf)hur ami carbon w’-as discussed 6. 39, 40, The subject 
was studied by A. E. Bcrthollet, (h A. Bertliollet, L. N. Vauquelin, et<^ J. P. Wilmut 
found tliat aft(u hejiting a mixtaire of sugar charcoal and sulphur to bright r('diiess, 
the 3 to 6 per cent, of sulphur which remaiuB cannot be extracted with sidvemis, 
and may be chemically combined, or only adsorbed. J. P. Wibaut aucl 15. J. van. 
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dor Ixtim fc>un<l tlia.t only tine aniorplious fonuR oC <'.ar1)on jiro, jii)le io fix aulplinr 
'vvlieti tlio, i,w() arc heated in a cIohoxI tube ai 500" i<o (hHV’. E. 11. Biiclnie.r 

showed tliat sulphur m insoluble in liquid €arl)OE dioxide* 1*. WiiitiMaiitz, aiul 
J. B. Ferguson studied the equilibrium ooiulitionH in th<i riuution : FOo MS2 :f-C 0 
-flSO^- The latter found that at lOOO*^ and 1201^, using hrolcon poroidain, or 
platinized pon^elain as contact ag(uits, [BOallBop ; ami log K 

-^"5659?’"” ^--0-61) 15 log r-|-0‘0()0:3()7’- d)-()0a(H)OO;VI7- - 0-872 ; a-nd fur the change 
iiithcfrea(WTgy;8//^^ ^-259 15-5 1*3757 log 7’- AymhVP^ 1 OBOOOOOlhfi'Pd *3*997; 
ami at 25", -- 69761 cala. At !()0(F, log 1-75 ; at l2(Kr, M5 ; at MOO", 

0*69 ; ami at 1500", 0-50. Probably small quantities <d ca,rhouyl sulphide are 
formed ; and G. N. Lewis and W. N. Lacey studied tli<‘ (‘(juilihriuin. comlitions in 
thoreactioiihetweencarlbOEmoilOxideand iiqiml sulphur 5.59,29 MlOd 8 -GOS, 
in wliieli are also involved : OS^)"-~CS "|“^3 ‘^G()8 GOj. | The cujuiiibxium 

constant for LCOS]~-S:[CO] is at 2G0", ami 201 a,t 3()2'h It. Schwarz and 

Ih W. bclicnk observed that sulpliur vapour is more clHuthcally an, live-, towards 
carbon monoxide when the va])(nir is exposed to tlie silent eksd/rm. <iischarge. 
There is no evidence of a depoly nierizaidon of the nu)l<M*ule. 

The most commonly used solve, ut for sulphur is carhoa distdphide. Obser- 
vations were made by A. Payen, 0: d, St. 0. Deville, A. (iossa, d, W. lletgcra, 
(L Gore, etc. hi the following, the solubility S nvpn^sents itumbm- of grams 
of a-Hiilphur dissolved by lOO gnus, of solii. ; the results Ixdow MF-aro by 
11. Arctow'sky, tlic otliors arc by A. iStard. 


- ' 1 10‘* 


- 80 “ 

-00“ 

- 4(r 

20“ 

■ 10“ 

0 " 

3-0 

3-5 

4*0 

5-5 

(>•() 

10*5 

1.3*5 

18*0 

10“ 

20“ 

25“ 

ao“ 

40 “ 

(< 0 “ 

HO" 

100 “ 

2:no 

29*5 


:w*o 

50*0 

C()*0 

79-0 

92*0 


,T* V. Retgers gave 26*4: at 10^. By definition, /x-sulpluir is insoluble, in carbon 
disulphide. Some varieties of a-sulphur arc not entirely sol uld(^ in (ihat nnuistrirum, 
presumably owing to the presinioo of/x-sulphur. For instance, ,F. ddLingcu- revported 
neither ordinary roll sulphur, nor /low<u*s of sul])hur to be (uunple.ttdy sol u bh^ in carbon 
disulphide ; while preci]>itated Hulphiir is comphdely soluble' in (i ve> tinu's its weight 
of that solvent. According C. d. 8t. G. Doviih';, the first of folhiwing data 
refers respectively to the soluhiliiy of Hulplmr, in, grams, p(‘r HX) grms. of carbon 
disulpliidc*,, and the «ocond xopresents the fraetdon of (he original weight which is 
insoluble in that menstruum: Sicilian a-Bulpluir, 33-5, ()*(XX) ; recently prepared 
rhombic Riilphur crystallized in a dry way, il*5, 0*029 ; the same after 8 years, 
33*0, 0*004 ; the same after 9 years, — , 0*020 ; and the same aftc'r 15 years, 

- (>05J ; recently prepared red n<x:i(lles, 38*2, 0*023 ; rcumuitly prepared soft yellow 

sulphur, — , 0*353; the same afh^r 2 years, 3l*f>, 0*157 ; nunoitly prtq>ated soft 
red sulphur, 37*4, 0*157 ; the same after 5 years, O-tBl ; flowr'XH of Biilplmr, 
35-1, 0*113 to 0-234 ; and rolLsulphur (outside), — CH)29 to 0*073. M. Amadori 
said that 100 grms. of carbon disulphide disaolvo 53*2 grms. of sulphur at 2(P"ic. 
34*76 grms. per 100 grms. of soln. According to C. E. Guignet, if a layer of carbon 
disulphide be poured over soln. of aulphur in that solvent, and thereon a layer of 
oil, absolute alcohol, ether, benzene, or petroleum, the solvents diffuse into one 
another and sulphur crystallizes out of the soln. 

C. A. L. de Bruyn found the solubility of a-aulphur in absoluto methyl alcohol 
to be 0*028 grm. per 100 grms. of solvent at 18*5® ; and with absoluhs ethyl alcohol, 
0*053 grm. at 18*5" ; J. J, Polil gave 0-061 grm. at 15" ; and A. Faycn, 0*42 at the 
h.p. Other observations were reported by L, L. F. Lauraguam, A. Payen and 
J. B* L ChevalUcr, P. T. Meissner, and T. J. l^clouze and E. Frdmy. J. N. Bronsted 
found for ^-sulphur, 0*066 per cent, solubility in ethyl alcohol, and a-sulphur, 
0*052 per cent, at 26*3’". H. Prinz said that no chemical action occurs at 200® ; 
and A. G, Bloxam that the soln. in hot alcohol first deposits j3-»ulphur on cooling. 
A. Geraxdin found the solubility of a-sulphur in 100 gnus, of amyl alcohol to be 
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1*5, 2*15, and 2*65 grms. reBj)cctivcly at OS'", 1 10*", and 112'' ; and for liquid sulphur, 
2'66, 3*0, and 5*3 grins, at 112'", 120'", and 131'" respectively. Suipiiiir is soluble 
in hexyl alcohol. J, W. Kl(iver found that glycerol dissolves 0*10 per cent, of 
sulpiinr ; F. A. Cap and M. Caret, that 100 ])arts of glycerol dissolve 0*05 part of 
sulphur; and A. M. Ossendowsky, 0*14 gnu. at 15*5'", A. Cossa found that 100 
grms. of ethyl ether at 23*5'" dissolve 0*97 grm. of a-sulphur ; and J. JM. Bronsted, 
0*080 grm. at O'", and 0*200 gnu. a(- 25*3'", wliilc for /S-siilphur these numbers are 
0*113 grm. at O'", and 0*253 grin, at 25*3'". J. M. Favre also measured the solubility 
of sulphur in ether. R. Delaplacc found that 0*188 'grin, of sulphur is dissolved 
by 100 grms. of anhydrous ether at 13'".^ J. Meyer also found that /S^sulphur is 
more soluble than a-sulphur in etlier. W. Alexeclf noted the reciprocal solubility 
of ether in sulphur. W. Eidmann showed that sulphur is soluble in acetone; and 
W. Herz and 'M, Knoch found that 100 c.c. of acetone dissolve 65. milliinols of 
sulphur at 25'", and 100 grms. of a mixture with water and 95*36, 90*62, and 85*38 
grms. of acetone dissolvi'. resp(‘ntively 45*0, 33*0, and 25*3 millimols of sulpbur. 
Sulphur is also solublii in aldehyde. J. W. Ridgers found that 100 grms, of 
methylene iodide at lO'’ dissolve 10 gnus, of sulphur ; and nudted sulphur is mis- 
cible with hot mt‘thyl(Uie iodide. A. iSiard showed that 100 grms. of a soln. of 
ethylene dibromide contain, a t 

O'* 10 ‘ 20“ 40“ 60® 80“ 100° 

Sulphur . 1*2 1*7 2*3 4*4 8*4 1 0*5 30*5 grins. 


J. N. Bronsted observiul i»hat 100 c.c. of a sat, soln. in ethyl bromide contain 
0*852 grm. of /^-sulphur at O'", and 1*676 grms. at 25*3° ; or 0*611 grm. of a-sulphur 
at O'", and 1*307 grms. at 25*3'". Sulphur is also soluble in ethyl chloride. 

K. A. Hofmann and co-workens found that, at 25'", 100 grms. of tetrachloroethane 
dissolve 1-23 grms. of a-sulpliur and 100 grms. of ethylene dichloride, 0*84 grm. 
J. H. Hildebrand and 0. A, Jenks found that 100 grms. of ethylene dichloride 
dissolve 0*826 grm. a-sulphur at 25'" ; 1*380 grnrs, at 40® ; 5*43 grms. at 79® ; and 
99*7 grms. at 97*5® ; dichloroethane, 1*28 grms. ; pentachloroethane, 1-2 grms, ; 
tetrachloroethylene, 1*53 grms. ; and trichloroethylene, 1*63 grms., while 
D. H. Wester and A. Bruins gave 1*19 grms* at 15®. J. J, von Bogusky found that 
above 134-2®, sulphur is miscible with benzyl chloride in all j>roportioBs, but 
below that temp., the mixture siqiarates into two layers — the upper layer has 
0*99 grm. of sulphur per 100 grms. of soln. at 0® ; 19*89 grms. at 99*1® ; 37*29 grms. 
at 118® and 56*20 grms. at 132-2® ; while the lower layer has 90*62 grms. at 109-6‘' 
and 72-23 grms. at 134*2®. W. Alcx6cff gave 116® for the critical soln. temp, of sulphur 
and chlorobenzene, K. A. Hollmann found that 100 grms. of carbon tetra- 
chloride dissolve 0*86 grm. of sulphur at 25®. J. H. Hildebrand and C. A. Jenks 
found that 100 grms, of carbon tetrachloride dissolve 0*339 grm. of a-sulphur at 
0® ; 0-831 grm. at 25® ; 1-155 grms. at 35® ; 1-564 grms. at 45® ; and 2-008 grms. 
at 54®. R. Delaplacc found that 0*645 grm. of suljihur is dissolved hy 100 grms. 
of carbon tetrachloride at 16*5®. A. von Bartal found that sulphur reacts with 
carbon tetrabromide in a sealed tube at 180®-195®, forming carbotMohcixabromule, 
02^^482, carbon disulphide, bromine, and sulphur monobromide, but forming, 
according to G\ Gustavson, thiocarbonyl chloride and sulphur inonocliloride. 
H. V. A. Briscoe and co-workers obtained only sulphur monobroinide, carbon 
disulphide, bromine, and carbon. J. Meyer noted that jS-sulphur is more soluble 
than a-sulphur in chloroform. B. Rathko also noted the solubility of sulphur 
in this menstruum. A. Cossa observed that 100 grms. of chlorcdorm at 22'' dis- 
solve 1*21 grms. of sulphur. J. N. Bronsted foturd that at 12*25® and 192-29'", 
100 grms. of chlorotorm dissolve respectively 0*744 and 0*918 grm. of sulphur; 
and at 0®, 15*5®, and 40®, chloroform dissolves respectively 1-101, 1-658, and 
2*9 per cent, of /3-sulphur, and 0*788, 1-253, and 2*4 per cent, of a-sulphur. 
R. Delaplace found that 0*874 grm. of sulphur is dissolved by 100 grms., of 
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■III Ml- 111 broiiiolorm, iukI 

per . <»; iilpiiur .i I 'r(> . \'. Auf^t'r 

nli^'<*i\ril Ihiil ulphur Inrsn,. :ii M il ioii producta 
wUJi iocloSiorin, iind ietrakHloet.liylciie* Siilplmr 
i". ;iIm> nnluliir in warm dilonil, in-bromal, aiul 
in iodal. ii. iinmi ami ( iN'llj^znia ntiidind the 
Milpliur a, ml jMlidilorobenmic. Kulphur 
in .rniuhU* in luei’Ctiry ludhkk; and in ethyl 
nitrate, IVmu w hirh nnin i( k uni, prnepHiaiod 
l»y waU'r. d. A. \Vilkuu“.nn and co worki'r.s found 
I in' Nnhilnlil It”'! <d rlmndnc and ninnoclinin Hulpluir 
in /;7r-didilorodiethylsul|d^^^ in' IlK'Hunu^ over 
I in' ra npy linS-:! IdS*' ; ami t In' aoluiiililiV' f.(), curve 
r; aliuwn in Idy .'lU*, l»<‘!<fW 7S'\ flm Molid pliuHC 

in rlumildcmsu Iplnir, and aii<»ve llial. (mnp., mono- 
clinie nulplinr. I'lm ;inlidMli(y nl' anmrphouH aul- 
[ihiu* !'. Imlnw IMI pm* cniit. al ininp. Imlovv 12(f‘ 
al- wliii'li U'lnp. '-ailpinir nn'll ■. and pa.iMen inin anlu. Sal. coin, of snlplnir in 
( his ,S(d\'eni ('(oiiaiii 7‘d pnr onid. <d' sulphur a ti : lin'i por rent, at UO" ; 17*5 
pnr cenh. al KHf', ami 21*11 piT nmd, at hit . Ih l{afhKn hntnd Mil[)hnr to im 
soluldc iu ethyl, sulphide ; and ii is (lissidNU'd hy ethyl aud butyl liydrosulphides ; 
it is also snliihh' in eacodyl oxide and in warm allyl ihiocyaiute \V. Ah'xeclT 
yavc 121' for I he oritioal aoln. Imnp. <d' allyl I hiocy a nal n ami Milpiiur, A. Nau- 
mann found ^sulphur is sliuldly mduhlc in bcnxioiutrile al ordinal v tump,, hut 
more Holuhln at a. hi;^!i(‘r oim. 

i\ UA binhennaam obHorvnd 1 1nd lailfihur is tliasolvi'd hv vvarnn none, acetic 
acid, hut only a trao’ is (iiss<dvo(J hy the dil, arid. M, jJos-nnfnld found stdpliur 
io he readily <lissnlvcd by boiliny acetic anhydride, ami 1 his, aoeonrupi^ to H. Prinz, 
witdiout chcnueal uctuuL .L N. Brdustod showm! that 0", ethyl Sormate dinsolveB 
<)d)2H })tM* cent, of /J'Hiilpliur. and pnr omd., of n sulphur. A. Nainnanu 

<dwo,rvt‘d that sulphur is s}5a,i‘injj;ly sohihlo in methyl acetate, a, ml soluido in ethyl 
acetate, whiicJ, Al. hWro ol^sorvud dia.1 un.orum'dnT dissolvi'sd pm* mud . of sulpliur. 
8ul[)buT in insolubh* i u valeric acid, a.nd i,n amyl valerate, <b Vulpius found stilpluir 
io be Holublo in a soln. of stearic acid; wdiih* (*. H. (hrio.n iiufcd thah 100 i\i\ of 
oleic acid dissulvi' 6*7 grins, of sulphur in six chiys. A. Michairl ohsimvcd tJiat a 
cold alcoholic sola, of sodium ethyl malonate dissidves sulphur, with a slight 
cheinieal action. Hulphur is slightly soluble in a. boilirig <um<*, sidu, of thiooyauic 
acid from which inoKtsc])arates out. on <’<Hdlng. 

G. (Japcllc, and F. W. 0. do tlonin<‘k fouinl thut wIhui acetylene is piisscd over 
moltoii sulphur, in t*hc ahHcnco of air, ilic chicC products ;u’4'. hydro|U'u sidpliidc, 
mirbon disulpliubj, uiul thhiplmuc. II. V. A. Briscoe aud J. lb IVci, uml J, lb Peel 
and P, L. liobinson also notml ihc production of l.hiophmH* as well as carbon dimib 
j)liklchctwctui32r)‘bind65(P ; V. Mi'ycrjuul T. 8un<lnicycr sdso uotml Itic prodiurioii 
uf thiophene in the rca(,'dioii. Sulphur is soluble in vaierylem A. .Ftard found 


that 100 grrus. of a hexane sohn of Mulpluir conbun at 
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X [f. llildcbmd and C. A, Jenhs found that 100 grins, of heptane dissolve Od24 
grra. of a-sidphur at (f'; 0*362 at 25"; 0*512 gnu. nt 35" ; (MiOH gnu, at 45'' ; aud 
0-926 grm. at 54 ‘‘A A, JAiyen,(h lb MansfieW’ A.Gossa, ami A. I^itard obHcrvml that 
sulphur is soluble in heaxene ; tlu^ lusDuanuHi gave for 100 gnus, of the sobu, at 

0" 20** 40** 00** so** JOO' ri(P ISKf 

Sulphur . PO 1-7 ;P2 0*0 10-5 17*5 2ib0 :i0*0 gmw* 
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M. Amadou said tlial 100 grms. o£ solvent dissolves 2-15 gnus, of sidpiiur af 25'^ 
— i.e. 2*9 grins, per 100 gnns. of soln. ; and R. Dciaplace, 1-582 grms. of sidpluir per 
100 grms. of solvent at 15'^'. J. Bdseken, and 0. Rriedei ami 
J. M. Crafts observed that boiling benzene in the presence of 
alummiani chloride reacts with sulphur, forming diphenyl 
sulphide, thiantlireno, etc. Jl. L. Hanimick and W. E. Holt 
studied the (‘cpiilibrium conditions in Uu‘. system: S-™Cbll^i. 

W. Alexeeh gavt^, 16*1° for th(^ critical soln. t<‘iD.p. with 
benzene and sidphnr. »L H. Hildebrand and C. A. Jonks 
found that 100 grins, of benz<mc at 25° dissolve 2*071 grms. 
of a”Sul})hur; and 5*1()5 gnns. at 51°. 11. R. Kruyt ob- 

served that benz<‘.m‘. ami sulphur arc coiuphtely miscible 
above 160°, and btdow 220°. TIic miscibilit.y curves above 
and below tlu\s(^ temp, are illustrated by Eig. 31. J. Boseken 
represented tin', ri'.action with boilixig benzene in the pre- 
sence of aiutniniiim chloride by : 8!3“hb0cHG+»^A.l(Jl3:^4H2^+2(Ci5ll5)2S(AlGl3) 
-|-(C 6 H 4 ) 2 S 2 .AlCl 3 . According to J. N. Bronsted, at and 25*3°, benzene 

dissolvi^B rest)ectiv('ly 2*001 and 2-335 per c(mt. of ^-sulphur, and 1-512 and 1-835 
j)er cent, of a-sulpiuir. J. Meyer also noL^d that /S-sulplnir is more soluble than 
a-sulphur in bcnzi'iie. J. H. lliidebraud and 0. A. J<'nks found that 100 grms. 
of toluene at 0° dissolve 0*987 grni. of a-sulphur; 2-018 grms. at 25°; 2-722 
grms. at 35° ; 3-920 grins, at 15° ; and ‘1*85 grms. at 51°. R. Delaplace found 
1*857 grms. oC sul])liur ar<i dissolved by 100 grms. of toluene at 20°, W. Alexcelf 
gave 180° for tin', critical soln. temp, with sulphur and toluene. H. B. Kruyt 
observed that; with sulphur and toluene, the limits of comj)letc miscibility liti 
between 180° and 220°, and the curves are similar in type to those of Eig. 31. 
J. K. Ho.ywood made observations with inixtim^s of sulphur and toluene. 
A. Smith and co“Work<irs, and H. R. Kruyt studied the system sulphur and 
triphenylmethane ; the solubility curves ar<i shown in Fig, 7, and the miscibility 
curves are similar in typo to Eig. 34, with the limits of complete miscibility 
between M5° and 200°. J. K. Haywood made observations with mixtures of 
sulphur and xylene. H, R, Kruyt found that the system sulphur and m-xylene 
gives curves in which the components are not completely miscible within the 
limits of texup. employed. J. H. Hildebrand and C. A. Jenks found that lOQ grms. 
of m-xylene (lissolve 1-969 grms. of a-sulphur at 25° ; and 3-604 grins, at 45°. With 
sulphur and ethylbenzene, a chemical reaction at about 200° intcrf(ir<\s with the 
results. H. B. Kruyt, ajid D. L. Flammick and W. E. Holt studied the system 
sulphur and benzoic acid; and K. Schneider, the action of sulphur on various 
organic iodides. Sulphur is soluble in ligroin, etc. N. T. de Saussure found 
that 12 jiarts of hot petroleum from Amians dissolved one part of sulphur: 
0. B. Mansfield found sulphur to be soluble in ligroin. Eor the solubility of sulphm* 
in grams per 100 parts of coal-tar oil, J. Pelouze gave for oils of different sp. gr. 
and b.p. : 
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sp . gr, 

B.p. 

15 ® 

30 ® 

50 ® 

100 ® 

120® 

130 ® 

0-870 

80 °- 100 ° 

2-1 

3*0 

5-2 

15-2 


— 

0-880 

85 °- 120 ° 

2-3 

4-0 

6*1 

18-7 

27-0 


0*882 

120 °-* 200 ° 

2-5 

5-3 

8-3 

230 

32-0 

38-7 

0-885 

150 °- 200 ^ 

2-6 

5-8 

8-7 

20-4 

38 

43-8 

1*010 

210 °-- 230 ° 

e-u 

8-5 

10-0 

52-5 

00 

00 

1-020 

220 °- 300 ° 

7-0 

8-5 

12-0 

54-0 

00 

> OC 
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A. Payen found that 1-35 and 16-2 grms. of sulphur dissolve in 100 grms. of tur- 
pentine at 16°, and at the b.p, respectively. Sulphur dissolvi^s in hoi. styrene, 
and separates from the soln. on cooling. A. Cossa found that 100 grms. of phenol 
dissolved 16-4 grms. of sulphur at 164°, A. Smith and co-workers found that 
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luixtiireH <»l sulphur and JOOgrms. of phenol could Ix' hoaf<Ml until tlu^y w(to homo- 
gtnmouw, and on cooling, a. cloud'un'SH apix^arcnl at 

ins' i(>o*r>" irn" 

Suipimr . ^)•l linn 2««o ;un5 inms. 

Hiniilarly with lOO grins* of ^-naphtkol, a clouciiiu'iss app(nii‘ 0 (! sU. 

JIB'^ U:K5'‘ .157'* UU'* 153' 

Sulphur . U BihZ 1)7-1 :i()() Krton. 

Hulphnx is slightly soluble in cold creosote, but oiie part of sulphur <lksolves in 
2*6 parts of boiling creosote. A. Oossa, V- Merz; and W- Weith^ J. hVitesche, 
Iv. A. Hofmann, O* flinwsberg, and J. A. Earral foui^d that sulphur is very Boliible 
in warm aniline, but sparingly soluble in the cold. W, Ah^^eed? gavi*, 138'' for the 
critical soln. temp, with anilmc and sulphur. A. W. flofmanti, I. (Jcriit, and 

K. Beckinami and W. Gabel found tliat ^ninoline dksolvcus sul[)hur, hut a redaction 
sets in with the evolution of hy<h’ogen. i>. L, ilaimniek and W. K. Holt studied 
er[nilibria in the systems sulphur an<l quinoline, sulphur atul pyridine, and sulphur 
and p-xylene. With pyridine as solvmiis aud a vule-anizcxl rubber nunnbrane, 

L. Kahlenlx^rg was able to Si.‘parate, by dialysis, sulphur Iron) ca.ue. sugar, silver 

nitrate, or lithium chloride. 3. W, K lever found that lOO grms, of nieotme at 100® 
dissolve 10*6 grins, of sulphur. Sulphur also dissolvivs in comixic^ Sulphur ii^ 
soluble in hoi oil o! copaiba, hot oil of caraway, hot oil of mandarin, hot oil cf 
amber, hot resin oil, and hot caontchoiic. C. S. Vtumblc*. and (I D. fiUMuie studied 
the aolubiiity of sulphur in xuibbcr. W, J- Kelly and K. B. Ay(u*« sti-id that the 
distiibutiou of sulphur beWecJu tuxvulcaniz<5d rubber ami amyl or )^i~butyl aleoliol 
obeys Henry’s law. The sulphur is present in the rubber in a state of soln. and 
not of adsorpiiion. 3). 1\ Twias and P. Thonias found jii“aul|>htir slighliy more 
active than A- or 7r-sulphur as a vulcanii^ing agimt for caoutednuu^. Ih Bary and 
L. Weydert concluded that ordinary vulcanized caoutchouc is an <xjuiUbnum 
mixture, and that combined sulphur is set free on diminishiug the osmotic press, 
of the free sulphur. The reaction of vulcanization is rcprctt(mt<Hl as GioUxe'hSs 
:^^CioHieS 2 , but the numerical data obtained arc notin agreenumtwith the. or<Unary 
law of mass action, whatever hypothesis may b<i adopted as to the of poly- 

merization of the hydrocarbon. The conclusion drawn is that the hydrocarbon 
molecTxlcs having polymerized by union at the double linkings, on vulcanization 
sulphur first becomes attached only to the terminal doiibh^ linkings of a chain; 
further vulcanization, therefore, can only occur aftt^r dtq)olyin<^rization. 
Wo. Ostwald, IL Pohle, and W. E. Giancy and co-workcra studied the rate of 
combimtion of sulpluir with rubber in the formation of vulcanite ; A. 1\ McPherson 
and co-workers, the density and electrical properties of the system aulpkur- 
rubher. G. S. Whitby and H, D. Chataway studied the action of sulphur when 
heated with Imseed oil. J. J. Pohl found that linseed oil dissolves the following 
percentage amounts of sulphur : 0*630 i>er cent, at 25^ ; 1*862 at 60^’ ; 2*b87 at 
95® ; 4*935 at 130*® ; and 9*129 at 160® ; while J. Pelouze observed that 100 parts 
of olive oil of sp. gr. 0*885 dissolved the following parts of sxilphui: : 2*3 at 15® ; 
6*6at40®; 20*6at65®; 25*OatlOO®; 30*3atn0®; and 43*2 at 130®. D.H. Wester 
and A. Brains found that at 45®, 100 grnxa. of anhydrous lanoline dissolve ()*3B gmi. 
of sulphur, 

For the action on various hydrocarbons, vide injra, hydrogen sulphide. K. h\ Mar- 
chand studied its action on sugar. TJre action of sulphur on n-octauo, oetylexro, indene, 
liydrinden©, eyeZo-pentadiene, and a-m©tbylnaphthalene, was investigated by VV. Fried- 
naann ; on sulphones, by J. BOsoken ; terpenes, by P. F. Budnikoff 'and M. A. Schilof^ ; 
cyclo-hexyl ehlorido, by A. Mailhe and M, Murat ; hydrocarbons— diphenylmethane) and 
duoren©— by X.. Szperl and T. Wiemsz-Kowalsky ; organo-inagneslum compounds, by 
H, Wnyts and G*. Cosyns; amines— tolaidine— by H. H. JHodpon, H. li. Hodgson 
and A. G*. Hix, andl L. Oattermann ; diphenyl, and antliraquinono, by E* Beckmann and 
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K. HjuihIhui. catalytic ai‘4ivity of sulphur compotinds ia the autoxidation of various 

orp;;anic coriipourulH - “boiiJialdohydo, analdehydo, styrene, turpentine, linseed oil — and 
HO(iium sulphito ; was ntudiod by G. Mourou and co-workers. H. Freundlicli and G. Schikorr 
louud that <H)lloida.I sulphur hasteuB the conversion of maleic acid into fumaric acid. 

Tlic act;if>n of sulpimr on the metaJs and metalloids is indicated in connection 
with the r<^Hpo(ttiv(‘, sulphides, etc. ; similarly also with the metal oxides. Accord- 
ing to A. K. Wood and (!o-wc)rkcrs,t> the corrosive action on metals of naphtha soln. 
<)[ sulphur, iimrcaptans, Jiydrogcm sulphide, aikyl sulphates, sulphonic acids, etc., 
increases in presence of water. In some cases, this is due to ionization, but in other 
(uises, as with free snlf)Iuir, it is due apparently to the formation of anodic and 
cjithodic areas. A mercaptan Boln. yields with most metals a mercaptide which is 
(leco!uposed oxy heniing, yielding sulphide. The affinity of metals for sulphur was 
(liacuHsed by Iv,^ dellinck and ff. Zakowsky, C. Frick, and W. Gucrtler— turfc mfra, 
hydrogen sulphide. T. W, and W. T. Richards tried to measure gravimetricaliy 
the Jorcjo of chemical ailinity at a distance of about 0*001 mm. between the sulphur 
and the oxides of silver, copper, iron, zinc, and magnesium. In no case did the 
ai^tra-ctivi^ forcu’j aruourtt to 0*1 rtigrm. ; and it was concluded that the force of 
ailinity must decrease very rapidly as the distance between the attracting 
atoms iuereascs. W. P. Jorisacu and 0. Groeneveld studied the reaction between 
sulphur and iron, and sulphur and aluminium, A. Frumkin observed that when 
dr(»f)s of ii soJu. of Hulf)hur in a light volatile solvent— like ethyl ether, benzene, 
aud light p<jtrolc.um' - arc dropped on to a surface of cleau mercury, the first drops 
s[)r(^ad nut very rapidly and subsequent drops more slowly until finally a stage is 
rojicliod wdioro addition of another drop does not cause further spreading. At this 
stage, the mercury is (jovt^red with a unimolecular layer of sulphur, and the area 
of the surface occupied by each sulphur atom is of the order of magnitude of the 
cn’OBS-soction of a mercury atom. The linking between the mercury and sulphur 
ilk) ms would therefore seem to he of the same type as in a chemical compound of 
those oleuieutH, K. KSchnoidcr studied the action of sulphur on germanium and 
stannic iodides. 

The action of alkali hydroxides on sulphur has been previously discussed 
• -2. 20, 21. C. Fuhlberg aud M. W. lies said that when potassium hydroxide 
is fused with sulphur, sulphide aud thiosulphate are formed; with an excess 
of the alkali, only sulphite and sulphate are formed. M. J. Fordos and A. Gelis 
said that with boiling alkali-lye aud sulphur, more thiosulphate is formed than 
corresponds with the reaction: 3K20+•?^S■4-•B[20==2K2S;^_2+K2S203-|-H20 ; 
alkaline earth liydroxides give similar results, J. B. Sendeieus said that the 
equation xepresinits a limiting case applicable only to cpuc. soln. ; with dil. soln., 
the polysiilphido is decomposed into - thiosulphate and hydropn sulphide. 
According to 11. V. Tartar, the primary reaction of sulphur with potassmm 
hydroxide in hot aq, Rolri. takes place in accordance with the equation : 6KOH 
^ BS^^aKsSad-KaBaOs'l 'SiraO. When sulphur is used in excess, a secondary 
reaction ocenrs, in which it combines with the trisulphide to form the pentasuJ- 
phido. Potassium tetraaulphide is perhaps fornaed as an intermediate product. 
A variation in temp, (below 100°) and cone, does not alter the nature of the 
reaction. H. Pomeranz supposed that some hydTOsult)hite is formed- With 
solid alkali, and sulphur, E. Filhol and J. B. Senderens' gave 14*4 Cals, for the 
heat of the xcaotion ; but in dil. soln,, no heat is developed. With solids, the 
reaction proceeds by simple trituration ; but it is slow in soln., and this the more, 
the less the cone. E. ]§oyle observed that while neither sulphur nor potassium 
carbonate is soluble in alcohol, yet the spirit of wine in contact with a mixture of 
sulphur and potassium carbonate will in less than an hour, and sometimes in less 
than a quarter of that time, dissolve enough of this matter to be richly colour’d 
by it, and this without the help of external heat.’’ T. L. Davis and J, W. Hill 
obtained a similar result. J. K. Haywood, S. *1. M. Auld, and R. W. Thatcher 
studied the reactions which occur when mixtuxes of calcium hydroxide? water, 
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aii<l sulpliTir aT(- baih'd for piaiodH of bjiu(‘. T!k‘ soln. (‘onijiiius chiefly 

euh'iujii |)ontiisiiI])!ii(b', aaul ihioHiilpliaU' tog(flhcr with scniu' wulpbila^ arul Kulpluxte. 
!j. C^uiMoau iuvc^!siip^aie<i iflic action of bariuili liydroxido, aulpliur, Jind boiling 
water* According to J. !h HcruionMus, tla^ roacd-ion wii h aulplmr wluni boibal with 
cii®roiis and cupric oxides, or with silver oxide^ can In- HymlH)lize<l : ‘lAgoO-f/lg 
- "■^hVgoS d“ AA’i>SC>| ; a,nd dAg^^O.^d 1 dW();s. Tlx' .sulpbiitc, pia'Hi.stK even 

ad'ier long indfieg wluci tlx* oxides of cadmium, mercury, lead, bismutli, or nickel 
is similarly ireatod ; cobalt oxide is at.t-acked itioro slowly tJuin nickel oxide, aii<l in 
both C{nsc‘H a tlii<nsui|)bat('- is fornnal wbi(di <^<a^(HU[>os(^M int o tdx‘. sulphaitc; ; man- 
ganese hydroxide, and magnesium oxide form t-hicsuljdiados ; a.n<l when chromic 
oxide or mercnrovis oxide in trilnraU'd wdth sulphtir, inflaninniticn tnay occur 
with tlic format ion of snlpbiir dioxide, sulphat-c, and snl|)lii<le. (I. Uriictoicr 
found tlmt when a mixtaire of cbroinif*. oxides and sidfiliur is luMded in air, the 
(^xide is not c}nmg<‘d ; chromic anhydride inilium^s, a-nd forms chromic oxide 
together wit h a litt.Ic chromiinn, suljdadc — -mde infra, ,L. ihumdrimns found that 
nioUnn alkali chlorides nuud- wit h sulplmr, forming, ata high enough t<nnp,, sul[)hur 
<d)k)ri(l(‘. and alkali sulpludt^ and at a lowin* i.emp., sulphhh^ auul <‘.hloriruu W. Relci^- 
net! obaerved t-hat boiling Holn. of the alknJi chloridics an's not decomposed. 
A. Mummlli found that a soln. of cupric chloride ae.idifiiul with, hydnxdiloric acid 
and siilpliur Insat^cd in a scaled tube at ir)0‘''~-I8()''h is parldy nnluoisl (,o a cuprouB 
salt— sulphuric acid is also form(‘d. 0. Knit and 11. (ioila prefuiuu I aluminium 
tetrasulphotxichloride, by (‘xtractmg tdu' <ionif>Iex sal(.H of alunnipum 

i dciiloridc and sulphur chloride with (‘.arhon <lisulphule ; alnminilim trisulpho- 
trichloride, AKJhj.B;}, by reducing suljihur ehlorid<'s with an (uxcuhs of aluminium; 
aaid aluminium disulphotrichloride, AKAj.H^, as in Qw easi^ of Idu^, bdrasulpho- 
salt, M- KafTo a.Tui A. IhiToni showed that a colloidal soln, of Hul[>hur reacts with 
stannous chloride, forming stannous siilpliide, and iijdrogim sulfdiide, Whem 
deliydrated cupric sulphate is heatAsl with Hnl})hnr, (h Bnh'kiuu* found that it is 
rtulucuul to cuprous sulphide, (b Vortrnann and iu Ihulluug sliowcal that an 
mxc<\ss of liydroidiloric acbl is iu‘ccssary for the. oxidation of stannous tdilorldo 
when it is hcatcul with llowcu’s of sulplmr, llydrogcm Hulphidc Is fornu^d, and all 
ilic till is converted into stamvio (diloriile, reu< 5 tion with cuprous chloride is 
nprresented; OudjU-bi^ -^'^8 Idjudijj. W, Wardlaw and h\ W, Pinkard obtained 
a. black precipitiate containing a larg(^ proporldon of cuprous sulphide by luxating 
cuprous chloride with finely divided salphur and <lil, hytlrochlorie. UiCul (U2 (uc. 
of per cent, acid and IbB c.<s. of water) at 1)5*’ In a cmrnuit <»f carbon dioxide. 
(]. h\ kainmel»bcrg% and O. W, Huntington sliowcd tbai^ if silvtu sulphiile and 
(uij)ric chloride acb on one another in the presence of air and moIu. of sodium cldoridc, 
(uiprons chloride, silver chlorhhu and sulphur are prodmnnl m: the cuprcpis (dilorido 
is converted into a sul]>liide. Tlujy also notfCd tlu^. secomliiry rtuiction : 
(jii 8 +CaCL=~CiiijCl 2 +’H, wliicli is th(^. rcvcrBc of G. Vortrnaun and <1 Kadberg’s 
reaction. E, Filhol and J. B. Sendcrens ol)B<^rvcdno sensible diH,mmpoHition when 
a cupric salt— sulph, ate, nit/rate, or chloride— is heated witdi Hul})liur. W, Wardlaw 
and If. W. Pinkard reprcsenixxl the reaction which otuuirs whmi cmpric (diloride 
and sulplmr arc heated for 4 hrs. with clil, hydtoebtorio mud (112 e.c. of 33 _ per 
cent- and 138 e.c. of water) in a current of carbon dioxide : 6 (/uCl 2 "i“'B+ 4 Hi >,0 

— 3Cu2Cl2H-6HCl+H2S()4. In general, colloidal sulphur is jrnwih lucire reactive 
than other forms of sulphur. According to A. Gerardin, 100 grins, of stanuio 
chloride dissolve at 

cr mi® HO'* nu" 

Bulpliur , l)-8 0’2 8*9 ihi> 17*0 gWJH. 8* 

W. Sch^mci'E observed that the alkali nitrates arc not; di'composed wluui boiled 
with sulplmr ; alkali sulphates were, also said tcresist attack ; hut J. B. Senderens, 
{‘bsexvexl tlmt the alkali sulphates are slowly dccom];)oscd. K. Bru(hner found that 
the sulphates of litlrkm; sodiuiu, and potassium react at a red-Jmat with tdie evolu- 
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t-ioii of sulpiuir aii<l fotmafioii of an alKaliin* rosidiio (if sulj)!u<l<% 

siijpbat.i‘, a,iul polysnl l(‘ Tla^ alkaline earth sulphates yiold sinulaa* produc'fa. 

hut r<ui<*t loss readily. Tlaai^ i.^; no remit, ion willi beryilmiW, magliesiillll^ or 
alummiiim siiipiiates ai a, [leai . 'i'Uv sulphates of copper, silver, zinc, cadmiiini. 
mercury, thalliiiiii, lead, iron(-ous and cobalt, and nickel juv (‘onsaai.t'd into 

snlpluiias wit li t lu*. <ivol(d ioii of sulphur (rKi\id<‘. M. Ua,lTo a,iid A. Puo’oni rojin* 
souted tiui r<‘aa(ion with silvor ^adplla^ a.nd a, oolloidal soln. of sulpfiui’ h_\ 

I ‘iliwO 1 *1^! ■ni-SO.j I K. [iriic.knfw found Mia,t antimony and 

bismuth sulphates yiold l)lnis!n<jjroy iadphidrs of nndajlici apiK‘a,ra,n<i<‘, l>id in tin 
(iaso of bisinntly tin' tnt'tal is ohfaiiH'd winui a, smallt'r jvroportion of siilpiiur is 
cm])loy(H[ ; chromic sulphate yi(‘Ids a. hla(‘k sulphiih". insoiiibio in liol. Iiydrocldori(i 
acid; potassium chrome-alum forms with a, prolong(sl Inuding ohroinio oxido 
and ])ota,ssimn. snlj)hut/<' <ndy, hut. if tlu' lioaiin^ is limitod, lin'st* arc a(Miompaaii(Ml 
by a (Miinpound of poi;issiuiu a,nd (diromium sidpiinh's whifdi is insolubk' iu 
and (k'<‘oni})os('d by hydrochloric, or nltriti a.(‘id ; \V. Wardliiw a,nd N. 1), Sy!v(‘stt‘r 
found that tlni soln. of a, I «‘rvahud. molybdenum salt rna(it,s witJi sulpiiur, 

forniino; hydro,i.i;nu. sulphide,; (|ua,drival(mt molyhdc'iuiui saJls a,r(i not^ n'aol-ivo 
witli sulptuir. A(‘(‘ordin<i, to (h Btaudvtuu', a mixture of sulpluir and uranyl sulphate 
yields a mixium <if urauious and ura.nosic oxides; a.n<l cerium sulphate yields a, 
reddish-brown sulpirnh' (hicoinposcd by hydrochloric aedd. (h JNT. .Lewis a,nd co- 
workers found that- sidpha.t(\s a,r<* not nslucial wlnm aq. s(dn. and sulj)fmr au' 
heated to 150" I8(r. \V. Sch'ZiudT fouiul tha.t llu'. salts oC the Inaivy nu'dals art', 

partly d(‘composc(L <h N. fjowis aanl (a)“Work<‘r,s found that nitrates an» reduced 
to nitri(; oxidci wium iJn* a.p. solm is to 150 '» 1,S0'‘ with sul[)hur. K. Filliol 

and rl. !L Bcuuh'n'ns sa-id tiuit copper salts a.n‘ not (h'Cornposcd ; liuid sul])hat.c 
is slowly atta,td<(‘(l ; insolul)le silver salts arc, ^’(uu'ndly blackened, while silv<u* nitrate, 
forms silver snlphidin L. N’. Lnwis and <‘,o-\vork<Ts found that wdnni aap sohn of 
cupric, mercurous, bismuth, and lead salts ai:<'. h<'a,t.o(l witii sulphur t.o l50'"-hS('F, 
they are slowly huti (pmntitai.ividy la'diaus] ; ami mercuric, ferric, and staunic 
salts also are (juant itai ividy riHlucecl. 0, (Uutner, and K. Filhol ai\d f). P>. ScmbTeim 
made sonu‘. observations on this subject. (L V'ori.manu and L. Padberjj; found 
that the. salts oC tin* -iv. oxysalts arc nion‘. readily att.a,clo‘.d tluiu th(‘ ous oxysalt.s ; 
aq. soln. of zinc, cadmium, manganese, ferrous, and nickel salts, and bismuth 
chloride are. not a,!t»tuH‘(l wluui btiihal with sulphur. W. Wardlaw and F. TL (JLews 
found that ferric chloride, in a cone, solm of hydrochloric a-cid, is reduced to a small 
oxtciit by sulphur, W. S(‘Iezn<dt show<Ml that alkali carbonates furnish ]>oIy- 
sulpliide, thiosxdphat(‘, and carbon dioxule ; * when heated in sealocl tubes, tin' 
reaction is rcvc'rsibhn -vide 2. 20, 21. The alkalitu'. (airtli carbonatevs slowly form 
thiosnl]jhat(.‘S ; whilt^ tin?, tmstal carbonat<ss reac.t like the corresponding oxi<les. 
J. J. Pohl found that a 5*(i per <?(ini.. soln. of sodium carbonate dissolves no sulphur 
at 20'’, and ulanit 0*00775 )>(‘r cent,, at 100'*'. A. Girard observed that sodium 
pyrophosphate is slowly rc<hKj(?d when the aq. soln. is boiled with flowers of suljflmr, 
forming bydrogt'n sulphide^, sodium ortho})Iiosphate, and thiosulpliate, while. 
T. Saker rcpres<\nted tins reaci/ion : '>'<.Na4lk>07+d2S“l-3H20*----'2Na2S5d-Na2S^0;^ 
+6Na3HP207-b('a- d>)Na4P207 ; and Na2B5+3H2C) A little 
thiophoaphat(? is also formed, d, B. Scndcrens obs('Tved that calcium and barium 
phosphates arc slowly chuiompoBed when boiled with water and sulphur ; silver 
and copper phosphates arc? completely dccompovsed to sulphide^ etc. ; while lead, 
cobalt, and nickel phosphates are not changed. Arsenates behave, iu an analogous 
way : sodium arsenates form sulphoarsenatcs ; silver and copper arsenates are 
completody (h'coniposed ; h'ad and nickel arRonates are not decomposed ; sodium 
arsenite is (hicomposed into polysixlphido and hydrogen sulphide which forms 
arsenic trisulphidc and finally sodium sulpharsenite. Sulphur reduces boiling 
potassium chromate solution; hydrogen sulphide is given off, chromium sesquioxide 
IS precipitated, and ])oiassiiim thiosulphate is formed. A soln. of potassium 
dichromate affords^ in like manner, chromium (iliromate with potassium sulphite 
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aud sulpiialt* ; au<! inen‘-uri<M*Jir(Mnat(\s hit a-Lso a/if.a(';k(‘d, bul, ^alt 

m iinaHV(‘.|.(M!. W, »Solt‘zn<dT, J. fi. La.saaijijno, and <>. Doppini^ also ssoThumI Mial the 
clu'Omat^S a,r<' cl4‘(*()inp(>a(Ml !)y hoilini* wair(^r and Hiilphnr; \vhil(‘ A, Miuundli idimd 
a, .'oln. of potiissiuin <iic.hronial(5 and sulphur, in a H<‘a.lod iiibr af lAO'' !8(r 
is rtshuan! to rhronir. oxUli^ sidphnri(‘. is jdso foriiMuL N. N. Lowis and 

(ro-\vork(M’s, and J. 11 t^ondnnuis show<Mj idnit borates a. r<‘ <l<M‘oin po.s<‘d wlinti Ixdled 
witli vvatnr and sulphur, J. lio'(Tnia.rui di«(»us!;(sl ilia Iduo <’o|uiir oldniiusl with 
fused l)orax, or boric oxide. P, Pboll found that snlplnir Jiddod |.o rnolt(ni glass 
gives ayidlowor hrown-e,o!onro<l glass. Idje, bla<dv <‘,ol<nir prodm*t-<l in ghnss is not, 
as E, M. IVdigot su[)f)oscd, du<^ in a bhude a.llotropio. form of sulphur, bat, as 
W. ScleTinefT sbo\v<‘d, it is priidiH'ed hr forrous sulpfiide. A(‘conling to 
J. J1 He.n<lcr<‘nH, sulphur decoin posos boiling sola, of sodium and calcium silicates 
with formation of polysulpldihss, of some thinsulpiia.i<a imd cvofutinm of hy<lrogen 
sidpliido, while sill [duir, boibnl with [xnvden'il glass, (Iot.<‘rniin<\s a siinihir reaction 
whicli is prevcntiul by jx ])rcvi<)UH a.d<lition of bydnudilorlt^ a<*i<l. P. Petutroli said 
that the colours prcxlueed by sulphur m glass (uin inUu'pnditsI in ternm of the 
varying disperaity of the eleunmt. in the ea.se of snl[)hur, tln^ (‘oloration is duo 
to molecnlar disp)ersed Hiilplnir pr'^smit. in the form of f>olyHuIphi<h\‘!, ami there is 
no evidence of the presence of, <'.olIoida! sulphur in ‘d fbi.s type. 

The physiological action of sulphur. Sulphur has no aidaon on t-Iu^. skin, hut 
Bonxc of it may be coTiv(‘rtc<l info J)tydrog<m Hufplnd<' which aol s as a. mild vascular 
Btimulant and with sonu’s jxmsons produet^H <‘e:^cuna ; semu', sulphur may lu' converted 
into tfulplnirouH and sulphuric acid which act jus irri<a.nts. If t.akon internally, 
most of it passes out in the fmccs unalUwed ; but a sinall profHudion is <u>nvcrtcdin 
the int<‘stine. irdo liydrogen sulphide and other snlplndes, 1du\se hav(» a mild 
laxative efTcot, whic!li is soimd-inu^s uccumipanied by a fhdais of hydrogen snl{)hidc 
which makes Huljduir an urnkssirable laxativm Excessive ainountH (d sulpludes 
and hydrogen sulphideniaypnKliuui symptoms of asphyxia, and parjilyzi^ the. nervous 
and muscular systems. Acconling to 1\ Emnkld^ sonu^ sulpluir is oxidiml to 
sulphurous ae.id' in the intcHtine, and if in suHie.i(‘ut amotinl; it may produce 
hyjieraimia, and an t nercasod pumstalHiH. WIuui suljdiur is takini inbwtndly, Bome 
hydrogen sulphide may be cdiminahHl tlirongk thc^ kidiu^ys, tfio, milk, tdn^ lungs, and 
skin ; an<I Honic is excndxxi m sulphates in tlui urine. Ida*, hnudfi may smell of it, 
and silver ormirmmtB near the? Bkin may be di«c<)loun‘d. Ac.eonling to L. (k Maillard, 
colloidal sulphur, ]>rcpaTed by the interaction of hy<lrog(*n sulphide and sulphur 
dioxide, is complidely ami rapi<lly absorbed by nibbits when introducuHl into the 
oosopbagus, ‘Within twenty-four hours, Bomewbat less tlum 1ml f is eliminated with 
the urine as luincral sulphates, and a portion in tlie form of organic sulpliates. The 
normal axxioimt of tlic Jattcir is increased by 5-LT per c<mt.. aft(5r the ingestion of 
sulpluir, but the proportion falls helow normal when this is wil/hdrawn from the diet 
About half of the sulphur is excreted in an incompletely oxidized condit ion, probably 
in organic combination, since no sulphur, hydrogen Bulphide, or sulphur dioxide is 
formed on treating the urine with acid. It may be sappoBiuj tluxii snbBtauccs are 
formed by the conjugation of compounds of the type R.SOg.OlI with phenols, and 
that more highly oxidized compounds escap(^. combination in thin way. ‘L. Sabbatani 
showed that when the hydroBol is injected stibcutaneously, hycltog<ui sulphide is 
formed only very slowly. After intcrperitoncal injection it is formed more rapidly, but 
yet not sufficiently qutekly for it to be detectable in the expired air. When injected 
intravenously, it is readily formed, and for this reason the hydroaol of atrlpWr is 
very toxic. As the sulphur aggregates become larger, the toxicity diminishes. The 
dog can tolerate relatively large doses when the sulphur is introduced into the 
stomach. With the larger doses vomiting occurs, and’the animal rapidly recovers. 
The sulphur is naore toxic under the same condition in rabbits, as these animals 
cannot voxnit. A little more than 04 grm. per kilo, of body-weight can produce 
death. This dose can be well tolerated when introduced intraperitoneally or sub- 
cutaneously, although larger doses can act torically. When given intravenously, 
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doses of ()‘()0lir> Jiro. toxic*-, iho toxicity <lopcnding on the rate at 

the suiphur is 'mi ro<{u<*e<{. K, Salkownky .sindiod the cil’oci of cabbage on' iiic 
sulplnir (‘onijKuiiids in tin* nnin* of man and animals. S. Beck and H. Benedict 
fomui liin ext'p'tson of sulphur is increased by xmiscrilar work, and wlnm the work 
has ccasi'd, 1 liis is f( li lowi'd by a (‘-orrespouding dcMU’eaBC. The increase falls specially 
on oxidized suiphiir ; l-hi* non-oxidized sulphur due to proteid nndabolism may be 
lessened. W. d . Sniii h sa id t hat the union of sulphur and carbon is so si-rong in some 
oiganui snhsianci's, (Jiat t h<‘. (dicmical reaci-ious accom])lish(M! cannot sever thcac 
clements-^ cj/. ac(d()n<‘«(‘tliylnH»r<*-a])t()i, thiophene, atid ethyl sulphkhx In those 
iliroc cases Ihe sulphur is <*,omhined as Tlu* administration of 

carbaminodiiioglycidtie. a.<id docs augnumt tin*, urinary sulphates. TJic same 
subject was studied by h3. B(d<ry. W, J. 8. Jerome studied tlie sulplnu* cxcretioti 
iu a <log uu«h‘r va-rious <*ou<liiu)ns ; and W. Knuind, ixi infants. The removal of 
the liver from birds showt'd tliat. the liver plays no part in the formation of Bulphurio 
acid from tlu* sulphur of food. M. Kalni and .bh (I. (Joodridgo have reviewed the 
whole sul)jtHd- in iJieir /Sh/Z/Wr MvtaboVimi (Bhiladeljdiia, 1026). 

Tiie t-oxic act ion of sulphur on tite fungus oidiivm Tuckeri, which causes the grape 
disease*, was altributnd by it. Marcille, to the adhenmt sulphurous and 8ulplmri<i 
acids, 11. J. Wa,tcrrna.n found that sulphur inhibits spore formation in the mould 
asfcnjillns vitjer. Dining growth, sulphur accumulates in the cells. According 
to R. WilhduuK and II. D. Young, tests made with sulphurous, sulphtuic, and 
}>entatluonic. acids all found iu water in which sulfihur has been triturated — on 
the spore.s of Du*, SvJt'rolivi'a cimrea show that by far the most toxic are the poly- 
thionic acids. Ahhougl) the ac/idity of the Bulplmr filtrates is due jnainly to sul- 
phiiric acid, ycd. a sola, of this acid of ccj. cone, k not toxicu If commercial sulphur 
is freed from its [xilytfhionic. acids by suitable treatment with ammonia or nitric 
acid, it loses its toxicity, but rc^gains it on exposure to air and water. Artificially 
oxidized sul[)hurs a.rc also very elTectivo provided the oxidizing agent does not 
destroy the polytluouit*- acuds. Since the polythionate ion is not toxic in neutral 
or alkaline soln., thc^ toxicity of lime-Bulphur sprays is probably dependent on the 
dovelopmcnt of acidity, Ih) liberate the polythionic acid, by weathering of the 
sulphur. 

Over 100, 000 tons of sul{)lmr are tised per annum in Europe alone for dusting 
vines and liops. Many cxpcu’imcmts have been made to find if sulphur lias a l>ene- 
ficial inllucuco as a fcniilizing agent. E, B. Hart and W. H. Ikd^erson showed that 
considerable cjuantitics of sulphur arc removed from the soil hy common crops. 
Although tlie loss is ^lartly coinpensated by the supply of sulphur from the atm,, 
the lati/cr is probably (umnterbalanccd by the losses the land sustains hy drainage?. 
Soils which had h<?cn cropped for fifty to sixty years, and had received little or no 
manure, were found to have lost an average of 40 per cent, of the sulphur trioxide 
originally preseni*-, as <lc?t(jrmined by comparison with virgin soils, but in cases in 
which the farm manure had been regularly and liberally applied, the sulphur 
content of the soil had been maintained or even increased. It is therefore necessary 
to supply sulphur to the soil in order to replace that removed by the crops and 
drainage. E. Boullanger found that flowers of sulphur in soil increased the yield 
from such plants as carrots, haricots, potatoes, etc. ; and E. Boullanger and 
M. Dugardin attributed the favourable influence of small doses of sulphur to its 
activating effect on bacteria which break down nitrogenous matter in soil to 
ammonia, and on the nitrification filaments. 0. M. Shedd found sulphur increased 
the production of some crops ; it acted injuriously on some ; but it had no effect 
on others. T. Pfeiffer and E. Blanek found that with oats, the addition of sulphur 
had a slightly depressing effect, and it did not increase the yield or utilization of 
nitrogen. J. A. Yoolcker observed no effect with mustard, rape, and clover. 
W. Pitz obtained a slightly increased yield of red clover without influencing the 
development of the roots or root nodules, A. E. Thompson studied the effect on 
the rice plant. W. Pitz observed that 0*06 per cent, of sulphur decreased the number 
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oi buc'YM'ia, on aigar phvii's : i-haiM* was a.n itun’i^a.sod prnducdon of lunnuinia, 
aiula (l(M‘rca*s{^(l j'irld of nttraf.(‘S. J. II. N(‘ll<'r found I had l(*^»;uruo;i show iu\ incrauKo 
ill their niiro^jjf SI oonsiiasit wIhmi gTovvn ni soils oon|.;uni!i.f!; sul|dinr ; non h\irjun<‘S do 
notsissn. to he hHVcRo! in Jiii}'” way hy Mu' Miiljihiir, Sulphur hs no! so hkidy lo prnvi' 
advanlnj^i'ons on aindit' soils, a.nd on I hose soils wlui'-ii ;na^ improved iiy murlini»;. 
If. (h Lint oLsrrw’cd ihe aeidiiy <d' soils itnu'ensiMl i^radinilly nl'Ls* lie' addition of 
sulphur. The .sulphur is oxidi:<ed inoiH' ra.[iidly in heavy ela,y loam soils t.lian in 
Kaiidy lojun soils vi<fv supm. i \ Rrioux am! I\l. fiuerlad^ st.at.(Ml t had- I he. oxidad-ion 
of sulphur in soils is eidindy dui' to haeieriad aidion. <1, IdosiiodH JihsiTvial a,n 
insigiufi(ai nt iner<ons(‘ in tdi(‘ ram v<n'sion of or^nuiie. nitrogen eompound in soils into 
annnonia,. Aeeonling to W. Thfirner, ( h(‘ oxidation prodnets of idn* sniphnr eoni- 
pooudsiu {lead- nr<‘ injurious to plants, a.nd also to mortars and eeiuents. A. ILot- 
iuger clismisHod tin* role t)f sful[»hur aaid sul[>hides in hiologiead oxi<la, lions and 
reducddons. The oxidation of .sulphur in soils hy snl}dmr baaderia: was st.udi<‘d hy 
♦I. (L Lipinan and ro-vvorkers rh/e ,su//»ru for sulphur lva,(‘d.<‘ria,. K. lA Nord, investi- 
^a.t.ial the (dim d. of luaii and ll'-ion e.one. on (die bi(dogi(‘ad t.rmispotdat.ion .system 
<’()n tail ling sulphur. 

The uses of Slllplior/ Hulphur is <mij)loyed in llio pn'patradaoii of munerous 
sulphur (‘.ompoiUKls, and prepurndions r.//. sulphuric acid, nllranniriiuy viTinilion, 
and sulphur ilioxide. for making Mn^ his/ilpinte of li)uc 'l<\ eadeiniu hydrosulphit e « 
used in the \vood-[mlp industry. It is use<l in tdu'. priduumdion of gunpovvdiu’, 
niaiclies; and in vulcanizing ruhhe.r.'^ It; Is employed a,s a fungieido in coin- 
bating the Ho-calhul grapo-disoast'd^* et,e. ; as a disifdVedant' r/dc injffu sulphur 
dioxide; ia (uudaiii pharmacout-ioal preparations; a.nd as n paramtieidi* for t.hc 
i^arcoptes hondnk. Tlie. sceealled Hidjozon is powder<Hl sulphur with nuie.h adsorbed 
sulphur dioxided* Thcirusuluting (puilitiesoC sul]duu* hav<* applications ; and 
in conscqncm'.o. of its imud-msss iowai uS many cheinicad agents, it* is (unployml as a 
ccxnont oitlier alone, or in admixture wit.h sand e.//.in setding the hrie.k' liuingH of 
acid-towers; in (nmsirueddng storage-tanks ; pavingdloors ; in the luting of jars, 
etc. IVrr tfhis purpowy the. sulphur is melted. If not; w<dl stirrml, llu'. sulphur may 
become viscous ami take ike if in tin*, opmiair. Tt may he finsts! in jar keii'd- pans 
heated liy steam at*, say, HO th. press, d. MyiTs iis<n! sulpliur for tiu' ilrying ot 
gases, It is also used, ns a fixed point ’’ in graduating pyrometers ; and for lilgh 
temp, yapour-badbs in the laborat-ory. Sulphur is uh<‘( 1 in. talking casts of various 
ohjects. According to (]. Lepimt<*,,**M£ irndten sulphur at Id 5**^ 1 h'. poured on ]iritited 
or written paper, em cooling it acquires a sharp impre-ssba of tins (diameters, 
W. II. Jtobb(} described tin', indurating of wood with sulplmr to preserve, 
harden, and strengtdicn it, and makii it rn<m‘. acid-n'.sisting. d!he impregiiatioti of 
concrete with xnoltmi sulphur has also ixu^.n rcKuunmtmded for eiec(u‘olyt»io (udls, (‘.to., 
to make it stronger and imperviouB to acids. 
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§ 8. The Valency and Atowiic Weight of Sulphur 


Th(% valency of Hulphur iH varinbh‘. O^orhuo’ly. wlnoi ih(‘ llu^orv of iuniHiatiti 
valoucy wan faHluoiuil»li‘, it wan HUpjni.snd that nulfdiur wao bivnlout-, and oonipounda 
like BOj> and SO|j worn ayuihuli^od by (*Ioho <1 <'hain baonula*, ami aulphario aoid, 
.110804, reprcBonttal ilO.S.O.O.Oll. Atdually, Mulphtir appoarr* lo Ix' Idvalnit 
towards hydrogen ; qiiadrivalout and Hoxivalnnt^ towards oxyipai ; am! Hoxivulcni- 
towarda lluoriuc—H. Momnau and P. bidx'iudH ^ A. A. filaiuduunl^ ami 

A. It Mathowa made Home HiH^culatlonH on thin Hubjoef-. The variable valenoy of 
milplmrin illuHtraied by ethyl Hulpliide, and itn <»xidation prodnela ethyl Mulphthxitlc, 
and ethyl Hti Ip hone'- '(l<AMcribc<l l)y A, von ()efel<‘ : 


-*8 


cyia. 

OjIIb" 

Mhyl Hulphldct 


(yi 


l'34jyLniInnt»xfa« 


<y!, 0 

mu.vi nnlnluMni 


H. (!, Kliiigor and A. Miuishimi h1i<)w<>(1 I, Ind tlui .same [irnductfi lU’c oiilaiintd whim 
othyl Hiilphidu in twati-.d with itutthyl i(idi<lc. an wln-n itndhylfthyl Htilphithi iH 
irwitcd witli ctihyl iodidf, : 


(nr,i n\n,,. cti,, 

Hence, uiihiss an intramolecular eliatigo to a nii>te, Htaidn t-iniditiou (akcH (ilncp 
during the formation of the mcthyldwithylHulidiotiiutu itulido, llu* titive valcricioB 
to which the alkyl-groups ate attaclw'd must be fujiiivultntt. 'I’lie iliffonmt reHiilte 
obtaiiuMl by F. JKrttger, and J. A. Blaikio and A. 0. IJruwri, were aseribed by 
H. CJ. Klinger and A. Maassea to the preatuice of impurit.ii'M. It, Nasini anti A. iBcak 
Hupported the view that th(> products are diftorenfc hectuise the produets furnish 
conaplejc salts with platiimiu tetrachloride, one forming cubie and tlm ot iun inotio- 
clihic crystals. The different ways ef prejwiring niothylet.liylumylsul (dnni in in iodide : 


described by A. Brjuchonenko, aupiiotbed the conclusion of If, (1. Klinger and 
A. Maassen. The q^uadxivalcney of sulphur is emphasized by the existence 
of sulphur tetrachloride; by the formation of tbionyl ehloride, HObla, from 
sulphur tetrachloride and trioxide, observed by A. Miohaelis .-md (J. Belufferdeokor ; 
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ainl by of i'-onipounds of th(5 t-ypo 'J, observed ]>y 

0. W. Bl<>Ttist-ra,iL{l. II. i)<^ su]>p<>H(‘ti tluit th(‘. thnui alkyl grou])s in tha 8nl])hoiiium 
compounds an* hob! by hn’vmbml, wulpliur, ami that the halogen is atiack(Kl by an 
electrostatic bond, W. J. and co~work(irs concluded froiu ihe non -activity 

of tlui thetiue salts, also staid i('(l ])y L. Vaiiz<‘tti : 

no -(Ukt 

that the, four groiips dinutiy luuttMi to the sulplmr atom lie in the same plane ; 
hut tins hy])ot.h(\sis was not eonfinu(‘.({ by the later work of W. J. Poxjo and 
8. J. Ih'a(*h(‘y, I). Ktrdnihohn, and B. Binih'S, who were able to prepare optically 
active cojnpouuds containing an asynunetric sulphur atom ; thus, 

(Ul3^ ^ (UL.(J(Kt«U., CH3. ClIjsOOOlI 


This siibj<‘(it was di.scusH<Ml by M. St-holiz, and II. ¥. Goldstein. The optical activity 
persists wlnm t]n‘S<‘ c.otupounds are, dissolviHl in water, and ionization has occurred. 
Hence, added M. Lowry, opticut activity occurs in a trLsiibstitiitcd sulphoxiium 
ion, althougli it (hx'S not <‘xist in the analogous nioh'.oule of ammonia : 


Ita JJyS-R, 

lnnciivo Active 

He continu<‘d : no analogt^us diit(‘renc(^ x'-xisImS between the elcctroixic formula for 
the. two groups situie in <ut(5h case tlui (unitral atom carries three pairs of shared 
electrons, with om^. lone pair ’’ i.o coinjilete the octet. The contrast is, therefore, 
probably du<^ to tln^ (nvistence in the nitrogcui-compound of a mobility of atomic or 
moh‘Cuiar structure, similar to that which makes it easy to form a double or triple 
bond bctw<*(ni ehummts of the first short p<uiod, whereas this is dillicult or impossible 
in elennmts of tlni iabu* periods. 

E. Div<^rs t.ried to show that the sulxdutes contain only a quadrivalent sulphur 
atom — 'Vide infra : and A. Mkdiel and A. Adair said that the sulphones may bo 
similarly r(‘gard<sl as compounds with a quadrivalent sulphur atom, e.g. : 




>B- 


,0 

^6 


According to B, Otto and A. ’Rossing, the sulphinic acids may be regarded as com- 
pounds of (uthcr quadrivahmt or sexivalent sulphur : 


i\A% ^ 

B. C. Casanova arginul in favour of the sexivalency of sulpliur. L. Dobbin and 
B. 0. Masson irrepared compounds of the type illustrated by (CH^) 3 SIBr 2 , which 
may be rcpresent<^d with either a quadrivalent or a sc*.xivalent siilx)hur atom : 


CH 3 , 

0 B 3 >s— r< 

CH/ 


Br 

Br 


or 


OH3. J 
CHAs<^Br 
’"^Br 


but they favoured the latter hypothesis. E. A. Werner prepared a tetrachloro- 
trimethylsulxdionium iodide, (CHslaSClICla, which was not considered to favour the 
assumj>tion of an octo valent sulphur, but rather a sexivalent sulphur atom witli 
halogens having a higher valency than unity. The sexivalency of sixlphur was also 
discussed by T. B. Hilditch and S. Smiles, W. J. T?ope and H. A. D. Neville, 
J- A, N. Eriend, etc. B. H. Pickard and J. Kenyon, and B. Hermann prepared 
additive compounds with tlic sulphoxides of the type (^eHslsSO, but not additive 
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c.oinpouiuis with l-lic Kuli»[i<)tu'.s of ilio I'ypo (f 'I'lx'.V liiorclon' .'ismimo 
i.liafc l.h(‘ HulpiioiH's hiivo a ring Rl.ruciiiro in which i.h<“ f('Hi(iu<i.l vn.lcncicn sire miil.iially 
HiiiisfiiHl : 




(ir 


‘Vh. u <> 

Cl„ll„ () 


a,U(i u()i> 




<> 

o 


For |j;rou[utip; of tiu- Hulphur aiotus in f.hc luoknuilf*-, vidr. f^upru, hluo (tulloidal 
•Hulpfiur; aiul for iJu‘. itiolorailar woif^ht of sulphur, vide mpra, pfiyHi<^iil lu'oport.ies 
of sulphur, rl. ihc.card iuui J. il, Daniel, Jtiul V. M. (Joldscliuiidi <lisr4iHHed, the 
vuhuuy of Bulpimr from the point of view of the co-ordination i-!ieory. 

In *KS(KS, J,. Dalton « made, an estimate of the atomic weight of sulphur. He 
said : 


I <iedueo tlio weight of an atom of sulpluir (o be nearly 14 tlnuMi that of hydrogen; it 
in possihlo that, it may bo Honunvhat more or lens, but I think that* the error (‘aimot 
exceed 2, 


J. J, BerzeliuH’ (‘arly valm'.s for the. at. wt. of sulphur were ^ujually faulty ; later ho 
made, observations on the. sytiHu^sis of haul sulphat<‘ and obtaimal <T2-ll3 for the at* 
wt. of sulphur. He also obtained Ag<d : AgoH 100 : Hrr^l7«i7 for t.he, ra.tio of silver 
chloride to silv(‘r sidphide fornu‘d by luarting the <ddoride in hydrog(m stilphide, 
while L. F, SvanluTg and U. 8truv<‘. obtained 80*472. O, 0. Frdrnanu and 
Ji. F. Mandiand dt^/ernunediluMiinountof oalciumsulphaO* whi<5h could be. obtained 
from (‘.aicium carbonate ; and hx<‘<l the value, for sulphur by ref('ren<?(^ to calcium 
and to mtu'cury. They thus obtained il2-011 for tln^ at, wl., of sulphun 
fl. .B. A. Dumas heated silver in the vaj^our of sulphur and (dd.ained for Hh‘. ratio 
Ag: Ag>S 100: II4'8234; ami J, KStas obtained 100: n4*8r)22. J. F. Oooko 
reduced silver sulphides in hydrogen at a temp, low enough to hitultT the volatiliM- 
tion of silvtu’, ai\d lie obtaiiual tlu^ ratio !()() : U4-888j and 100 : J 14‘HH>b. I L Htruvo 
dotermiaed the ratio of silver to Hilv(»rsul])hate, and found Ag : AgBt I4 00*220 : 100 ; 
while J, S. Bias obtained 00*203 : 100. T, W. Richards converted sodiunn carl)onate 
into sodium sulphaO^ and obt-ained for the radio NiwOO;; : NuiiHO.i 100 : 133*085 ; 
while T. W. Rkdmrds and (I H. Hoover gave. 32*002 wlum the value for sodium is 
22*095. T\ W. Richards and <1. tlorics converted silver sulphaO^ inb^ the eddorhle 
by heating it in a stnaim of hydrogen chlorklc and obtaimnl Ag*»HD4; AgCl 
=-»j100 : 91*033. F. B. Ihirt and F, L. Hslier caleulattal 32*007 from tins ratio of 
nitrogen to suljdiur in the (k^cotuposiiion, of nitffogen sulphi<le* (at. wt. N M4K)0). 
In agreement with his l)iaH in favour of th<‘. whole nuitiber tluujry of at. wts,, 
a, 1). Hinriclis gav<?. 32 for the at. wt, of sulphur. 3. D, van <h‘r FlHat.H calculated 
32*059 from J, B. Btas^ data, and J. Thomsen, 32*074, W* (Oarkt^s summary 
of the data available up to 1010 gave 32*0667, F, Moh^s, and F. A. Ihiye said the 
best represexxtative value of tlie experimental work li<^s betw<Hm 32*048 and 32*056. 
The International Table for 1926 gives 32*06. 

Attempts have been made to calculate the at. wt. of sulphur frojn physical data* 
A. Leduo obtained from the densities of sulphur <lioxide and Jiyxlrogen sulphidt^, 
the value S=»32*056; and from the method of limiting densiiixis, 1). Berthelot 
obtained S=:32'050; and R. Wourtzel, 32*059. A. Jaq[uer<)d and A. Fititea 
obtained 32*01 for the at. wt, of sulphtir calculated from density determinations of 
sulphur dioxide ; A. Jaquerod and 0. Scheuer, 32*036 ; and tk Jkume, 30052* 
P. A. Guye calculated from the critical constants of sulphur dioxide, 32*066; 
d}, Baume and P. L. Perrot, 32*070 from the vap. density of hydrogtsn sulphide ; 
amd G. M, Maverick, 32*100 from compressibility data. 

The atomic number of sulphur is 16. F. W. Aston^s ^ positive ray analysis 
indicated that in addition^ to the primary atoms of mass 32 there are isotopC® 
of mtass 33 and 34 amounting to above 3 per cent, of the whole ; the 8^4 atoms 
appwt to be about 3 times as abundant as the atoms, E. KuHuuford and 
J. Chadwick observed no signs of atomic disintegration when sulphur is bombarded 
by a-particles, but H. Pettersson and G, Kirsch observed that the atom can be 
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disrupted by boiiil)ardmcnt with a-rays. The subject was discussed by 

G. I. Fodrowsky. N. Bohr represented the electronic structure : (2) (4, 4) (4, 2). 

H. G. Grimm and A. Sommerfeld, 1). R, Hartree, C. D. Niven, xA.. M. Tayior and 
E, K. Rideal, B. C. Biswas, E. H. Ghosh, W. Kisiiakowsky, J. K. Syrkin, W. Krings, 
T. M. Lowry, M. L. Huggins, C. G, Bedreag, F. Hand, W. Pauli, and 0. P Smytli, 
made observations on tlic electronic structure of sulphur, and H. Biirgarth, and 
H. Collins have made some speculations on the subject. 
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§ 9. Hydrogen Siilpliide 

This fn Aid 'Miirning w its U(>( <lrs<‘ril><‘d l>y 1 In* aiK’ii'nf Ihrrk f i< »‘r.: 
it is fr(‘(|u^ ‘tit 1 j f(Huul issuin<i; from and <’ral(’n-<>n lia* iicn I Itrs'ii ; uf tlin 

i\i<dit ('rra!n‘a,n Sra. f(. in ndaird I ha, I fh'l lna, tht' onudc of \|)o!io. m I hi* lomplu 
ah {)(‘lpld, wa,s t lirowJi irjfo an ('crdntir inai/a* hv uihnfiu/* atnia' }H*rijfiar vapour 
aiS<!(aHliiiiL( from a, ohaMn in l.ln\fp’oiiml af i }n‘ d'f>a/-<a' ol <hr l»’rap[»a Tho priosioHK 
Mum spolvM' ofhm ualli slirioKs and raxin/a; Hir an.avof.i id ({lo inxaaihh* 
A|)o!lo. if has hi'oti o<l fliai llm vapnur whirh ia-aioil info fho adxfuiii wuH 

hydnjnion aiilf^liido ,ii:as ; hid llu;' is a fanrifiil \i\ pol lu'sia h<'<\'Mr*<a allhoupji liio gas 
dca\s (‘xdl o, i !?(' sons<‘,s J hor(‘ is no ron.1 <‘vidon<M* to onahlo fho olioini,.! to idimtify 
i.h(‘ at ini).s|)}i(‘r(' in Ilia adyiuin with tln^ nialodoroiiH hydrovom sidphidod 

In tli<‘ (\t!l(viiou da,sw/;/mV’asw//r//’/ha/.v/r.s //rnr.v, hy Ah I haf lioiol- and fh hh Itiiollii 
(Paris, 18ST), if is stated t luih Nh). X of tdi<‘ hoydmt papyri (‘oidaiiia a, dosoriplion of 
diOVrmii hainsid' v3<of>0<tn)\l/ir mHtr <if vr, hy ii [day on I ho d<nddi‘ imam- 

iipi)' of 1 li(‘ w>rd 0< ?in\ the tljrhicn'utvr. Tim nualo of proparalion imlioah'S tJud» ilio 
li(|uid was a |)<dysulphid(' of cahdiun wliioh <M)idd ipvo Idaok, xadlow, or nnl pm- 
ni|)it.aft\s, and I'olniir tlir snrhmo rif nmials, Thon' is Imro no indioafion of flu* powor 
siihs<'<jurntly afirihnhnl io the diviim, wat.or of i nnisnud4rp>: nmtafa into gohi* In 
I 1 h‘ ajiocry phal Phynh'd ei 'myntirit, ascrihrd io Ihnuocrit.na (d‘ Aialora, liowaaoT, ilni 
(livino mt'Vr is oniployrd io obtain gfold, for ih nays t-hat^ whon fo/dna/omn-v (Hnanuii 
Hulf)hid(‘) is niingiinl wiidi hriim and antdniony ; indidio'd initil it ho(n>n)OH yoHow, 
an<l hoilm! in thn wndnr oC sulphur, ii will f>rodij<a% wlmii thrown upon nilvan*, 
ypixro^d/j/xuji'’ ho. jiiion of or idrud'iiro of gold. M. Ihndiiolot- am! P. hh Ihmih) 
noted that/ this simply nmans tiuii silver will ho suporlioially iinlod hk(* gohk The 
tdnnhcc'nt.ury writer, Zirsiiuus ol ihmopolis, the first, abduonist of known dale * 
1. 1, Ih <‘idl<Ml vvator nC sulphur the gr<‘jit inysterv/* He Jiaid that. Ilua water) 
like a ksivim, <dianges to its resemhlaaee suhstaiunvH with whioh it is treated, ‘rim 
leavmi was supposial to (nmiain the (listiiud.lvn'- (pialilies of ypld, and to eauao the 
molten niotal on wluhdi it wa,8 thrown to hnniHWd, iduuipjtdt if iiierohy into iia own 
naturo. Idiis sihous io ho the first <*xpr<VHHe<l (lefinifion of the pldlonopher'a ut.one, 
and the t.hrorv was ae,c<*pi(».(l hy t.ln* abdunniska of ttn^ Afiddh‘ Afp*:'. an the indinu 
whkdi fakins place iu iiin processor iraiusnuitniion.’*^ Zosinuni frequently nl!ud<*d to 
tim un|)l(uusant simdl of the divine vvattT, but not until t-lie sixteenth mndtiry has 
any ftirther nuuiiiou of this smell been found io occur in tln» litendiirt^ (d‘ alelminy. 

In irdlfij A. alliKled to tlu‘ tdiudxeuing of eorune by the futucs 

of sulplmr ; in KHM, H. Hoyle, io the, blaekenitig of silver by tin* fiifucM from liver 
of sulphur ; in 1075, N, Jmmery, to the hlaekeniiig of silviw hy the vapourr^ of sulphur 
tnnitted during the pn^paratlon of milk of sulphur; and in h\ IhdTmaiin 

refesrrod to tlic snmlk Hlo? rotten eggs, which is muitd/cd <lnriug preparation of the 
he su'/phm. }i\ Miyer, in ITfM, <leH<}ril)(ul tk<‘ (somhuHtlbility cd f lu* aeriform 
fluid (onitted when lifpar mlphffw is tr(‘.ated with rndds ; and II. M. Itouelle, in 
1774., obsm'ved that the. aq. solm has the samn odour as the gmq ntui fieposiln mitplurr 
when it m kept some time. He also Bhowed that thus gases from the llv^r of Htilpfmr, 
and from nuIplmreittHl mineml waters, are the sinner (k W. Hednsde, in 1777, 
reported tliai/ the gas can bo ohtainod by the action of achiH on liver of Hnlpdiur 
prepared with alkali or lime, or on manganese, or inin Hulfdiide ; and by lustting 
sul})kur in hydrogen. He found that the gas givi^n sulplmr when treateii with 
nitric acid or with, chlorine, and inferred thatdt contained sulphur, phloginttm, and 
caloric. ^ Jh Meyer had previously stated that tho contnimsl milpliur uui/kcH 
the gas inJlammable. A. iaumii also siipposed that tin* gas {uiidainM siilplmr and 
phlogiston. Immediately after 0. W. Schoele, Ik JhTginan proved that the 
sulphurous properties of many mineral waters depend on the prtmenee <d fiuH gas ; 
and he mentioned that tlie gas reddmm litmuH paper, and showcal that it r<uicstH with 
soln. of uumorous salts of^tho metals, The gas was now lnv(^st%ated hy tmmj 
climuiKts, P, Gcngembre, J. Senebier, (»tc. L, Vicdlurd found inciiontloiiB <if this 
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gas in putrid blood. E. Kirwan called the gas hepatk air, and stated that it occurs 
in coal-pits, and that it is the peculiar product of the putrefaction of many animal 
substances ; and rotten eggs and corrupt water are known to emit the smell 
peculiar to this species of air, and to discolour metallic substances in the same 
manner.^’ E. Kirwan examined the action of the gas on soln. of the salts of the 
metals, and emphasized the acidic nature of the gas. He thought that the gas 
contained no hydrogen, and said that “ it is difficult to conclude that hepatic air 
consists of anything else than sulphur itself, kept in an aerial state by the matter 
of heat.” C. W. Scheele called the gas die stinhende Schwefelluft ; it was also called 
Schivefelleberhfi ; A. N. Scherer, and L. W. Gilbert gave it the name Schivejel- 
wassergas ; and J. B. Trommsdor:ff, Hydrothionsaure, A. F. de Fourcroy, and 
C. F. S. Hahnemann employed the gas in the detection of lead in wines. The gas 
was analyzed by A, B. Berthollet in 1796, and shown to be hydrogene sulfure — 
hydrogen sulphide or sulphuretted hydrogen. 

The occurrence of hydrogen sulphide. — ^Hydrogen sulphide is found in the air 
of sewers and cesspools ; it occurs in the emanations from moist earth or moist 
slag containing pyrities or metal sulphides. It is formed whenever albuminous 
matter putrefies — e.g. eggs, the corpses of man or animals. It is found in the air of 
towns, and it then causes the blackening of silver ornaments not kept bright by 
repeated use — vide atmospheric air, 8. 49, 11 The gas is given oS. along with 
other gases from numerous springs. The offensive smell of mineral waters of 
Harrogate is usually due to the presence of dissolved hydrogen sulphide. As 
E. Goldschmidt^ has said, many of the so-called sulphur springs are known — as, for 
instance, at Niagara Falls, the Yellowstone National Park, Wyoming, the Stink- 
water Eiver, and the Eed Sulphur Springs of Sharon — where hydrogen sulphide is 
said to be exhaled to the disgust of those who live in the neighbourhood. Accord- 
ing to J. F. Daniell, and B. Lewy, sea-water contains some hydrogen sulphide ; 
K. C, Miller and oo*- workers found it in the water of San Francisco Bay ; B. Lewy 
said that 300 parts of the sea- water ofi Caen contained one part of the gas. 
A. Arohangelsky discussed the formation of hydrogen sulphide in the mud of the 
Black Sea. E. V, Smith and T. G. Thompson observed that on the Lake Washing- 
ton Ship Canal, hydrogen sulphide is produced by bacteria acting on the sulphates 
contained in the stagnant or sluggish brackish waters ; and the elimination of most 
of the oxygen from the water precedes the appearance of hydrogen sulphide. 
M. YegunoS said that diffusion experiments with the waters of the Black Sea 
discredit the view that hydrogen sulphide is formed at the sea-bottom and diffuses 
upwards. It is probably formed throughout the whole thickness of the water, and 
accumulates at the bottom where it cannot be oxidized. This subject has been 
discussed previously in connection with the occmrrence of sulphur. E. S. Bastin and 
co-workers discussed the sulphate reducing bacteria of the oil-wells of Illinois, and 
California. The following sulphur springs, amongst others, have been reported : 

J. von Liebig described the sxilphur springs at Aachen ; E. Willm, Aix-les-Bains (Savoy) ; 

E. Ludwig and T, Panzer, Altenburg ; A. P. Poggiale, Ani41ie-les-Bains ; C. Schmidt, 
Arasau (near Kopal) ; L. Waagen, Baden ; W. von Filhol, C. Moureau and A. Lepape, and 

F. Garrigou, Bagni^res de Lnchon (Pyrenees) ; P. F. G. Boullay and O. Henry, Barges 
and Barzun (Pyrenees) ; E. Willm at Olette, Pyr^n^es Orientalos ; C. Soixmidt, Beliicha 
near Altai (Siberia) ; J. L. Smith, at Boll Bruna (Asia Minor) ; R. Wildemtein, Burt- 
scheider Quelle ; A. and G. Negri, Casteggio (Cremona); L. Burgerstein, Cantets (Alten- 
burg) ; L. Marten, Eaux-Bonnes (Pyrenees) ; A. Schoof, and O. B. Fresenins, Eilsen ; 
A. Bochamp, Fumades (d’ Alais) ; L. R. von Fellenberg Grosswardefn, Gurnigel-Bad (Bern) ; 
T. E. Thorpe, R. H. Davis, W. A. Hofmann, S. Muspratt, T. Fairley, P. A. E. Richards, 
C. H. Bothamloy, A. E. Wilson and H. Ingle, and C. L. Kennedy and M. N. Johnstone, 
Harrogate ; R. von Drasche, Japan ; B. von Lengyel, Hechingen (Kolop) ; G. Massol, and 
P. Besson, Is^re-les Bains ; H* von Meyer, Landeck ; R. Bunsen, and F. Wandesloben, 
Langenbriioken (Baden) ; E. Sarasin, C. E. Guye and J, Micholi, Lavey (Switzerland) ; 
J* 0. Wittatein, Le Prase (Craubunden) ; S. Brigel, and P. Bailey and S. Brigel, Lobtrof (Solo- 
thurn) ; M. Gossart, Muerchin (Pas-de-Calais) ; C. Schmidt, Monbarry ; O. Henry, Montbran 
(Dept, de D6me) ; L. de Marchi, Montegrotto (Euganei) ; E. Witting, Nenndorf (Lipp- 
springe) ; C. R. Fresenins, Neudorf.; L. A, Buchner, Oberdorf (Algau) ; E. Willm, Olette 
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{I'yn'iUM's) ; \\ 0(vit riny,<'n (Uinlrnh '’Imuuu^ I ’ore Ik »u nrur Thilowo ; 

K. von r»!ln'a, I’ystimi {K(»ih('nlnn>') ^ Ucut Inir.rii (Sun UHtuclt^ V^^nodig)* 

<’. \ Snn SttMano ; h. 1 n'oulut’tui , P. PuUin aini /or, <um 1 A. Hai'innnrW, 

Srlua/riaa'h ( AargHii ) ; P, ll«niru*h <unl <5. Pn'II, I aiifuadMirf i iArUtolycdaryo) ; P. AliyJori 
Sobii.sirinnw oiler (S<'<'Iirnf'li) ; I'b I‘i'’r<'r, Srou p )l»rrlmyr*rn ) ; T, Srhiiudf, Stnorgon 
(IvU.-^Mia) ; A. 'I’h<M'ynil<ai, Sofihla, ; A. VAorlhulor, S|Hilaici ; T, Smualor, Sla<^kalbw(^ 
((Unrus); IP Nnsinmnd i \ I 'orl<'///a, and \). V itali/rjddano S»\l//Maayr,ioto ; K. K, Lung, and 
K. (A S'diru'iMor, d’la'nlf'tdiiTi ( i AJbortoni, I’\ lar '-niur juri M, H<d a/rroMt^ora ; 

( Jrlt^onitis, ( A ah ; A. \t:r<\s( itu*, Val < < Jallo ; A. P. Poyj^ialo, N Uerln* ; < van J lauor* 

Waraailin (d'(>i'Ab')i N\ al*/, \Vi<v>Inrh (Itadon), 

Tilo ariigin of sulphur .sprin?gt^ luu-? lanai (lLs(*u»ss(al by A. ilaaiiiory’ (!, Bwcliof, 

K. Pla]K‘liu<l, h\ AiU'rhaal!, 0. Ibu'IvI, <‘U\ d.'rhomann <d>!a'rvr(l tba,i Un‘ piiwnca 
af hy(lrc»gon sulpludr in ludUtal uiitinnil waters must, he a tt ril>u{.tal {(^ t b<‘ pteacuco 
of niicro or^.'uiisnts. In the wader of I^is.sukP Mn‘re is an nniua*obie apiriiluin which 
reduces Hiilpliat<\s. A<uau'diiiL^ In K. hiria, ihu hydrngpu atilphido fiann i lu^ fuimn 
roh's of A guano (Xapb'a) can he ignited hy n ph-co of lighted titular. Hydrogen 
sulphide^ m a tauistii u(*nt. of most oI tin' ao-oalleil volnunie ipoiem 'PIum wasshowaby 
the ariadyatvs of h*, W. Hun.sioi iiuuleon the futnaaoleM, ehu, iu the tteighhonrliood of 
tlekln, Iceland, hy (h *h Bt. t\ Devilh' and h\ luddauc on tlu' vtd<uuuc gasea of 
VcNuvius, ViileaiHu Hltia, and vanonn sj»rirtga in Sitdhy; hy 11. (hua'eix, on the 
gasi's ftaiiu Vi'stiviuH, {dnutoriu, and Niayros; A. Ihnnp on the 4‘KhnlalionH from 
Vesuvius, Stromluili, tdu^ voletutot^s td‘ .hiva,iunl tin' Chuiary Ishunbo and Kilauea; 

(X A. Kt ena.s, the, (wdia.biliotns from the Smitoriu voleano ; IB Naniiii und etnworkerj^, 
on tlui gases from V<nsuv!u 8, tin' Bh'grei Flaiii.M n.rul t he Alhule Waters of Tivtdi, ami 
the SpringvS of Viterho, Porgiin', n.nd Hatsomnggiore ; by IB Fuin|ne, on thi^ voloaiik 
gast'sfroin fuinarok's ass(U‘ia!<‘d with Vulcimo, the voleaaiie erujdion.u of Hantorin, 
and asribrnarine ('ruption near llu'. Azore.s; by 0, Hilvest-ri, H. vou WalterKhamtm 
and A. von Lasaadx, ,1. (L Honte, on the exhulationH from Etna ; by ( 1 h\ X. Eoohot 
trJIericonrt, tax the solfatara of Diifane, Abyssinia : by A, von Humboldt on the 
solfaiara of Urmuisi, (tliinese Tartary ; by T. Wolf, on tbo exludaiioim from Coto- 
paxi ; by if. Aloksan, and A, liucroix, on the enianatiotnu from, the fumaroloH, eto., 
(yf Alont Pelmy Martini<|U('; by C. Velain, 'on tlu> oxhalaiiotm fr<jm Hh Paul 
iHlantl ; A, L. Day and K. 8. Hheplu^rd, \V, lahbey, H* T. Allen, on the ganen from 
Kilauea ; ,E. T, Alh'ii and IB (i. Zu's, on the gas<uM from Mintnt Katmai, Alaska, and 
the fiutinroles of the Valhy of T<‘n TliouHiiml Hmt)ke.s, Cbuieml olmervaUons on 
the subject w(‘re made by iO. T. Allen, W, Hempel, A* limn, IB do Beaumont, ami 
T. ThoTkelssuu. h\ (h Phillips Hhow('d that the nat umi gan eseapiug from the well 
at Point Albitro, t’anadn, containH liydrogen su!f)ludo; Cl (X Ibnyurd, in the 
natural gas of Indiana ami Ohio; and W. If. Hailman, in the uatuml gas of 
Persia. IX PfeillVr^' fr)uucl liydrogtm wulphidt* in tlu^ giwcH HHsmdaitul w^iib tho 
Stassfurt fc?alt dopositH ; A. (Bmtie.r, in the oeedinkal gases id granites, 
li T. Chamberlain discusned t!u^ subjccjt of ocoludiul gaaew ia rocka. Hydrogen 
sulphide oceuts in the so-called stinking limestoueH iliHcasHiul by W. Hprittg, 
X V. Saumiloff and V. A. Zilberiniut^s, vV. Neruulkevitech, W. Vernadsky, ami 
dX J. Harrington. Tim lib(jration of hydrog<*u sulphide from gob” fires in anal was 
discussed by T. J. Brakdey. The occurrenee of hydrogen Hulphidrt in the stomatdi 
was examined by 1. Boas, and If. Strauss ; in urine, F, Mullet ; in boiled milk, 
by F. Utz ; md in sewage, by A. B. Porter and J* A. Cremwick, 

!Ehe formation and preparation of hsrdrogen aolpWide-- 4i. Kirwnn founded 
an argiinient that liydrogcn siilpjiidc docs not contain hydrogen lu'caimo ** hepatie 
air could not be procured from the direct imitm of inflammabb^ air and sulphurd' 
This is all wrong, for (X W. Bchcolc, and H. J)avy showcnl that wlm.n stilphur ia 
lieated to a temp, irear its b.p. in hydrogen, or whm hydrogen is immmi over melted 
fcjulphur, combination between tlic two ekmenta oceiirs slowly nnd incompletely, 
80 that even after a long period of time, a large proportion of hydrogen remaina 
imcombincd ; the yoL of the hydrogen is not changed by union with the sulphur. 
A. Cossa obs('rved that sulphur vapour biirntH in hydrogen gas. B. (^^ownwmdcr 
passed a mixture of sulplmr vapour and hydrogen over pumico-Htonc at 400®. 
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1 ). P. Kono\valoiV\ F. Jones^ A. Cos«a, R. F. Bacon, ami V. Merz and W. VV'eith 
obtained confinnatory results ; and M. (r. Wc[)er ohtaiiiod 10 per cent, better yields 
by using puniice-Btone as contact catalyst ; at 325 ', the mixed gas contained 4fr I per 
cent, of BoS ; at 400'', 58*0 per cent. ; and at 475'', 58*0 ])er cent. I. Taylor obtained 
impure hydrogen sulx^iiide by passing coal-gas over boihng suii)liur. The liydrogeiu 
not the hydrocarbons, of the coal-gas here reacts with the sulphur. F. Hantefeuiile 
heated hydrogen and sulx)hiir in a sealed tube at 440"'. On the other band, 
J. Myers said that hydrogen sulphide is rax)idly dcconix)osed at the b.i>. of 
sulphur. 

R. Jamiario said that the direct union of the two elements begins at 120 ^, and is 
quite perceptible at 200°. The reconciliation of these statements turns oil the fact, 
demonstrated by II. Pelabon, that the reaction is reversible, for the combination is 
not complete between 200° and 350°. M. Cluzel showed that liydrogen sulphide is 
decomposed into its elements when it is passed through a red-hot tube ; J. Myers 
said that tlie reaction begins at 400°, and H. Pelabon, that it is quite x)erceptible 
at 440°. N. Bekoto:® observed that at a red-heat about 7 per cent, of the gas is 
decomposed ; and C. Langer and V. Meyer said that decomposition is complete at 
about 1690°. H. P61abon found that if p denotes the xiartial press, of the hydrogen 
sulphide and F the total press, of the gas, the ratio p/P is 0*0210 at 200° ; 0*0541 at 
235° ; 0*13 at 255° ; 0*3355 at 280°-285° ; 0*69 at 310° ; and 0*972 at 350°. In the 
case of the gas at 280°~285°, the ratio after 38 hrs.’ heating was 0*098 ; after 162 hrs.', 
0*3356 ; and after 300 hrs.', 0*3354. At this temp., therefore, hydrogen sulphide 
will be formed in the system containing hydrogen, hydrogen sulphide, and sulphur 
vajiour, in contact with liquid sulphur, so long as the ratio is included between 0 and 
0*3355 ; but the reverse change with hydrogen sulphide does not occur, the ratio 
remains nearly unity when the tenap. is maintained at 280°. Hence, the mixture of 
hydrogen, hydrogen sulphide, and sulphur vapour, in contact with liquid sulphur, 
should have a ratio approaching unity if the system is to remain in a true state of 
equilibrium at this temp. ; lihe fact that the ratio does not exceed 0*3355 is taken by 
P. Buhem to mean that the equilibrium is only apparent or in a state of what he 
calls le faux equilibre. H. Pelabon showed that when sulphur and hydrogen are 
heated in sealed tubes, and afterwards cooled, the final composition of the gaseous 
mixture dep^ends on the mass of sulphur employed, and the proportion of hydrogen 
sulphide is higher the higher the proportion of sulphur. The composition of the 
gaseous mixture in the cooled tube corresponds the more nearly with that of the 
gaseous mixture. When the proportion of the sulphur is low, but yet in excess, 
combination takes place more quickly the higher the temp., and the maximum 
quantity of hydrogen sulphide that can be formed increases very regularly with the 
temp. With larger masses of sulphur, the quantity of hydrogen sulphide dissolved 
by the fused sulphur increases with the temp. When the hydrogen is mixed with 
nitrogen, the maximum quantity of hydrogen sulphide formed is less than with 
pure hydrogen for the same time of heating, hut, other conditions being the same, 
the difierence is smaller the higher the temp. M. Bodenstein could not confirm the 
experimental results on which P. Duhem''s theory of false equilibrium is based. He 
found the reaction to be quite normal between 234° and 356°, and the velocity 
constant, Jc, 

234* 283* 310* 356* 

Jc . . 0*0000018 0*0000320 0-000118 00028 

The reaction is of the first order, and is therefore represented by H 2 +S~H 2 S. 
When the cone, of the sulphur is varied, the velocity is proportional to the sq, root 
of the cone., a surprising result in view of the complexity of sulphur mols. It may, 
however, be explained by the assumption that three actions occur — (i) 83 ^ 482 , 
(ii) 82 ^ 28 , (iii) H 2 -+"S=H 2 Sj and that of these the velocity of (i) is ver\^ small, and 
of (ii) very great compared with (iii). The velocity of (iii) will then be proportional to 
the sq. root of the concentration of the 82 mols., and this, owing to the rapid removal 
of the latter, proportional to the cone, of the Sg mol . There is nothing improbable 
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ill JJuhciii's ks etats dc f(mx eqtiUihrc, l)u(. II. iNMaiK)u\M n‘^ail(.s wilh iiyrtrogon 
milphidc could not; Inw^otifinuod bj ll. U. VV, Norrifdi and E. K. llidraJ, for they 
ohsorvofi IK) wigri of ao(di a jstaio in their oha(‘rvatinnH on I In* v^x'vd nf f lu‘ reaction 
Between «iilphiir in a current of hydrogen, nasiimiul the bulbs in 

ILFdlalKuda ex|)in:imeui wuu'e. not luxated long ononp*;li for oqmlihriiiUK 

IL lb W. Norrlsh and E. K. Ri<h‘al foiunl thnX e<nnbiii;il inn bot,w«MUi livdrogcn 
and sul{diur oeiuirH bj way of two nuictions, a gjuseoim nuuclion |U'o|)orl ioiial to the 
|>F(\ss. of tlH‘ liydrogeiq and. a anrfac<^ reaction, itult'peadoat id ilu^ pnw. of the 
hydrcjgiuu Idle tenuf) coell, is l'48 for the Hurfjuuq luul iJdb fur flu* gaseous 
nuieliou. The reaetioa is directly proju^rtionn! fo tin* intornai surface of 

th(‘. vesH(d and irt isuh^penideiii of the (quantity of sulphur in tlu* bulb. Th(» heats 
of iud^vadiori of the gjiwMvus and surface nuudions are btS/hH) a.ud cals*, 

respect'ieoiy, tlu‘. former being exact. ly double the lat.tcr. It iu fuigg(*Mf-cd in explana- 
ti€)n cd' this that i'he. sulpluir niohuailen eaii Ih'CouU' aodivat.ed, iu tav't> nt-ages. Tlie 
critieuil iiic-reinent. -no. the (Uiorgy rujcossary for the ruptuire of tfie Mulpluir bonds*- 
is 51,460 cals, at dO(V^ for tdio gaseous, and ilfb^bO <*als, nl dOiV* for the surface 
reaetson, 'Fiie <»,riti<‘.al increment of the surface rtuudaon in taken to e-orrespotid 
with the l>reaking of one. sulphur bond, an<i h? In^ cN|ual to tlcit energy re<puredt(> 
Bubliine a nioleoulo of 8^ Ihc surface, which also iuvolvi's tlie breaking of one 
bond. The surface reaction is consi<lere.d to take, jdaee in twe> ntngea (!) ndsorption 
of the molecule, involving breaking of one. boinl, ami (2) isunovid of the uioleeulc of 
hydrogen sulphulc, involving breaking of th<^ smanid bond, die, i‘riti('a,I increment 
measured corresponding only to th<^ slower of t hese two pr<KU\MSeH, By asHmuinga 
HTual! periuHifcnge of th(.\ stable, and saturaUai niols. of wliieli the surhiee is mainly 
composed to be opfuied by the. rupture of ones linkage and ilnm poIanV.ed, the 
adsorption oC hydrogen and oxygen and the <*.atalytic action of I he latftt^r can be 
cxplaiimd. The. presence of oxjgmi acts m a c‘.atalyt.i(‘ agent-, s.nd an ilu^ temp, 
rkea t.o 265^b that gas nd.ards or poisons tlm r(nielJ<ui when more (Jum ID per oeni 
is present, and at 2Srf when more tduin 7 per <neit. is present The pheuornemm b 
complex. There is (i) a strong poisoning clleet in tiie gasoous n'uetion between 
hydrogen and sulplmr at all, and (ii) a c^alalyt/n: <*iTe4*,t on tin* nnrfne.e reaction 

which becomes observable only at low teiu[), (2(IV‘ arni tlHfi"), wlu‘re tlu^ surface 
reaction is of greater relative^ importance, 'Jliis surface eatalyiie. aelioii rises to a 
maximum wibli increase of oxygen cone, in the tiydrogeu and then falls oil, (Inally 
becoming a poisoning action for coiic. of oxygen beyond 10 per e.imt. At- the same 
time, sulphur dioxide is forme<l at a rate <lirectly pr<qmrtional to the eune«. ol tlio 
oxygen. The effects observed can be <pian(itativeiy explained by poHtulating a 
gradual preferential adsorption of oxyg<‘n by tdu’s sulidiur nuffac^tq all th«^ hydrogen 
being displaced when the gaseous cone, of oxygon hin (*xa(‘-edt‘d IP per c.mit,» and 
ascribing bo the oxygen a catalytic activity proportional in the luuuber <d iuoIh, 
adsorbed j)er sq. cm. of surface, IL A. Taylor an<l 0, h\ llekett/ studied the 
decomposition of hydrogen sulphide by luxated platinum illnnuuits near ICKXf, 
and found that the (lecomposiiioa curves have two braneties slmwing an increased 
dccompositiom as the rate of How is increaBi^<l, s<qmratud by a r<'ghm where the 
amount of decomposition is constant and independeni. of t4le rate 'of tlew. This 
branch decreases as the temp, rises, becoming a piunt of iidloxi<m at VMB'\ lliere 
is supposed to be (i) a primary absorption of gas with the. sulphur iitoum orimited 
with respect to the platinum ; (ii) a splitting of the adsorbed nmlcctub with the 
escape of hydrogen, and subsecpient evajmration of the sulphur, 

6. Pramer and W, Sehupp studied the reaction with hydrogen and sMl{),hux 
vapour at a tamp, where the molecules of sulphur are diatomic^ Tint ftillowing 
represent the equilibrium constants for pressures, iC, anti for volumtWi whore 
K.^KpIRT, and 

760® aso" 0-46** 1006® imr 

KpKl<^* . 0*80 3'S 24*0 IIB 200 

Kt:KW . 1*00 4-2 24*5 107*5 220 



SULPHUR iJO 

M. Randall and P. R. von Bicliowsky worked at temp. be.twc(‘U 7r)0''' and 1394 ; 
the collected results are : 

750" 800' 0i5' 10G5“ llOJ* 1200' 1)C4‘ 1094'’ 

2-025 1-710 1-305 0 9G1 0-793 0-G13 0-490 0-257 

Observations were also made by G. Premier, and J. Brockmoller. R. F. Bacon 
noted tliat tlie combination is favoured by pressure. F. Pollitzer gave for the 
reaction IL where the bracketed symbols refer to 

partial press. ; he found that log /v.= — 5000/4 -STIT— 1-1. S. Dushman studied 
this reaction. D. AlexejeiT gave for the j)ercentage degree of dissociation, a;==-5*5 
a-t J023" K. ; 8*7 at 1103" K. ; 15*6 at 1218" K. ; 24-7 at 1338" K , and 30-7 

at 1405" K. ; and A. Geitz studied the reaction in the liigln 

tension arc ilame. According to J. Milbauer, the rate of formation of hydrogen 
sulphide ffom hydrogen and molten sulphur is not affected by the presence of a 
sulphide of silver, gold, mercury, thallium, arsenic, molybdenum, or by metallic 
mercury or palladium, but was increased by platinum black, or red p)hosphorus. 
The acceleration in the latter case is possibly due to the occurrence of the following 
reactions : P2^5”|~8Il2=2PH3 +51128, and 2PH3+4S2™P2S5-fdH2y* The rate of 
formation of hydrogen sulphide by the action of hydrogen on sulphiu alone increases 
continuously with rise of temp., but in presence of red phosphorus the maximum 
rate is attained at 218", after which it diminishes up to 278". The rate of formation 

11) the case of sulphur and hydrogen alone is greater when the sulphur has been 

heated almost to boiling and then cooled to 278", which indicates that the trans- 
formation 83^=^482 takes place more slowly than 82^28. T. J. Hrakeley observed 
that hydrogen sulphide is formed when hydrogen is passed over heated pyrites. 
H. Buff and A. W. Hofmann observed that an electrically heated spiral of platinum 
or iron wire decomposes hydrogen sulphide, forming in the latter case ferrous 
sulphide. On the one hand, G. Ghevrier observed that sulphur vapour and hydrogen 
unite under the stimulus of electric sparks ; A. Boillot obtained hydrogen sulphide 
by passing sparks between platinum wires covered with suli^hur in hydrogen ; 
while W. R. Grove made analogous observations. On the other hand, H. Davy, 
B. Lepsius, and H. Buff and A. W. Hofmann observed that hydrogen sulphide is 
decomposed by the passage of electric sparks through the gas. M. Bijrthelot also 
represented the reaction with the silent discharge: 8H2S=7H2+H2S2i+(8™!^0S- 
R. Schwarz and P. W. Schenk observed an activation of sulphur vapour under 
the influence of the silent discharge ; and R. Schwmz and W. Kunzer observed 
that with the silent discharge (8000 volts), the j)ercentage proportion of hydrogen 
sulphide decomposed was 

20® 270’ 390'’ 430“ 

Decomposition . . 27*17 2*30 1*14 2*30 per cent. 

showing that the amount decomposed decreases with rise of temp., but as the temp, 
approaches the b.p. of sulphur, there is a back reaction. The re-formation of 
hydrogen sulphide is attributed to the activation of sulphur vapour by the dis- 
charge. C. Montemartini observed the synthesis of hydrogen sulphide from its 
elements in the corona discharge. 

Hydrogen sulphide is produced when nascent hydrogen acts on sulphur. Thus, 
E. Beoquerel obtained it at the cathode during the electrolysis of water with the 
electrodes in contact with sulphur — sulphuric acid was formed at the anode. 
P. Fischer obtained the gas by the electrolysis of soln. of sulphides. A, Cossa also 
obtained it by the electrolysis of water with finely-divided sulphur in suspension ; 
8, Cloez, by the action of hydrochloric acid on zinc, aluminium, or iron when sulphur 
is suspended in the acid— the best yield was obtained with aluminium ; the worst, 
with zinc ; and E. Trautman used in a similar manner tin or stannous chloride and 
hydrochloric acid, or zinc and acetic acid as the source of hydrogen, and he found 
the yield was greater in the presence of a solvent for sulphur — acetic acid or 
alcohol, The yield with acetic acid was better than with alcohol. A. Bach found 
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thuti ly“inohi<Ml plaiinuni sulsorlxMl sulphur <‘(Hupuuti<[. aiul rvulvi^u 

hy(lrog(Mi sulphide -vvIh'U lirahul in Ii\M{rn»eu ; lU'runlin.p* lo r\j)(‘riuHUd;il «M>n- 
<liihHis, iJiis ])owrr Is men* or h'ss rapidly Passipip' n{ Ihu hydru|^eu 

(>V(‘r ]K>\vd(‘n‘(l Hulphur do(‘s nol- iju^rense iiie annnnif* oi hviiropun :4ilphidi' pro- 
(liu’ful from Ihc fu^sli TiK'tuI, uihI {1o(‘s nol. o.;uis(' lonunUoii of hulrotyn :;u]phido 
after ih<^ luotal luis l)(‘(’Oj»i(‘. ‘'ai'aMl.'’ Trealuuuit, of lhi‘ "tiiiM'' met.al with 
i^rditmry laboratory air nsstoros its ahilh-y to /^ive IjydrtnpMi riulphide whon healed 
in hydrogen ; uiKhn* similar eonditiouH, no trju'e of hydrogen :uilphiih' is pnxlueed 
aiter tr(‘aiin<Mii. wiidi carefully piirilied a.ir. Hie plumoruenon oi reoltn/’’ ' depinuin, 

I lieradonu on ilio adsorption of sulphur compomnlH from I he air. ibllaiiiiun sponge 
behaves similarly to platinum. 

Hul])hur va.|)onr lias an absorption band in Ihe nil ru' violet, ut 17i»() A., and 
U. (b W. ISroiTisli found that, nftra- violet, radiation of \vn,Vi' lengt-h.a of ahout 27tH) A. 
is photocliinuicially active in initialing a. gaseous reaebon hotwi'en hydnigen and 
sul])hur vapour^ proportional t-o the. jin'ss, of Ihe sulphur vapour. In the gaseouB 
Htat(^ nuietioius hetwaunii hydrogen and sulphur e.aui laki' plaet' only Indween sidplnit 
a.tonis, “wlmdi an^ pr<)duce<i hoi.h hy colIisionM a.)id hy photoehemiiMl dissoeiatiorn 
In achlit.ion, a reaid.iou at th(‘. surface i.aki's phuo* Ind.vveen hydrogen and mdivaie.d 
SH"ntole<uil(\s, and is not atleehul hy ultra-viidtd. radiation, the anlivat.lon lining 
entirely caused liy collisions. In all cases, vvlnd.ln^r the mdivntion taloni plane in 
ihe gaseous state or at; the surfaced hy .radiation or h v (^idlisioin t he, ^nungy of activa- 
tion is ooiiBtaiit, indicating that, in activation hy c-oHisions, tlie Newlonian laws of: 
inelastic impact do not ajiply, hut tdiat tln^ process oIh‘V.s the laws of (|uaid.uin 
dynamics, the same amount of energy being extraeted from Ihe. eollidlng imdecnles, 
wljati(?,vcr the force of tliiur iinfiact, provhling this (‘xceeds a certain inagnitudo. 
In these rcaclions, activation of the Hulplmr molecule, wind her H*. or b 
Hyaonymous with tins disruption of ouo valetmy homld’ 

Tho formation of hydrogen sulphide hy tln^ action of water or stiuun on Hulphut 
lias already been discussed in connection with ehnnental Bulfduir. it A. Hurgliardt 
obtained liy<lrogen suljdudc hy heating wai.m wit.h iron pyrit<‘s in a siuibHl tube, 
P.Hauicfeuillc obtaiiunl hydroge.n Hulphidc hy tlmmdhm of Hulplnir on ga-stsutH or a 
coac- aq[, solii. of hydrogen iodide. Tho rea<d/ioniH ri'versihle, in the e,ohl, for the 
hydrogen stilphxde also nmets with i-hc solin of imline in liyflri<?die. aehl, forming 
sulpluir. 'F- Folliteer found for the mjuilihrium cmistant K of the reaction 11^9 
+2I«oiuiv’^i^ldhb9H(nial where the bracki'iml symbolH ndm* to partial 

press. ; Jf X at 40* T ; 4 *50 at ; ami 47d) at Ht)-7h Tk 

heat of the reaction is 17*2 Oals. F. Pollitiscr also examined the ctjuilibiiuni com 
ditions of the reaction in aq, s<dn. 

M. J. Pordos and A, Odlis^ ohtaiincd hydrogen sulphidi* hy boiling sulphur with 
an aq, sola, of an alkali sulphide ; mid A. (3imr<!„ by boiling a solm of Hodlnm 
siilpMde, or a soln, of sodium pyrophosphate and sulphur, 1>, Urquharl (ddalnocl 
hydrogen aiilphtde by this action of superheattul Htemrn on Imrlnm or Htmuthnn 
snlplnde, J. Bohm said that the lower Hulphules of ilm alkalies and alkaline earths 
give hydrogen sulphide when boiled with wah^r ; while pyrites, galena^ and ;«ine-, 
blende require a te^ip. of 160^-200'^. F, MciBsin^r obHorv<Hl that thift gm is formed 
in roasting metal sulphides in the presence of suparhoated steam, Wab^r dcoom- 
poses sulphide of phosphorus ox boron (q.v*) with the avohiticm of }iy<ircigcn sulphide. 
P, do Clermont^ and J. .Frommel observod that some hydrogmi sulphide is formed 
when arsenic trisulphide is boiled with water, but with Mmnm dlanlphida^ <mly a 
little hydrogen sulphide appears at the beginning~t;iffifc iirs<mic trisnlphidc ; and 
for the^ preparation of hydrogen sulphide by the action of couo. hydrochloric acid 
on antimony trisulphide, mde antimony trisiriphidc. Under ordinary laboratory 
conditions, hydrogen sulphide is prepared by the action of acids on tho metal 
sulphides. C, W. Scheeio recommended ferrous sulphide and sulphuric acid, and 
this method is in common use to-day, Hundreds of different forms of apparatus^— 
typified by the familiar Kipp— have been devised k which the mU acts ou tlia 
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siiipliide contained in a veysel, so arranged that when the exit tube of the apparatus 
is closed by a, stopcock, the pressure of the gas drives the acid from the sulphide, 
and gas is no longer generated. When the stopcock is opened, the pressure of the 
gas is roleastid, and the acid returns to the sulj^hide to generate more gas as required 
— ^-,< 7 . Fig. 9, 2 . 18, 6 . Tlte apparatus can also be arranged so that the acid is added 
as required, rid a tap, from the top of a tower containing tlie sulphide the exhausted 
acid drains aw^ay at tlie bottom. The same source of hydrogen sulphide was 
recommended by C, 0. Tourte, J. L. Gay Lnssac, and numerous others. S. Kita- 
shima said that if free sulphur is present it is converted into hydrogen sulphide if 
a large quantity of iron is present in the sulphide. G. Dragendorff recommended 
artificial ferrous sulphide prepared with jjairified materials in order to obtain 
hydrogen sulphide of a high degree of purity. E. W. Parnell and J. Simpson 
treated ammonium sulphide with carbon dioxide or ammonium hydro carbonate ; 
and H. N. Draper passed the ammonium sulphide vapours — a by-product in the 
ammonia-soda process — into dil. sulphuric acid. R. Finkener, an<I W. Hampc 
used arsenic-free sulphuric acid and sodium sulphide ; C. F. Mohr treated barium 
sulphide and hydrochloric acid — F. W. Martino recommended a barium sulpho- 
carbide made by fusing barium sulphate and carbon in the electric furnace. R. Otto, 
and J, Habcrmann recommended using calcium sulphide and hydrochloric acid. 
C, R, Fresenius employed a mixture of calcium sulphide and sulphate moulded into 
cubes for use in Kipp’s apparatus. G. Bong, B. Kosmann, and F. R. L. Wilson 
treated the alkaline earth sulphide with carbon dioxide. H. von Miller and C. Opl, 
and J. R. Michler treated a soln. of calcium hydrosulphide with steam ; B. Divers 
and T. Shimidzu, F. Gerhard, and G. Sisson, heated a soln. of magnesium 
hydrosulphide ; and J. Habermann gently warmed a mixture of magnesium 
chloride and calcium sulphide mixed with a little water: MgCl 2 +CaS“f 2 H 20 
==:Mg(OH) 2 -f-CaCl 2 +H 2 S- Hager, and H. Howard treated zinc sulphide with 
hydrochloric acid. H. Howard devised a process for producing hydrogen sulphide 
from complex zinc sulphide ores and sulphuric acid. P. Casamajor, W. P. Jorissen, 
and W. Skey found that hydrogen sulphide is formed when a mixture of galena 
(lead sulphide), iron pyrites, ox bismuth sulphide is treated with zinc and dil. hydro- 
chloric acid, but these sulphides are not attacked in the absence of the zinc ; and 
F. Stolba, by treating the lead sulphide with a soln. of hydrochloric acid and sodium 
chloride. H. Fonzes-Diacon recommended using water and aluminium sulphide 
as a source of the gas. H. Wiederhold obtained hydrogen sulphide by decomposing 
sulphides or hydrosulphides by humic acid or substances containing humic acid — 
e.g. peat. 

Hydrogon sulphide was obtained from the sulphide in the manufacture of soda-ash. 
H. Grouven, for instance, passed steam jover the sulphide residue at a high temp. This 
subject was investigated by L. Mond, G. Lunge, M. Schafiner and W, Helbig, C. Stahl- 
schmidt, G. Guckelberger, T. K-owan, J. Mactear, F. B. Rawes, J. W. Kynaaton, 
W, Weldon, C. Dpi, E. W. Parnell and J. Simpson, C. Kraushaar, G. Aarland, A. R. Pechiney, 
etc. 


Hydrogen sulphide is also formed by reducing the oxy-acids with sulphur — 
e.g, by the action of hydrogen on some metals on dil. sulphurous or sulphuric acid. 
Thus, S. Rosenhlum obtained it by the action of iron on a soln, of calcium sulphate 
in carbonic acid ; and A, Hartmann, by passing a mixture of steam and sulphur 
dioxide through red-hot coke. H. Highton reported that hydrogen sulphide was 
formed as from the carbon in a cell charged with dil. Bulpburic acid and having zinc 
for the positive plate and carbon packed in granulated carbon for the negative. 
There is a possibility that the hydrogen sulphide was due to the contamination of 
the carbon with iron sulphide, or, according to W. Skey, of adsorbed hydrogen 
sulphide. 

A number of carbon compounds furnish hydrogen sulphide when treated with 
water or steam— carbon -disulphide, 6 . 39, 4:2 ; thiocyanic acid or potassium 
thiocyanate, as observed by F, Sestini and A. Funaro, and J. T, Oonroy and co- 
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workt'ns ; ii)<*rra|>ian and akaihol with s<Hliiiin sni|dii(k\ a;, ohanvrd hy IJ 

inalun<il(' and ^uilphur, iiH IVtuid i>v A. Miflnu*! ; .hhI IhmIum*; nu!lv\ a,K 
raporitnl L. Kchrainnr, ami F. lU-z. W. prainirfd huIrnaYii Milphida 

ky h<'a.taiiy^' a, inixi.urn of oiivi‘ oil a,n<l Mtiipliur; H, IkMiiiirln Milphur and mu't ; 
JJkilUdJay, W A* Ikniwaxai a.iid ra workan;, J. Mrirhar. W, JohtiAfota\ 

A. Ik lyidoil, ;uh 1 IL WnylM ami A, S<(‘waii., aidfdiur ami paralliii A. Ifmiivood 
gave A(> partH Hul|duu\ ki [Kiris of {Kirallio oil Inniing oIhivo IU^’ nod .HI |m,ri.s 
aHlHKSi.oH libiv ; K, Bijukdiedk'r aanl kk VV, liugelry. fiydrot'orhun tuf ami Mjljduir ; 

Ik <5hani|don a, ml IL FidlitL A. ‘ftiard n.ml II Midsaan, ami Ik Morhalb, mdpluir 
and Bugjir ; A, Ik Vournamis, loKiiing a lui^i-uro of atid aodunu ionnaie 

t<s 4(K)'k liko.wis(‘. also u mixtiire of {uuliiun fuiipliiio ;tml Lo'maio . and IL Lrotiuom, 
Hulpliuraml vastdim*. T. d. l)rnk(‘I(‘y ohs(‘rvr<i tin* fonmilnm *»! liydroy^oi niilpljido 
by paasing sulphur dioxide over hoaii'd coal; by hoaliny, ni!\tur<*s (d <‘<K'd and 
sulphur; and l>y healing ndxlainKSof (nsai and iron pyrilei*. bk \\ . Sporr'^’ «‘\trai'{,ed 
hydrogtni vsulphid(^ from t he gas n*suH.ing from dm (‘nodou*; ol potf olmun 

liydrogoii Hul{dndn is kuumMl <luriug lh(‘ piil rolarl ion of iup.anir in.aPtU' <‘on ' 
iaitiing sulphur by the ag<nK\v of I)JU‘ieri;n llonro, ila i>rournnir<* in ifio o.asos of 
iho alinxentary ira(‘.t rd/n sn/m/. Tlu^ luu’loria Ciun’ormai in llm ivdtn dtui of 
albuuuiuiU‘8, (U (u, fio hydrogen snl[diidt' wcn‘ d(*norihrd by Ik >1 h|Uo 1. d. Tlionuunp 
T. Hasaki and L Olsuka, M. IbuiHtnann, Ik N, Hohudmwiiilodlk -d. i)rhrjv<‘ and 
Mk la^grain, ddu'- fomuitiijn of sul[>luu'orof hydroj‘*ou radpludo Ipv I ho rodtttdion 
of Hulphahos wiUi orgaukio tn, ai.ior has launi known for a long limm Tims, 
K, Wk fk Kaslmu* showiul that if a Holn. of <*al(’inni or nodmin mdphalo mixed 
mill a litilo sugar, gutn, glye.errhi/iu, and allowed (o sfam! in a <do?u'd \"e:Kud for a. 
couple of yearn, iliero'. is formed hydrogen sulphide, rH,rhon dioMd«\ jtnd neefie 
aci(l ; straw alno devehjpH hy<lrog4‘n sul})lu<ie when in «‘onl;iu‘t \u(h nunoral waiem 
if air liasacoeHS, but not if iiir ho <‘X(‘lmh'(l. A. Vogel nofed a mnuLtr phenoiummii 
wiili hoechwood. Many mineral walors were found fiy K, W. bk Kimlnor, 
<L Bisohok .L W. Ddluu'eiimn* iommtuiu HuHieieDl. cjrysnue nmiier lo decompose 
tlio sulphatcxs in soln. 0. ilenry obstu’vod a .':iini!nr remdl wilh t In* mdplmle water 
irnm .Pussy, and from the nt^ighhoiirlnnul of Ikiris. At I In* same iniie, ferrous 
j^ulplxido, and Hlinty llaken of an azotii^ed organic Huindamce w'erc produced, d’he 
Ixydrogen Hul{)hido in aulplnir Hpriugs is derived fnun the deetunpo.uf ion ot alkalim* 
sulphahos 'by organic matte; moist (day coiiladuing gypsum and orgmue matter 
like.wisi^ furruHli<\H hydrogen sulplihhx According l.o J, hk IbudelL dm wat<‘mo{’ tin* 
rivers in hot (dimates," say tiu* w<\st coast' of Africa, may be hi|dd\' charged with 
organic mad ter, this mixing wiifi sea«nvai<‘r eoutaiuing sidplmte;., may I’lve rise to 
Ixydrogiui Hulphide HonudjnuxH at a distainee of 27 miles from the rmuilh <d‘ ihc 
rivers. The* water has Ikhoi reported to c«uitain i\ cuhie inches of gas |s*r gallon. 
0. Jk Mulder attributed the reduction of snlphales t.o Ida* bydrf>cariHms formed by 
the dtumni posing organic matter; H. .1. Ikdm and A. iVlfuiHsem fo hydrogetMii 
statu msemdi ; and li Blanchu(f,to tlu^ growth <d algno A. BlanI mid B. Olivier, 
and IL Cblui attributed the action to algm nr baelmda. Tliin subjetd, wm 
cliBoiiBsml by A. van Deklen, A. BitKi, N. tlosling, IL lIop|ie'H(yler, 
J. ¥. Livem(iege, E. IL Salted, 8. Winogradsky, t‘icx I'he .spifitlNiH f/cAoJ/erevnov 
of IV, M. Bcijcrinek reduces Hulpluitiss to hydrogen sulpliide ludv .sHpM, 
sulphur hacteria. E, Pollacci, L. Ulivu^r, and J. Btihm olnuwved Itmt tins 
gas is fonnod when sulphur is in the vicinity of <*erlain growing plants ; 
and M. E. ro^sisLEscot observ(M that it is productsl by ilm act ion of ihc 
hydroxygenases—^.^. phi)otluan™oii sulphur. Tin* humuditm (»f hydnigtm sul- 
phide during alcoholic fermentation by yeast has been discusuetl l>y J. ite Bey^ 
Pailhade, K,. Crouzel, M. IL Pom-Bseot, IL Sediamkr, JL Will and mi workem, 
H, Waudexschcck, L. Sostegni and A, Sannino, d. E. Aladous axid H. Hibaut. 

H.v The hydrogou sulphide derived from ferrous sulphide and di!. sulphuric acid 
eotttains phosphine, arsine, etcA*^ When the gas is rei|’iiirt^d of a (dgk dt^gree* of 
purity, it is hest made from purified matoria.ls™$ay hy heating to nboiit a 
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mixture of calcium sulpMdc with a sat. soln. of maguesium chloride, and drying 
tlie gas over phosphorus pentoxide. The rate of the reaction is regulated by 
raising or lowering the temp, of the flask. W. Lenz recomraended removing 
arsine by washing the gas with hydrochloric acid in a train of four wash-bottles — 
but JI. Hager, and R. Otto did not consider the purification satisfactory. O. von 
der Pfordten removed arsine by passing the gas over potassium trisulphide 
at 300^-350^: 2 AsHg -h SKgSs = 2K3ASS3 + SH^S ; and 0. G. Jacobsen, and 
Z. II. Slcraup passed the gas over solid iodine which fixed the arsine as arsenic 
triiodido, and the iodine vapour was removed by washing the gas with water. 
O. van der Pfordten removed oxygen by washing it with chromous chloride. 
A. Gautier purified the gas from arsine by washing the gas with water, passing it 
through a short tower containing moistened pumice-stone, then along a tube con- 
taining small fragments of glass maintained at a low red-heat, then through a 
serpentine wash-bottle containing barium sulphide soln., and finally through 
cotton-wooL H. Moissan first solidified the gas, then exhausted the containing 
vessel by means of a mercury pump, and then allowed the gas to regain the ordinary 
temp.— 2, 18, 8. E. Cardoso discussed the purification of the gas. 

The physical properties of hydrogen snlphide. — This compound at ordinary 
temp, is a colourless gas with the oflensive odour characteristic of rotten eggs. It 
has been condensed to a liquid, and frozen to a solid. The vapour density of the 
gas, air unity, when calculated from the equation : H2(2 vols.)+Sgas(l voL) 
=1128(2 vols.), is 1-1769. T. Thomson 12 observed 1*1791 ; J. L. Gay Lussac and 
L. J. Th4nard, 1-1912 ; L. J. Thenard, 1*236 ; H. Davy, 1-267 ; L. Bleekrode, 
1-191 at 18*5° ; and A. Leduc, 1-1895 ± 0*0004. G. Baume and F. L. Perrot found 
that a litre of gas, at 0° and 760 mm., weighs 1-5392 grms. ; and F. Exner calculated 
1*5223 grms. The literature was reviewed by M. S. Blanchard and 8. F. Picker- 
ing. M, Faraday gave 0-9 for the specific gravity of the liquid ; L. Bleekrode, 
0-91 at 18-5° ; R. de Forcrand and H. Fonzes-Diacon, 0*86 at the b.p. ; and 
D, McIntosh and B. D. Steele, 0-964 at the b.p. The results of B. D. Steele and 
co-workers are indicated below ; so that the sp. gr. D at T® K. are represented by 
the formula D=0-964{1 4-0-00169(60-3— T) The molecular volume at the b.p., 
given by B. D. Steele and co-workers, is 35*2. G. M. Maverick found for the com- 
pressib^ty of hydrogen sulphide for _p=746-872, 370*877, and 248*987, respectively 
t?=166*646, 337*310, and 502-269, and 124463 -5, 125100-6, and 125307-6. 

Hence, 1 4- A = (ptJ)o/(H76o == 124440-9/125730-4 = 1-01036. P. A. Guye and 
L. Friedrich gave for the constants of J. D. van der Waals’ equation — 1. 13, 4 — 
a=0-00887 and 5=0-00191 when referred to the initial vol. of the gas ; a=4-4 X 10®, 
and 5=42*5 when referred to gram-molecules ; and a=3780, and 5=0-870 when 
referred to grams. M. Faraday said that the solid has a greater sp, gr. than the 
liquid. R. de Forcrand and H. Fonzes-Diacon calculated 39-53 for the molecular 
volume in the liquid state. This subject was also examined by E. Rabinowitsch, 
who gave 35-4 for the constant ; and also by R. Lorenz and W. Herz. Analyses 
by J. J. Berzelius, J. L. Gay Lussac and L. J. Thenard, and L. J. Thenard agree 
with the formula H2S, and this is in harmony with the vap. density. F. Exner 
calculated for the molecular diameter, 22 x 10"”^ cm. ; and 60 X 10“^ cm. for the mean 
free path ; and T. Graham, 37-5 X 10“"'^ cm. ‘ T. Graham gave 469 X 10^ sq. cms. for 
the total sectional area of all the molecules in a c.c. of gas, at 0° and 760 mm. ; and 
41,190 cms. per second for the molecular velocity. A. O. Rankine and 0. J. Smith 
calculated 0-773 Xl0“i® cm. for the collision area. T. Graham’s experiments, 
calculated by 0. E. Meyer and A. von Obermayer, gave for the viscosity of the gas, 
at 0°, *>^=0-0001154 at 0° and 0-0001300 at 20° ; O. E. Meyer, 0-000137 when air is 
0*000200 ; O. E. Meyer and F. Springmiihl gave 0-000130 (air 0-000212) between 
10° and 20° ; and A. 0. Rankine and C. J. Smith, 0-0001175 at 0°, and 0-0001610 at 
100°. D. McIntosh and B. D. Steele gave for the viscosity, 7], of the liquid : 

-«82o — 79-7® *“74*8® —71-8® —63*2® 

71 . . 0'647 0*628 0-610 0*488 0*470 0*454 
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and fur Idio. inmp, cut'!!, of llio. viscOHiiv, L-IO. d. Vj. la^vvis ni<‘asur<al tin* viwcn.siiy 
of hydro^^tni .suiphidn iti chl()r()fori*tt. i>. I). aanl (‘«)‘U’ork<'r.s ohfainad iha 

following' riaHullH for ilu‘. ap. gr. of thr liquid, D; iln^ v a, pour <I(nisi1v, I)„; tJa* 
surface tension:, <I dyiU'S pin* (Ou. ; and llii' mol. surface eiietRX oiMrl ngs : 
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e*()0(nir> 
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04)0122 

0-00175 
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33*41 ^S 
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314)20 
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338*n 
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There was no e.videina'. of moltn'iilat associatiou <)l)s<‘rv<Ml during did.cnanina * 

iiourt- Jh Tuinanuislii siudmd the (dTe<d. of hy<ln>‘j;<’n 8uI|)ludo on the surhua^ 
texisioa of water. F. SfdiUHier (‘ahudntel 2545 a, Ian. for I Ih‘ internal pressure of 
tho Htpiid. A. Masson gave for the velocity of sound in the ga.s 2S1P5 nndreH i)er 
HOC. at 0 N, <le Kolossovvsky studied tlu' radataon h{davo(Mi Dio V('lo(’ily ol sound 
jiud the translation vedooity of tho. luoDcnh'S. F. J. von Wi.snitnvslv y, and 
H. lieniy discussed tlic stnudjurt'. of l\ydrog<ui snlphid<o, 11. U(ui,sio<’k, and F. Hmul, 
the electronic structure ; and A. 0. UankiiKy and F. J. von Wisniewsky, iJu'giuu'ral 
struetur<‘ of the inoleexdes of tlie faanily of Jiydrid<‘H. A. Ilag(ndm.eh oaJoadated ilu^ 
coe.fT. of diffiusionof hydrogiui sulplutie. in axp S(dn. to he 1 stp <‘.niH. por day at 
15-r)'"\ and F. Kxnor gave 1-53 at Khk The ,siibj<M‘t was studiisl, hy (h Tanunami 
and y. , lesson. A. Eucken gave O-OhO-lf) oa.l. |H'r onn {xo' sUMamd [H*r d<‘gree (or the 
themal conductivity of hydrogen sulfdiidc at 0 ”, 

M. Croull(4)ois gave for tlie specific heat of i lu) ga.s, nfi eonstaad. press. d)‘2 FJh ; 
aud for tho ratio of th(‘. two sp. lits,, A* l^D’dh'r ga,v(* D!2751) hel.vvoetx 

auid 4()TF, and betwec'n 259 tnni. aiui 7(>7*4, innu ; d. \V. <'a,ps(i(’k gavi* I "dll), or 
8*2:37, and Cy-CrHO; R. Thihnut, nt 20", !-:32at .1 atnu press., and hd-l at 
one atin, press, corresponding r<‘sp(a‘ti vady with ( H* 1 7‘J aiu 1 UK), and ( te 1 dd 

and 6*036. A. Afassords roHuIts ftirninli I -313 for the. ratio of the two sp. hl-s,, aaid 
(73,r«8*728, and (Jy (>. 45 ; 11, Y. ‘Ki^gtiault, y 14326,, 

R. W. Millar’s results agree withy 1-608, Cp' H-831, ati<l 0*7130, ({, N. lawis 
and M. Bandall gave C?/, -v8«Bl-4)-0OI9d | (H) 5222 tl«. 

M. Faraday liqmdied the gaw by (uudosing Hulphhh* (yf iron and e.tnie. hydro- 
chloric acid in one leg of a s<ud(ul V-tuh<s whenilie oiln^r leg is cooled hy a freezing 
mixture. J. If. Niemann suhl that the {(‘rrous Hulphido rnuHt havi*. ntj fri'e iron or 
else the hydrogtni Iil)(‘rate<l will Imrsti tho tnhe. iuHiend of ferrous Hulphido and 
acid, G- Kc4nj>, J. von Liobig, and H. Bunsioi used hydrogen persulphixle, ; and 
H. tf. F. Medsens, charcoal sat. with the gas. M. Famday nho oldained tln^ liquid 
by passing the gas through a tuho <*o(d(ul hy a mixiurt^, of solid oarbou dioxide ami 
ether ; and when this fnu'zing niixtun* is evaporated in vaeno, tln^ (dear, eolourloHs, 
mobile liquid ircHiises to a snow'-- whites niass of <*.ryHtalH, M‘. Faraday fomul iTat the 
gas liquefh'cl at tho following txnup. atid presH. : 

—70'" iMW (c tr ao*" nar 

Bross. . 1*69 2*86 6*30 14*60 30*26 ji6’95 35*60 HH*7 atim 

The four last data arc by C. Oischewsky. 0. Maass wid I). Mofnttwh gave lor the 

vapaur pressure, p : 

-IXO'D*" -99*7^ -OO-a"* -ST'T® — B0*9'" -72'0 —64*7** -58'^ 

P . 18 43 01 112 188 31*3 673 732 822 tmtu 

H. V, Regaault xepreseutcsd the vap. proBs. by log *2038661, ---0^7960525a^ 

where log a-»«l-'98969f 1 ; 05 Antoine, by log p -•0*72l7r>fh6282 -1000/(^4 238)}. 
E. Cardoao represented his results : 

0 ^ 10 ® 20'" 60'" 80^ lorr' ioo*r 

p • 10*20 13^34 17*24 27*80 42-22 61*38 8H*32 884*2 atm. 

by formula of the type atun ; for temp, between if and 50'^ he gave 

log j}«3*OO86O4O*O119ai>0-.O*OOOO2663^^ and between 50® and 1004®, leg p 
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::i-5382O~hO-OO88786(0~-5O)»»O'OOOO144:29(«--5O)2. The two parabolas join per- 
fectly at 50°. From these formulae, ^?^/^^^=p(0*027481— 0-0001237i6), and 
r^^//0--^;{O-O2O444--™O4)OOO66449(0-~5O^^ P. D. Steele and L. S. Bagster studied 
the vap. press, of tlie binarj systems : H 2 S~HBr, and HoS-HI. U. Antony and 
Gr. Magri said that the liquid vaporizes slowly without boiling. M. Faraday gave 
—73° for the boiling point at 7f)0 mm. ; H. V. Regnanlt, — 61*8° at 755 mm. ; 
C. Olsoliewsky, —63*5° ; A. Ladcnburg and C. Kriigel, — 60-4° at 755*2 mm. ; 
R. de Forcrand and H. Fonzes-Diacon, — 61-6° at 760 mm. ; D. McIntosh and 
B. I). Steele^ —60*1°; 0. Maass and D. McIntosh, — 59*8° ; IR. de Forcrand and 
H. Fonzes-Diacon, —61° at 773 mm. ; and E. Cardoso and E. Arni, —60*2° at 
760 mm. N. do Kolossowsky gave 0*63 to 0*72 for the ebnlliscopic constant of the 
liquid. M. Faraday gave —85° for the f.p. ; E. Cardoso and E. Arni, —83° ; and 

O. Maass and D. McIntosh, —83*6°, and B. D. Steele and co-workers, —82*9° for 
the melting point. R. de Forcrand and H. Fonzes-Diacon gave —86° for the ni.p. 
E. Cardoso gave 100*4° for the critical temperature; and A. A. Schnerr, 100*43°, 
while J. Dewar, and P. A. Gnye gave 100*2° for the critical temp., and 92*0 atm. 
for the critical pressure; C. Olschewsky gave respectively 100° and 88*7 atm. ; 
A. Leduc and P. Sacerdote, 100° and 90 atm. ; F. E. C. Scheffer, 99*6° and 88*3 atm. 
and E. Cardoso and E. Arni, 100*40° and 89*05 atm. D. A. Goldhammcr gave 
0*00490, and F. Schuster, 0*00413 for the critical volume. S. F. Pickering gave 
for tlie best representative values Tc=373*5° K. ; and Pc=S9 atm. B. de Forcrand 
and H. Fonzes-Diacon found the latent heat of vaporization to l)e 4230 cals., and 
20*01 for Trouton’s number. O. Maass and D. McIntosh gave 19*3xl0io ergs or 
4585*8 Cals, per mol., or 134*6 Cals, per gram for the latent heat of vaporization, 
while P. H. Elliot and D. McIntosh gave 19*6xl0i<J ergs; and A. A. Schnerr, 
449*8 Cals, per mol., or 131*98 Cals, per gram at --61*37°. F. Paneth and 
E. Eabinovitsoh discussed some relations between the physical properties of the 
family of hydrides. 

J. Thomsen gave for the heat of formation (H2,Si,oua)”H2Sgas+4*510 Cals. ; 

P. Hautefeuille, 4*82 Cals. ; and M. Berthelot, for (H2,Sgas)=7-2 Cals. The 
subject was studied by R. de Forcrand. J. Thomsen gave 136*71 Cals, for the 
heat of combustion at constant press. R. de Forcrand and H. Fonzes-Diacon gave 
16*34 Cals, for the heat of formation of the solid hydrate. J. Thomsen gave 4*76 
Cals, per mol. for the heat of absorption ; and 4*75 Cals, for the heat of solution 
of a mol. in 900 vols. of water. For the heat of formation of the hydrate, vide infra. 
J. Thomsen, P, A. Favre and J. T. Silbermann, and M. Berthelot measured the 
thermal value of the reaction between hydrogen sulphide and the metal oxides ; 
J. Thomsen, and P. Sabatier, the heat of formation of the metal sulphides ; and 
J. Thomsen, the heat of the decomposition of the metal nitrates by hydrogen 
sulphide. K. Jellinek and A. Deubel calculated the chemical constant^ — 0*79, 
of hydrogen sulphide. 

J. B. Biot and D. F. J. Arago gave 1*000636 for the index of refraction of th(‘ 
gas, and P. L. Dulong gave 1*000641 for white light ; L. Bleekrode, and M. Croulle- 
bois gave 1*000639 for Na-light, and E. Mascart^ 1*000619. C. and M. Cuthbertsoii. 
gave 1*0006509 for light of wave-length A— 846*]/xju ; 1*0006440 for A=646*l/x^6 ; 
1-0006412 for A— 579‘0jajL6 ; and 1*0006362 for A=656*3/x/a. C. and M. Cuthbertsoii 
found that the rcfractivity of hydrogen sulphide is about 6 per cent, less than is 
required by the addition law. The number of dispersion electrons in hydrogen 
sulphide is not equal to the sum of those in the component atoms. M. Faraday, 
and J. H. Niemann observed that the refractory power of liquid hydrogen sulphide 
is greater than that of water. J, Dechant gave 1-374 for the refractive index 
of the liquid for Na-light ; and L. Bleekrode, 1*380 at 12*5°, and 1*384 at 18*5° 
for Na-light, and 1*390 at 18*5° for sunlight. The sp. refraction with the ju-formula 
is 0*429, and with the fc^-formula, 0*262. The subject was studied by T. H. Have- 
lock. C. V. Raman and N. S. Krishnan gave 0*26 xlO”"^^ for Kerr’s constant at 
one atm. i>ves8., 20"^, and the D-line. K. R. Ramanathan and N. G, Srinivasan 
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invc.Ml i<rai<Mi iln* optic, a.! aniHoi^ropy (»f Hiilp}a<i<‘. A. Kiuidf. and 

W.CA tJia electroBiaRiietic rbtatioii <^1' tii<‘ p!aa(M>f polarized 

K. Ii„ lisimaiiiha n and N. <d. Hriniva.Ha,n rouiul that i>lie depolarizai ion of H|dit in n 
dimdii)n pnrpiaidkudar to l-lio, inci<l<ad. hnain in liydro.m'ii ,siilpIn<lo in I Ik' narnn an 
in hydrogen rhloride, and ammonia (r/.r.). J, Pic(*.ar<l and hi. Hionnia <rmcniHH(Mt 
tJie, oobiir of Hul|)lti(l(' ions. W* IL Ha.ird'^’ atid H. DoHlandrass nl.ndiod tln^ Spectrum 
of Innlrogeii Hu}})lu<l(n U. IK Liv<dng ajid d’, Dowa.r, \\\ A. Alillor, l\ Ihuuud, 
lu CiiiHdiomwky/ an<l W. II. Hair inv<sstiga(,rd tln^ ultxa-violefc spectrum; ami 
A. If. Ilollofrtoiu S. (I Oarnvit, d. Tyndall, and W. W. Tohloiifz Mio ultra-red 
speotinim. Tin*, maxima in ilio abnorption ba-nds <KU*ur n,t 4 ’24/t, 7-12/1, 7*7Hp, 

Ddib/t, l()d)8/^, and 10-95//,. J. W. Kllin <liHmiHH(Mi the Mpert ra. of (ann- 

potindH with H-'ll’ Unkagon. 11. Wright found that while iln^ Htrony aeidn mve ihe 
game ai)HorptioTi HjKHitrtun an tiudr aodium Halts, the r<‘Anu*ge is tlu' ease, witli weak 
acids like aq, goln. of liydrogon giil|)bidc\s. It is gupf>og<Ml tbab Mn^ non ionized 
inob‘.<m!e - capaltle of ionization-- in in a state of gtnuMs and is tnoro. a,hsor{div(* than 
a similar free ion, or than a moleenle incapable of icHuV.atiom 

A. S. Eve found that tlu^ ionization prodiictal in tlie gas hy X-rays is t)*9 (air 
unity), and by Uie y-rays of nuliuni, 1,-23, Aeian'ditig to j<k Wonrt/.el, when 
hydrogen sulphide is expostal to radium rays, th(»i ratio of (ho, nraount of hyslrtjgen 
forinod to the anumnt of radiation degiroyed, diininighog with t.lie time of exposure 
owing to dinutiution in progs, cauged hy <Ieeom|K)siti(m of the hydr(»gen sulpluiho 
The (-.nhmlated amount of hydrogen fortuexl, iumrespomliug with tlu' tiot al <Iest*ruetion 
of the emanation and the (‘.onipleto. us<‘ of its radhitiotp is <-ongla.nt. Vidoeity 

of (l<ax)mpoBiti(>n (liminislies wiili the tennp. Tli<‘ nmnher (d nu>le(ml(-H of hydrtygeu 
suljdiide dec<)in]K>Hod hy the radiation from tln^ <'inauatIoii exisssls 3*3 tfinies tiui 
number of ioius producMMi in air nnehu’ the game eonditi<nig. rehd-ive n;mountg 

of water and hydrogen sulphide deeomposed hy a given amourd. of nuliaiion arti 
as 1:4*7, expressed as inols. E. Wourtzel also gtudied tlu^ decomposition of the 
gaH, hy ex])OHure to the a-rays of ra<liunL R. A, Mortoti and 

E. W. ’Biding gave 11*3 for the ionrsmg potential ; and il A. IVhudcay, HH voltH, 
L. B. Loch and L. du Samit studied tlsi mohtlities of ihe gawe<unH ions; and 
X H. Bartlett, ionization hy slow ele{*,tr()nie. impacts. 

The effect of th<,^ electrical discharge on the gas has already bmui discuHsed, 
J, J, Thonison^^ found the electrical conductivity of thi^ gas to he very gniall, 

■ A, do llemptinne said that the Ikimc of htirning hydrogen sulphide isagood tdeetrical 
condiictDr. U, Antony and (L Magri, and Jj, Bhg‘,krodci inad(‘ a similar nnnark 
about the coudixcti vity of the dry B. 1), Shade and eo workers gave 

0*1x10*™^ ohmforthc sp, coiiduotivity ol tdic Ikjuid whcni that of the purest water 
is O'OdXlO'^^ ohm. The aq, sola, of hydrogen sulphide is very little^ ionized: 
HsjS^H’+HS', and this is reduced in this presenee (d th(^ girongcr aeidn. This, 
said W, Ostwald, is connected with tin? solvent action of arids on ceri-ain 8ulphi<hiH;, 
and the low solubility of the metal sulphides in wat<ir, The gu IphidvH c>f ti n ivalent 

metals are also ionized : and also HH/d-OIF. 


II.— EBXA.’rrvM CoNOBWTOAtrroNS oir rxen Ions xn AQonorrs BonirriUH otr 

tCKK 


Soto. 

S'" 

HS' ! 

i 

H,8 

ir 

OE^ 

Mol . . 

0-09 

0-91 

I 1*3x10-’ 

1*3x10““ 

O-Ol 

Mol miis 

36 >^10-‘ 

1-0 

3-0 X 10"-® 

3-3 X 10-“ 

3-«Xl0~* 

Mol (NH 4 )aS . 

3X10"-^ 

1-0 

1^x10-® 

0-5 X 10*^® 

I'7xl0-“ 

Mol 3!srH4(as) . 

i-exiO""’ 

0-93 

0-07 

0-7x10-"® 

1-7 XIO”* 

Bat. Hjj8 in water 
Sat. HaS in 

l-2xl0"“xs 

0-9^ X 10”“* 

0-1 

0-95x10-® 

1'3X10““ 

‘ iV.OH.COOH . 

0-6 xlO'*"^* 

2-0x10-® 

‘ 0-1 

4 X 10"*» 

3X10“** 

Sat.HaSmAr-H01 


0-91x10-® 

0-1 

1 

1-2X10~“ 
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AccordiBg to J. Knox, the proportion of H2S, and of S''-, HS'-, H'-, and HO'-ions 
in aq. soln. of tlie sulphides is indicated in Table II. K. Jcllinek and J. Czerwinsky 
measured tlio cone, of the ions in the hydrolysis equilibrium of sodium sulphide, 
and found tliat 


NaS NaS' 

0*1 iV- . o*ooo:j 0-002 

1- OCLV- . 0-053 0-00 

2- 85N- . ihlZl 0-47 


Nik' 

S* 

oir 

SH' 

0-08 

0-006 

0-035 

0*033 

0-66 

0-076 

0-226 

0-195 

1-26 

0-259 

0*131 

0*138 


IX‘ XaOK NaSH 

30x10“-'® 0-004 0-0055 

48x10“^® 0-084 0-115 

3x10-^® 0-133 0-125 


With OlN-milS, NaSH, 0-085 ; S", 3-2 x 3 O76 H-, 6*3 X 10“ii and OH', 8-0 X 10“-^. 
The degree of liydrolysis of sodium sulphide is : 


iV . . 0-1 0-21 0-53 1-06 1-59 2-12 2-85 

liydrolyfaiK 0-805 0*754 0-655 0-586 0-535 0-500 0-460 


The percentage hydrolysis of O-liV-lSraSH is 0*15 per cent, at O'", 0*08 per cent, at 
10'^. The tew]). coeE. and the heats of hydrolysis are small ; and the heat of 
ionization of HS' is large — about 13,000 cals. For the ionization constant of aq. 
soln. of hydrogen sulphide : H2S^H'HS', at 18°, M. de Hlasko, and F. Aucrbacli 
gave 0-91 X lO”''^, which is between the value 0*574 X 10“~'^, at 18°, given by J. Walker 
and W. (Jormack, and the 1-2 xlO”"^ given by T. Paul. K. Jeliinek and J, Czer- 
winsky gave 1 X 1 0™"^, at 0°. J. Knox calculated the second ionization, constant to 
ho 1-2x10'”^^ at 25°; M, Anmeras, 0*37xl0“i5 to 0*59x10-1-5 at 25°; and 
K. Jeliinek and J. Czerwinsky gave 2xl0~i^ at 0°; and for the ionic mobility 
they gave 42-5 at 0°, 56-5 at 18°, and 64 at 25° for HS'-ions at infinite dilution. 
M. Kandall and C. F, Eailey studied the activity coefficient of hydrogen sulphide. 
R. E, Hughes found that thoroughly dried hydrogen sulphide gas has no action 
on litmus ; hut the gas reddens tincture of litmus, although the red colour dis- 
appears on exposure to air. F. J. Malaguti said that tincture of litmus, saturated 
with hydrogen sulphide under press., is decolorized. G, Bellucci attributed the 
decolorization of soln. of litmus, indigo, etc., to the formation of colourless com- 
j)ounds with the sulphur of hydrogen sulphide. 6. K. Guam and J. A. Wilkinson 
measured the conductivities of various substances dissolved in liquid hydrogen 
sulphide. 

The sp. conductivities in mhos X 10^ wore for: hydrogen chloride (8-813), chlorine 
(1-787), bromine (1-614), iodine (136-000), iodine trichloride (13-420), mercuric bromide 
(51-6), mercuric iodide (99-9), mercuric elilorid© (0-31), zinc chloride (6-34), silicon tetra- 
chloride (1-29), ferric chloride (20*99), sulphur monoclilorid© (10-340), phosphorus tri- 
chloride (0-4254), phosphorus tribromide (0-5269), arsenic trichloride (11-510), antimony 
trichloride (4244-000), stannic chloride (1-680), tliiocarhanilide (9-610), acetic acid — 0-1 
mol. — ^(nil), acetic acid — ~0-l mol., room temp. — (0-634), acetic anhydride (41*260), thioacetic 
acid (2-960), aeotyl chloride (18-800), and acetoamide (1*680). The following did not form 
conducting soln. : potassium, strontium, barium, cadmium, chromic (green and violet), 
manganous, and cobalt chlorides, potassium and ammonium hydrosulphides, bismuth 
trichloride, carbon disulphide, n-butyl sulphide, n-butyl mercaptan, thiophenol, jp-thiooresol, 
t-hionaphthol, chloroform, bromoform, iodoform, trichloroacetic acid, benzoic acid, dinitro- 
bonzene, stearic acid, and palmitic acid. 

J. F. Daniell, and W. Beetz compared the electromotive force of elements with 
carbon or platinum, or palladium sat. with hydrogen sulphide in dil. sulphuric 
acid as the anode, and the simple element as cathode. For PdngS | H2SO4 | Pd2, 
J. F. Daniell found 0*41 volt ; and for Ch 2S | H2SO4 [ C, 0*29 volt. W, Beetz made 
observations on this subject. K. Isgarischew and E. Koldaewa discussed tbe 
poisoning of the H-elcctrode by hydrogen sulphide, arsenic trioxide, etc. 
D. F. Smith and J. E. Mayer found for the redtiction potential and decrease of free 
energy for S+2H‘=H2S at 25° respectively -—0*141 volt, and —6400 cals. ; for 
S02H”6H‘=“H2S“t“2H20, respectively —0*360 volt, and —49,840 cals. ; and for 
S04''+30H'— H2Sd“4H20, respectively —0*304 volt, and — 56,190 cals. According 
to J. Gamier, in the electrolysis of molten sulphides, out of contact with air, with 
a carbon anode, the sulphur reacts with the carbon, forming carbon disulphide. 
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H. S. Blackmore made some observations on this subject. According to M. Merle, 
and A, Scheiirer-Kestner, when a s'oln. of sodium sulphide is elccia-olyzed, the 
sulphide is oxidized to sulphate ; and F. W. Durkee said that thiosulphate is formed 
as an intermediate stage of the oxidation^ but A. Scheuier-Kestner did not accept 
this result, E. F. Smith also studied the oxidation of the sulphides by electrolysis. 
W. Skey found that if the sulphides of silver, gold, mercury, lead, and platinum 
be employed as anodes they are reduced to the metal with the evolution of hydrogen 
sulphide, ziccording to I, Bernfeld, in the electrolysis with electrodes of metallic 
sulphides, the following changes occur. (1) In acid soln. : at the anode, the metal 
is dissolved and the sulphur precipitated or oxidized ; at the cathode, hydrogen 
sulphide is formed with separation of the metal ; (2) in alkaline soln. : at the anode, 
the metal forms a hydroxide and the sulphur is oxidized ; at the cathode, the metal 
is precipitated and the sulphur passes into soln. as an ion. According to .F. Hund, 
the distance apart of unlike ions for the HS'-ion is 1-5 X 10""® cm., and for H 2 S, 
l*5xl0~® cm. ; the distance apart of like ions is for the hLS, 1-6x10“"® cm., and 
for the energy of complete separation of one hydrogen nucleus from the HS'-ion is 
430 Cals., and for H 2 S, 310 Cals, W. T. Skilling found a soln. of potassium chloride 
in liq[iiid hydrogen sulphide to he non-conducting. B. D. Steele and co-workers found 
that although hydrogen chloride and bromide readily dissolve in liquid liydrogcn 
sulphide, the soln. are non-conducting. They also measured the conductivity of 
soln. of triethylammonium chloride, tetramethylammonium chloride, nicotine, and 
of .piperidine in liquid hydrogen sulphide. They also measured the raising of the 
b.p. by toluene, and triethylammonium chloride as solutes — the molecular raising 
of the b.p. is 620. 

L. B. Loeb and A. M. Cravath found that the mobility of the positive ion 
in hydrogen sulphide is 0*61 cm. per sec. per volt per cm., and of the negative 
ion, 0*55 cm. per sec. per volt per cm. P. Evexsheim found the dielectric 
constant of liquid hydrogen sulphide to be for A==oo , 5*93 at 10*^ *, 4*92 at 50*^ ; 
3*76 at 90° ; and 2*7 at the critical temp. H. J.-von Braunmiihl gave 0*69 X 10”"-^ 
for the dielectric constant, and for the electric moment, 1*101 X lO’^i® ; C. T. Zahn 
and J. B- Miles gave (e— l)tJr=0*001223r+0‘732 for the dielectric constant of 
the purified gas when v is the sp, vok, and T, the absolute temp. ; and 0*931 X lO'^^® 
for the electric moment. K. Honda and K. Otsuka found the sparking voltage of 
56 to be necessary with tubular electrodes, 10 cms. apart, using a 50-cycle alternating 
currenL 

The chemical properties o! hydrogen sulphide. — ^Dry hydrogen sulphide is 
decomposed by exposure to light : The reaction is endothermal, 

and the wave-length of the active radiation is 2300 A, to 1800 A. The reaction was 
discussed by V. Henri, D. Berthelot and H. Gaudechon, A. Smits and 
A. H, W. Aten, H. Tramm, and R. H. Gerke. E. Bohm and K. F. Bonhofier 
found that active hydrogen is de-activated by hydrogen sulphide, and -qtiantities 
over one per cent, repress the Balmer spectrum of hydrogen. M. Scanavy-Grigorieva 
found that when hydrogen is passed over platinum, palladium, capper, and glazed 
porcelain, at 600® to 700® hydrogen sulphide is formed, presumably owing to tin* 
presence of sulphur adsorbed from the atmosphere. Hence, many proofs of tin*, 
activation of hydrogen after its passage over glowing metals by showing that it» 
forms hydrogen sulphur, are invalidated. A. G. White studied the limits for th<*. 
propagation of flame in mixtures of hydrogen and hydrogen sulphide. According 
.to H. Da\ 7 ', hydrogen sulphide burns in air or oxygen under conditions similar to 
those for hydrogen. It is ignited by charcoal or iron at a low red-heat, xlccording 
to J . Dalton, hydrogen sulphide burns in air with a blue flame, forming water and 
sulphur dioxide and depositing sulphur. A. Smithells and H. Ingle analyzed the 
flame into two cones, and found that most of the sulphur escapes from the flrst 
cone without undergoing combustion. When mixed with oxygen, hydrogen sulphide 
explodes on ignition. One vol. of hydrogen sulphide exploded with half a vol. of 
forms water and sulphur ; and with 1*5 vols. of oxygen, it forms water 
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and siilplmr dioxide. A. Pcdler represented ilic reaction with sidfLCicnt air or oxygen : 
2H2S -|“30o 2SO2; itnd with a defici(‘iieyof oxygen: 2H2S -hOs— 2H2O-I-28. 

This preferential eonil)UHti<)n of the hy(lrog(ui at the ex})cus(; of the sulphur was 
applied by 0. F. (Jlaus to tie* r(‘<‘o\ery ol sulphur from the by-products of the 
black-ash process of making soda ; and, according to J. Habermaun, is the jjiimary 
cause of the occiirreuco of sulphur in volcanic districts. G. W. Jones and co-workers 
discussed the explosibility of mixtures of hydrogen sulphide and air ; and 
D. S. Clxamberlin and D. B. Clarke, the sjieed of the flame of the burning gas. B. Piria 
found that if a stream of hydrogen sulphide be sent through an inverted flask with 
the bottom removed, so that a mixture of air and hydrogen sulphide is formed, 
the mixture is inflamed by contact with red-hot coal, etc., and burns, forming a 
thick cloud of ‘water, sulphur dioxide, and sulphur resembling the fumes ejected 
from the fumaroles of Agnano (Naples). According to P. Preyer and V. Meyer, 
the ignition temp, of a mixture of hydrogen sulphide with three times its vol. of 
oxygen streamiiig into air is 315°~320'^ ; and when heated in a closed vessel to 
250°-270°, an explosion occurs. J, W. Dobereiner found that spongy platinum 
does not ignite a mixture of oxygen and hydrogen sulphide, hut it does so if hydrogen 
be also present, and A. de la Bive and P. Marcct showed that palladiumized or 
platinized paper-ash must bo heated to 100® before it will become red-hot in a stream 
of hydrogen sulphide. It may then set the gas on fire. T. Graham found that a 
ball of platinized clay causes the slow oxidation of hydrogen sulphide admixed 
with oxygen ; water is formed, and sulphur is deposited on the platinized clay. 
If a mixture of equal vols. of hydrogen, oxygen, and hydrogen sulphide be similarly 
treated, only the hydrogen of the hydrogen sulphide is oxidized during the first 
24 : hrs. ; only afterwards does the free hydrogen unite with the oxygen. According 
to E. Caistanjen the gas is ignited by thallium trioxide ; and, according to 

B. Bottger, by manganese, lead, or silver peroxide, or by chlorates or chromates ; 
barium dioxide ; or by silver, copper, or nickel oxide, and many silver and mercury 
salts only inflame the gas when heated. P. Bayer and Co. used porous silicic acid 
as catalyst for the reaction between oxygen and hydrogen sulphide. According 
to J. B. A. Dumas, sulphuric acid is formed when hydrogen sulphide is slowly 
oxidized in air. The presence of moisture is necessary for the oxidation. 

C, J. St. C. Deville observed that a noixture of hydrogen sulphide, steam and air, 
corresponding with many fumarole gases, when allowed to act for some months 
on broken fragments of rocks, forms sulphates of the alkalies and alkaline earths. 
According to J. B. A. Dumas, the formation of sulphuric acid by the oxidation of 
moist hydrogen sulphide can be observed at the baths of Aix (Savoy), for the lime- 
stone walls are soon covered with crystals of gypsum ; and iron hooks, with green 
crystals of ferrous sulphate — ^yet the gas is itself JEree from sulphuric acid. Similarly, 
the fxunarole gases of Tuscany, free from sulphuric acid, convert the lime of soil 
into gypsum. The waters of the Bio de Pasambio (South America) were found by 
A. von Humboldt and J. B. J. D. Boussingault to contain sulphuric acid derived 
from the oxidation of the hydrogen sulphide from the adjacent volcano of Purace. 
U. Bresciani found that in steam at 120® hydrogen sulphide is incompletely oxidized 
to^ sulphuric acid by a large excess of ozonized oxygen. B. Nitzschmann and 
E. Vogel discussed the oxidation of hydrogen sulphide to sulphurous acid. 

An aq. soln. of hydrogen sulphide was found by L. N. Vauquelin to be slowly 
oxidized by exposure to air, forming water and milk of sulphur, as well/ as some 
sulphuric acid. C. Herzog said that some ammonium sulphate was formed in a 
closed flask containing air, and an aq. soln. of hydrogen sulphide, but this has not 
been verified. E. Eilhol said that no sulphuric acid is formed at all, but if sufficient 
alkali-lye be present to form sodium bydrosulphide, the oxidation occurs more 
slowly, forming sulphur, and alkali polys-^phide and sulphate. J. Baab said that 
light favours the action; and M. Salazar and H. Newmann, that the aq. soln. 
decomposes more slowly in darkness than in light. C. F. Mohr preserved the soln. 
by covering it with a layer of petroleum to keep away the oxygen ; and P. H. Lej)age, 
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J. Eaab, Al. Salazar and H, Ncwmann, and A. J. Shilton Huid Dial. I.Ik^ aq. *solu. 
can be kept for a longer time without. dccoinpoHition it glyoetol be abo present, 

D. Lindo said that the soln. in glycerol is no nion^ stabl(‘ l iiau tiu' soln. in water. 

A, J. Shilton reported that th(‘. ])res<nice of sugar or salieylic ju'id acts a^s a pre- 
serYative. According to P. do Cleriuoni and If. Giiiot, tiry oxN'gen dtxxs not act 
on the metal sulphides at ordinary temp., but uuuiy f)l ilnuii an', tra/uslormed hy 
moist air or oxygon into sulphates — c.//. ferrous sulphide,. It pnatipitatcd 
sulphides of manganese, iron, or nickel be strongly conipn'ssed, and (‘X]K)sed to 
moist air, they become heated owing to rapid oxidation ; the sulplu<k\s of enpper, 
zinc, and cobalt are oxidized more slowly, and no evolution of heat can ho tUdected. 
H. A. JRrebs observed that the rate of oxidjition of a<(. soln, of hydrogen sulphide 
or of alkali sulphides is greatl 7 accelerated ]>y the presema^ of a. ininuh' pro])ortion 
of a heavy metal sulphide. For aq. soln, of Jiydrogon suli)hide, nickel Ku]])hi(lc is 
the most active catalyst; for solu. of the gas in iV-fiCl, a, inixiiir<‘ of manganese 
mid iron sulphides is the most active. The so-called iinioxidation of solu. of sul- 
pliidesis attributed to the presence of traces of heavy metal sul]) hides. F. O. Smith 
and co-workers found that ultrasonic radiations on an acp solu. of hydrogen sulphide 
form colloidal sulphur. 

According to A. Resgrez and co-workers, free hydrogen sul ()lu(l<' iiuiy Ixi removed 
from soln. by bubbling through them an inert gas like hydrogen or nitrogen. The 
free gas is removed from simple aq. soln. very quickly ; with soln. 1 o which ,'.ntiicieiit 
sodium hydroxide has been added to produce the bydrosulphide, Du' gas is cwolved 
more slowly as the result of the hydrolysis: Nall S -I- HA) i 

with sodium sulphide in soln. the decomposition proceisls at, a. still slower rate, 
the j&rst stage of the reaction is : Na 2 S+H 20 — NaOllH-'NallS. The rate of 
evolution of the gas is modified by the presence of certain salts. Sodium hydro- 
carbonate accelerates the removal of the gas ; and potassium monophosphate, still 
more so ; whilst sodium borate, has a smaller infiiience. Using bulhn soln. of 
borate and phosphate, the rate of removal of hydrogen siilphiih^ was found to 
depend on the pn: value, i.e. on the acidity of the liquid. Acidic soln. are u nstablc ; 
alkaline soln.,, stable. There is a rapid transition at pn— 8 or 9. The mean pn 
value of urine is 6*5, and this is taken to explain the absence of hydrogtm sulphide 
from urine after considerable quantities of sulphuretted waters have l>een drunk. 
If an aq. soln. of hydrogen sulphide be heated in a sealed tube, at 200'^ C. Geitiier 
found that a Hue liquid is produced on which float globules of sulphur. The 
liquid is decolorized on cooling, and it then becomes turbid owing to tin* 8e])aration 
of sulphur. The liquid contains some sulphuric acid. According to A. Gautier, 
on passing a current of hydrogen sulphide, saturated with water vapour at 100®, 
through a red-hot tube provided with a condenser, sulphurous acid, sulphuric acid 
in small quantity, and colloidal and precipitated sulphur collect in the latter, and 
hydrogen is also evolved. 

C. F. Schonbein, and W. Helhig said that ozone oxidizes the gas or the aq. 
soln. of hydrogen sulphide to sulphur and water. A. Mailfert also observed that 
ozone converts the sulphides of the alkalies, alkaline earths, copper, zinc, cadmium, 
and antimony into siiphates ; cobalt and nickel sulphides, first into sulpliates, 
and then into sulphuric acid and peroxide ; gold sulphide, into gold and sulphuric 
acid; silver, bismuth, and platinum sulphides into sulphuric acid; manganese, 
lead, and palladium sulphides into sulphuric acid and peroxide ; while mercuric 
sulphide is but slowly attacked. H. C. J aeobsen discussed the oxidation of hydrogen 
sulphide to sulphuric acid hy bacteria — vide snjpra. 

Early observations on the solubility of hydrogen sulphide in water were made 
by ly. Henry, 21 who found that one voL of water absorbs 1*08 vols. of gas at 10"^ ; 
N. T. de Saussuie, 2-5S vok. at 15"®; J. L. Gay Lussac and L. J. Thenard, 3 vols. 
at IF; T. Thomson, 3*66 vols. at ordinary temp. ; and J. Dalton, 2-5 vols. at 
ordinary temp. R. de Porcrand and p. Villaxd gave 4 vols. at O'® and ordinary 
press., and 100 vols, at 0^ and 820 mm, press,, while F. Pollitzer found that a litre 



of water dissolves 0*](K)4iuoI H 2 S at 25° and 760 nmi. L. (Jarius found that one 
vol. of water at 0° absorbs iS vols of hydrogen sulphide reduced to 760 mni. 
press. : 

0 ^ 5 ^ 10" 15" iiO" 25® 150® 35® 40® 

aV . 4-3706 3-9652 3-5858 3-2326 2-9053 2-6091 2-3290 2-0799 1-S5GU 

It. Bunsen and E. Sclxonfeld represented the results by the formula /S=~4*d706 
— 0-083687d+0-00052l3<9‘-i; and F Henricli, >S =-4-4015 ~-0*891 170 +O*OOO6195402_ 
vide mfra. L. W. Winkler represented the coeffi. of absorption — i.e. the vol. of 
gas reduced to 0° and 760 mm. which is absorbed by one vol. of liquid when the 
press, of the gas itself, without the partial press, of the solvent, is 760 mm. — at 0° 
by 4*6210 ; at 20°, by 2-554 ; at 40°, by 1*642 ; and at 60°, by 1*176. G. Eauser 
gave 4*686 at 0°, and 2*672 at 20°. P. K. Pryt.z and H. Holst gave 4*6796 at 0° ; 
and F. Henrich, 4*4015 at 0°, and at 

2“ 0*8® 14 8® 19® 23® 27-8'" 35-G® 43*3^ 

S . 4-2373 3-5446 3-2651 2-9050 2-7415 2-3735 1-9972 1-7142 

E. P. Perman measured the rate of escape of hydrogen sulphide from its aq. soln. ; 
and W. H. McLaiichlan showed that the gas is less soluble in a soln. of sodium or 
calcium chloride than in water. They also found that the solubility of hydrogen 
sulphide in water follows Henry’s law — 1 . 10, 4 — that the solubility in salt soln. 
is lowered in the following way : 

The vol. of bj^drogen sulphido absorbed by one vol. of aq. soln. at 25° is 2-61 
foriV-NB^Br; 2-40, for A^-NH4C1 ; 2-58. for JV-NH4NO3 ; 2-14, for 0-5A' -(NH4) : 2-37, 

for 0-25iV-(NH4)aSO4 ; 2-47, for TV-KBr ; 2-22, for N-KCl ; 2-38, for jV-KNO^ ; 2 04, tor 
O-Siy-KaSOa; 2-32, for 0-25iV.K.SO4 ; 2-56, for A^KI ; 2-44, for A7.A[aBr ; 2-21, for 
A^-NaCl; 2-42, for 0 5A^.NaCl ; 2-32, for A'-NaNO., ,- 1-90, for 0-5A"-Na2SO4 ; and 2-32, 
for 0-26iV-Ara28O4. L. Dedo and T. Becker found that neutral soln. of the following salts 
dissolved the following number of grams of hydrogen sulphide per 100 c.c. of fiolii. ; 



0 

1 

2 

4 

CaCla . . . 

0-392 

0-350 

0-313. 

0-270 

AraC104 . . . 

0-392 

0-340 

0-293 

0-220 

N'a2S04 . 

0-392 

0-348 

0-306 

0-257 


P. L, Crobaugh found that the gas is soluble in an aq. soln. of ammonium cadmium cblorido. 
According to H, Goldschmidt and H. Larsen, a litre of O-OSA-NaSH dissolves 0*082 and 
0*064 mol of hydrogen sulphide respectively at 35° and 45°; a litre of O-lA’-NaSH dis- 
solves 0-132, 0-104, and 0-082 mol of hydrogen sulphide respectively at 15°, 25°, and 35° ; 
and a litre of 0-2iV-]SraSH at 15° and 25° dissolves respectively 0*129 and 0-1035 mol of 
hydrogen sulphide. 

According to E. Wohler, when moist hydrogen persulphide is enclosed in a 
sealed tube, it decomposes into sulphur and hydrogen sulphide along with a few 
transparent, colourless crystals, which, on opening the tube, immediately liquefy 
and volatilise. They are supposed to be hydrated hydrogen sulphide. Again, if 
hydrogen sulphide he passed through alcohol mixed with enough water so that the 
mixture does not freeze at — 18°, octahedral crystals are produced resembling ice. 
The crystals quickly disappear, with brisk efiervescence, when removed from the 
freezing mixture ; if enclosed in a sealed tube, they disappear at ordinary temp, 
but reappear when the tube is cooled down to — 18°. R. de Eorcrand obtained 
a hydrate of hydrogen sulphide by compressing hydrogen sulphide in contact with 
water. There is a difEculty in determining the proportion of water in the hydrate ; 
in 1882, E. de Forcrand estimated indirectly that the hydrate was H^S-lbHaO ; 
in 1883, he gave H 2 S.I 2 H 0 O ; in 1888, E. de Forcrand and P. Villard gave H 0 S. 7 H 2 O; 
in 1911, F. E. C. Scheffer, H 2 S. 5 H 2 O ; and in 1925, G. Quam, H^S.eHsO. 
P, Villard argued by analogy with other gas hydrates that the formula should'be 
H 28 . 6 H 2 O ; he found that the liquid crystallized when seeded with the hydrate 
I 172 O. 6 H 2 O, and this makes the formula H 28 . 6 H 2 O probable. R. de Forcrand, in 
1902, found that, as a rule, when the 3-phase line of a dissociating compound which 
splits up into a solid and a gas reaches a vap. press, of one atm., the quotient of 
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the heat of t^an8fo^matiol^ and the absolute ivm\K a.i)j»rexiiiud.(\s 30. T\n^ nilv 
conloims with the formula HoS.GlLO for this liydrate, l)ut fails with SOo.HILO. 
I. E. G. Scheft'cr and G. Meijer also showed that the assintiption that i\u\ com- 
pound is hexahydrated hydrogen sulphide, IfoK.GILO, hmt (^.xplains heliiiviour 
of the E^rcLrate uuder varying conditions of temp, and pivss. 

The soln. of hydrogen sulphide and water se[)arahNs into two hiviavs, (sxpn^Hsitig 
the coiiiiDositionin mols of liydrogen sulphide per 100 luols of vva,t(‘r. hi. (h HclnhlVr 
found 


0“ 

6° 

IT 2f>‘' 29-5“ 

29-1'’ 20-9“ 22 0 ’ 


5-H ’ 

0*4 

0*5 

0-8 1-2 1-6 

06-3 97-3 l)H-2 

99-1 

99-5 



—Layer rich in IlgS 

Ln LnyiU' rich in H,.0 



The 2-phase lines OB (solid and vapour), BL (rupud a.n(l vapour), a.iul BO 
(solid and liquid^ Eig. 35, represent the ordinary equilibrium diagruiii of th(‘, bexa- 
hydrate; the line BO refers to the system containing tli<^ hydrat<‘, H<fui(b2, and 
vapour. The 3-phase line FO, Eig. 35, rejncaenls the, soli<l iiy(lrati\ solid WiiUvr, 
and the vapour of ice and hydrogen sulphide : Ifi>S.^)Ho(l^^olni^ *'dlh().u 4 i,i | hi : 

d . . — 25-85° —19*75° -15-8° — H*H5‘‘ - - -PUfd* ^ 2*4'’ 

p . . 22-35 30*2 36-2 43*3 51*5 58-0 (55-5 


The equation of the line FC is log |dr7393. The 3“pha8e lim^ (U) 

represents the solid hydrate, liquid water, and vapour : .1 hjjH.O fr^( '"-hi f^Oiiijuid 
-f-H 2 Sgas; refers to the hydrate, liquid-1, and vapour ; 6V/, to iJuusolhl hydrate, 
ice, and liquid-2; DJ, to the solid hydrate, and the two licjuids ; and DK, to the 
two liquids and vapour. The quadruple point G, at and 700 turn. pr(\Ms., has 
solid hydrate, ice, liquid-2, and vapour in equilibrium ; n,nd tlu‘- <|mulruplo point 
D, at 29*5® and 22*1 atm., has the solid hydrate, tlie two liquhis, ami vapour in 
equilibrium.. The thermal value of the reaction is di^SpiaH 

-j-6H20aQii(i — b'-SSO Cals, and of Oals* 

R, de Eorcrand and H, Fonzes-Diacon gave for tlui luNit of forniai.ioii of the solid 
hydrate : (E2Sgas,^H20iiquid)= 1^*34 Cals. R. de Forcraud un<l, Ih Villard said 
that the temp, of formation of the crystals of the hydrate.*, at dilToreui pritHS.^ p mnn, 
are *. 
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0® 

731 
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1250 
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5396 
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12,160 


L. P. Cailletet and L. Bordet also measured the temp, of formation at dilTcuxmt 
press., and found at 1*0°, 2 atm. ; at 14°, 5*4 atm. ; and at 25®, 16 atm. ; and they 

gave 29° for the critical temp, of existtmetq wliihi 
E. de Forcrand gave 30^. 

According to B. J. Th6nard;-5^ hydrogen sub 
phide, or its aq. soln., is decomposed by h^rdrogea 
dioxide, forming sulphur and water, and, added 
A. Classen and 0. Bauer, the reaction II^O^+HaS 
=S-f 2 H 20 does not take place in the presence of , 
ammonia^ or potassium hydroxide, for then sub 
phuric acid is produced. According to 0. JSimghdJa 
and S. Horsch, when hydrogen sulphide is passed 
over soAum dioxide, a very vigorous action occiirs 
QK t:.* either in the presence or the absence of air, and 

i3 previously wamicd, tho actioa is 
perature and Pressure on by a dame and the containing vessel 

Hydrated Hydrogen Sulphide. glass or porcelain is attacked. Tho products of 
+T.^ 1 , 4 , actioa vary according to the conditions. Tho 

sulpkde always goes to fonn water, which in its turn 

Lditm snl-rvlii'rlp y^ogeo dioxide. the absence of air the snlphnr forms 
sodinm sulphide and polysnlphides, together with a small amount of tHosulphate 
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and sul])liatej and if tlie current of kydrogen sulphide is rapid there is a deposition 
of a small amount of free sulphur. In the presence of air scarcely any sulphide 
is formed, but sodium sulphate and free sulphur are obtained. If the containing 
vessel is attacked owing to a very vigorous action, then the solid products have 
a blue tinge, due to the iron in the glass or porcelain. M. V. Swamy and 

V. Simhauhelam found that with 98-6 per cent, lead dioxide, hydrogen sulphide, 
diluted with 5 vols. of air, does not react below 2*5 atm. press., but the dark brown 
colour becomes light red ; with 87*7 per cent, lead dioxide there is a reaction 
with hydrogen sulphide diluted with 15 vols. of air. 

According to H. Moissan, fluorine inflames in contact with hydrogen sulphide, 
forming hydrogen fluoride and sulphur hexachloride. A. Stock observed that at 
— 100°, chlorine reacts with hydrogen sulphide dissolved in liquid hydrogen chloride 
to form Sulphur ; no evidence of the existence of a sulphur hydrochloride , SHCl, 
was observed. H. Rose said that chlorine, bromine, and iodine when warmed with 
hydrogen sulphide form sulphur and the respective hydrogen halide : H^S+U 
==2HI4“S ; and if the halogen is in excess, the sulphur may form sulphur halide, 
and some sulphuric acid. A. Naumann explained the different effects by the thermo- 
chemical data : Br2+H2S=2HBr-l-S+15*5 Cals., and with an excess of water the 
hydrogen bromide reacts evolving 40 Cals, of beat ; with iodine in place of bromine, 
the thermal effects are respectively 16*5 Cals, and 39 Cals. Iodine does not react 
with hydrogen sulphide alone ; indeed, M. Berthelot observed no reaction when the 
two substances are heated in a sealed tube at 500°. In the presence of water, 
hydriodic acid is formed up to a certain value limited by the reverse reaction between 
sulphur and the halogen acid. A, Naumann said that iodine and hydrogen sulphide 
can react on each other only in the presence of water until, by the increasing amount 
of hydriodic acid in the water, the positive amount of the heat of absorption of the 
hydriodic acid has fallen from 39*0 Cals, to 16*5 Cals. M. Berthelot suggested that 
the limited action is due to the formation of a definite hydrate, HI.7H2O, but there is 
no evidence of the formation of any such compound. For the reversible reaction 
2HIgas+2Ssoiid^2Isoud+H2Sgas, if the bracketed symbols denote partial press., 
[HI]2=A:[H2S], where i5r=l*9xlO~3 at 40-1° ; 45x10-3 at 50-1° ; 9-96xl0-*'3 at 
60*2° ; and 47 X at 80*7°. The thermal value of the reaction is 1 6*8 Cals, at 50° ; 
17*35 Cals, at 60° ; 17*12 Cals, at 60° ; 17*70 Cals, at 80°. L. B. Parsons found that 
the reaction between hydrogen sulphide and iodine is complete in absence of water 
and incomplete in presence of water, the equilibrium point reached depending on the 
water content of the solvent. In anhydrous ether, the reaction proceeds according 
to the equation : H2S+I2—2HI-4-S ; and in the presence of water, a series of 
consecutive reactions occurs ; these may be summed into a single equation ; 
H2S+3H20+3l2^H2803-{“6HI. The changes in the course of the reaction in 
the presence of atmospheric oxygen are ascribed to the formation of ethyl peroxide 
which oxidizes hydriodic acid to iodine and water, but does not oxidize hydrogen 
sulphide. H. Heinrichs studied the reaction between iodine and hydrogen sulphide ; 
and R. W. E. Maclvor, that between iodine trichloride and hydrogen sulphide. 

W. H. McLauchlan found that one vol. of 0*5iV-hydrochloiic acid at 25° dissolves 
2*54 vols. of hydrogen sulphide. J. Kendall and J. 0. Andrews gave for the solu- 
bility of hydrogen sulphide — S mols of H 2 S per litre, or j8 vols. of H 2 S reduced to 
0° and 760 mm. per vol. of soln. under a press, of hydrogen sulphide of 760 mm. — 
in hydrochloric acid of normality N : 

HCl . Oisr- 0*1348i\r- 0*6308iV- 1*8481V- 2-498i>r- 3*308iV^- 4*410iV^. 4-874A^- 

fi . 2*266 2-253 2-260 2-272 2-291 2*301 2*384 2-413 

S . 0*1023 0-1018 0-1016 0-1026 0*1034 0*1039 0*1076 0*1090 

Ct. Baume and N. Georgitses measured the f.p. of th^ system : liquid hydrogen 
chloride and liquid hydrogen sulphide, and the results are indicated in Fig. 36. 
The curve is characteristic of that for solid soln., with a minimum at — 117-5°. 
K. Jellinek and co-workers studied the heterogeneous equilibria with hydrogen 
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sulpbido and metal chlorides— silver, cadmium, and tnaii^anese. E. S. iiapi.er 
i)})taineil a curve aiialop^ous with that of hydrogen chloride, for lu|aid 

hydrogen hromide and hydrogen sidjdiide, Fig. 30 , with a, niinianini at ^ SS*' with 
4 t^-5 molar per cent, of hydrogen bromide; and also hn* hydrogen iodide iuid 
hydrogen siil])hiclc, Eig. 36 , with a minimum at about willi "J8-1 molar (X'r 

end. of hydrogen iodide. Expressing con cent rations in mols per litre, F. !h)llii.m‘ 
found the s<>]ii})ility of hydrogen sulphide in rioln. of hydriodic acid at. 25 " and 
7 t )0 nun., to bo : 

HI .0 1-01 l-<)3 2-l)4 4-:{8 5-005 5-(>05 O-nOO (0-21) 

H,S . <1*1004 O-lll M25 0-13S O-lO:} ()-105 O-IHl 0-107 (0-207) 
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A. J. Balard found that hydrogen sulphide iufiaim's in eoniml with chlorine 
monoxide. G. Lunge and G.’BilIitx observed that an u.q. sohn of hydrog<n< Hulphide 
is oxidized by hypochlorous acid to water, Hul]>liuri(*. jund, 
hydrochloric acid, and chlorine. T. L. Phipson said tdiat if 
a stream of hydrogen sulphide be (linud.ed on t.o a. p’n'cu’-. ui 
calcium hypochlorite, heat, is generated, and flu's hydrogtm 
and a large part of the sulphur burn a.i; t.ln^ c<vs(. ofM.lu^ 
oxygen of the h3’'pochlorito, and <;hIorine is set. fren*. W. Feit 
and C, Kubierschky found that a soln. of bydrogmi sulphiih^ 
is oxidized by iodic acid, fonning water, sulphur, and iodine, ; 
bromic acid forms water, sulphur, and bromine, ; alkali 
iodates yield water, sulphur, sulphuric ueid, and i(Hline ; and 
G. Lunge and G. Billitz found tliat alkali hromates yit'ld 
water, sulphur, sulphuric acid, and broTuit'K'. 

^ 20 ^ 60 80 /tOO According to J. Dalton, one vol. of sudphut dioxide 
Afalar jffer ^reacts with 2 v^ols. of hydrogen. sulpludi‘, at ordinary t.(‘mp., 
Fig. 3C. — Freezing- forming water, and sulphur — along with sonie, ptmf.aihionit^ 
acid. T. Thomson regarded the niixture m n HuIjduU^ of 
hydrogen sulphide. M. Cluzel, and W. Sclunid found tba.t 
the dried gases do not react, but iliey do ho iuun(‘<lia.t<dy 
a trace of water is introduced into Lhc From llu^ir 

study of the reverse reaction, G. N. Lewis andM. Randall calculated for the rcMud ioti 
at constant press., 2H2S-fS02=^3Shq.+2H20d-G cals,, <h 

=-649 : and g=25,719 cals. H. A. Taylor and W. A. Wesley nn'asured tiie velocity 
of the reaction betiveen sulphur dioxide and hydrogen Bu*]phid<‘, and found iliai 
the velocity of the reaction is proportional to the surface of the n^adhig 

chamber, and the velocity V can be r(^pr(\s(nit,<Hl by 
V===KS’^^^sSso2> denotc's the’ fraction of 

the surface covered by the mols. of tlm rc^Hpcctivt^ 
gases. Since for each gaH, V ^ 

when n==;|, and m=:L The velocity at a constant 
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temp, varies directly as the partial*' presB. of tlu^ 
sulphur dioxide, and as the partial proas* of tlie 
hydrogen sulphide raised to the l*5th power. 


Molar per ce/itM2S 


Fio. 37. — Freezing-point Curve 
of the System : S02~H2S. 


and it is assumed that each of the reactinig gases is 
activated by adsorption on the surface of the 
glass, and the reaction then follows between the 
activated molecules. G. N, Quam said that dry 
t, T 1 ^TT dioxide reacts vigorously with liquid 

hydrogen salphi(^. W, Blitz and M. Brautigam represented the f.p. of the 
binary system : H2S-SO3 by Fig. 37 . W. E. Lang and C. M. Carson repre- 

S^titb^th^rT^ in2H2S+S02==3S+2H20; and obsewd 
that mth the liquids there is a slow formation of sulphur ; and H. B. Baker 
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found that liquid <alcohoI, unci liquid sulj)hur dioxide can liberate sulphur 
from the dried mixed gas(^H, whereas carbon tetrachloride is inert. Accord- 
ing to L). Kh^in, inmuMliato action is produced by water, ethyl alcohol, uobutyl 
alcohol, fwarayl alcohol, acetone, pro'pyl acetate, benzalclehyde, and carvone. A 
slower dec(nnposition occurs with methyl ethyl ketone, acetonitrile, propionitrile, 
vaku-onitrile, ])henykiC(‘tonitrile, methyl benzoate, ^?obiityl acetate, and ethyl 
ether. On the*, oiluu- iiand, carbon disidphide, acetyl chloride, benzoyl chloride, 
ethyl chloride, and carbon tetrachloride are quite inert. There appears to be no 
connection betwe(‘n th(‘. diek'ctric capacity or association factor of a liquid and its 
activity as a eat/alyst in this reaction. Many of the active liquids are known to 
form compounds wdth hydrogen sulphide, notably the nitriles, the aldehydes, and 
carvoiK^ E. Matthews also found that in order to bring about the decomposition, 
of a mixture of sul])luir dioxide and hydrogen sulphide in either the gaseous or the 
liquid state, tlu^ addition of a third substance in the liquid phase is nec,essary. 
There is no rigid relationship between the values of the dielectric constants of 
suhstauces and their chemical activity as measured by their ability to bring about 
the interactioTi of liydrogon sulphide and sulphur dioxide. Hydrogen sulphidti 
and sulphur dioxide when in liquid state do not react vigorously. The activity 
of a sulDstauce in causing decomposition is dependent on the solubility of the tw’o 
gases in the substance when liquid, or on the solubility of the solids in the liquid 
mixture of the two gases. E. Mulder showed that above 400®, both gases can exist 
besides one another in the presence of steam : 2H2S+S02^3Svapour+2HoOg.if,“ 
%nde siipra^ the preparation and formation of sulphur. The interaction of hydrogen 
sulphide and sulphurous acid was also discussed by H, W. F. Wackenroder, H. Debus, 
W. B. Ijang and C. M. Carson, etc., in connection with the polythionic acids — vide 
supra — H. Debus supposed thdt the first reaction results in the formation of tetra- 
thionic acid, and that the other thionic acids are formed by secondary reactions. 
I. Guaroschi arranged the experiment to give the sulphur in. the form of vortex 
rings. A. Gcutlier observed that hydrogen sulphide is immediately decomposed 
by cone, sulphuric acid, forming water, sulphur dioxide, and sulphur which dis- 
solves in the acid, forming a blue liquid. J. W. D5bereiner obtained a similar result 
with furnishing sxilphuric acid ; and A, Vogel, with rectified -sulphuric acid, and 
slowly with a 1 : 4-mixtiire of sulphuric acid when impurities — ^like sulphurous and 
arsenious acids — are ]nescnt. W. H. McLauchlan said that one vol. of 0*5iV’-H2SO4 
dissolves 2-36 vols. of the gas at 25®. H. Prinz found that hydrogen sulphide does 
not react in the cold with thionyl chloride, but at 60®, hydrogen chloride, sulphur 
dioxide, and sulphur are formed. A. Besson said that the reaction occurs at 
ordinary temp. wit]i the dried gases : {2S0C32+2H2S“4HC1+S02+3S ; and, at 
higher "temp., the maixi reaction is : ^2S0Cl2+H2S=S2Cl2+SO2+2H01 ; while 
Muth dried sulphuryl chloride and hydrogen sulphide at ordinary temp., the reac- 
tions are:' S020l2+H2S-=2HCH-S02+S ; andS02Cl2+2H2S=2H20+S2Cl2+S. 
H. Prinz found that kydrogen sulphide reacts in the cold with chlorosrdphoJiic 
acid with the separation of sulphur and the evolution of hydrogen chloride — when 
the mixture is distilled, sulphur monochloride and sulphur trioxide collect in the 
receiver. According to W. Feit and.C. Kubierschky, A. Gutbier and J. Lohmann, 
with selenium dioxide, water and selenium sulphide^ are formed. 

F. E. C. Scheffer 24= has studied the binary system, ammonia and hydrogen 
sulphide ; when the components arc in molar proportions, the maximum sublimation 
point is 88*4® at 19 atm. press. ; and the minimum m.p. is at 116®“117®, and 150 
atm. The action on aq. ammonia, where the aq. soln. of hydrogen sulphide acts 
as an acid, has been previously discussed~2. 20, 42. According to F. Ephraim 
and H. Piotrowsky, liydrogen sulphide readily dissolves in hydrazine hydrate, hut 
no solid is obtained. With anhydrous hydrazine, however, a crystalline eompound 
is obtained in the form of long needles. More hydrogen sulphide is alisorbed than 
corresponds with the formula 2N2H4,H2S, but not enough for the formula N2H4,H2S, 
It is probable that the latter compound is formed, and by surrounding x>art of the 
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hyclraziiic prevents further absorption of liydrogoii 8iilf>hi(I<'. Tin' (Mnupomui 
rocndily loses hydrogen siilphklc on expoBiire to the atTn<)8})luM*(\ bec'oinlng on 

account of the liberation of hydrazine, its vtipour tension was found to Ik' 7(U) inin. 
at about 35°. According to C, Leconte, a inixiain'. of <Jry liydrogen siilpliidt^ and 
dry nitric oxide docs not react, but S. Cooke found ihut a mix f ore of i he, two gases 
explodes on the passage of an electric spark. Tlie reaction was studied by 
J. A. Pierce. Piiming nitric acid vigorously attacdcs hydrogen Hiilpiiide, and, as 
shown hy F. Kessel, A. W. Hofmann, and 1 \ T, Anatcn, hydrogem sidphide burns 
with a yellow flame in the vapour of'uitnc acid, forming whiU'. funu's tfiought to 
he nitiosylsnlplionic acid. A. Vogel, and N, A. K Millon said that hyfrogen sulphide 
has no action on nitric acid freed from nitrogen picroxidc ; and IL Ktnnp(^r found 
that purified nitric acid of sp. gr. 1-8 does not act on hydrog(ui siilpiiithg fait if the 
smallest trace of nitrogen peroxide is present— as is the case with nifuh*, a,cid wliioh 
has stood exposed to air— the sulphide is completely decomfiOBed. ^ J. W. F. John- 
ston, and 0. Leconte observed that hydrogen sulphide reduces dil. tiiiuh*. ardd forTtuiig 
sulphur, sulphuric acid, ammonium sulphate, and nitric oxide,. ,H. fi Dunnicliil 
and S. Mohammad added that 5 per cent, nitric acid is not ati-avJctHl by hydrogen 
sulphide even in the presence of nitrous fumes. Soln. of higher <‘on<u, sii-y 43 per 
cent, nitric acid, are attacked after a more or less long inttu'val of tirntn I’hiB 
induction period is removed if nitrous fumes axo introduced or slight (hHunitipoHition 
of nitric acid is induced by insolation. The addition of sulphurk^ a.cid itic.iHUiBCB 
the induction period., A 43 per cent. soln. of nitric acid was used. The prodticts 
of reaction are sulphuric acid, nitrous acid, ammonia, sulpluir, nitric oxide, nitrous 
oxide, and nitrogen. A possible explanation of iho evolution of nitrog(ui in the 
later stages is that amnronia h formed and immediately decomposed. If tbin is 
so, ammonia is not formed in the early stages of the reaction in any (pumtity thotigli 
there is evidence to show that it might be formed later. Apparently tlu^ preHcuice 
of sulphuric acid exerts considerable influence on the formation of nitrogen. Tlicre 
are, however, explanations for the existence of nitrogen other than through the 
agency of ammonia as an intermediate compound, and it is probahle tJiut any 
ammonia formed is the result of side reactions or minor secondary r<uic‘tions. flheris 
is a concentration of ammonium salt below which there is no iidK^raxdion with 


nitrous acid. The presence of sulphuric acid afeots the progrosB and tdtiinate. 
products of the reaction. If to the nitric acid, sulphuric acid is a<idc<l befoto 
passing hydrogen sulphide, the reaction stops when the concentration of the uitrics 
acid has fallen to 23 per cent, and the total sulphuric acid cone, k 15 per cent. 
These are roughly equivalent quantities, but isotonic soln. at ]ow(?sr (5onc. <lc) not 
exhibit this stoppage in the progress of the reduction. It is probable that the 
nitric acid and sulphuric acid enter into a chemical combination whioli in inert to 


the action of hydrogen sulphide, but which at lower cone, becorno dacuntipoBcd or 
dissociated and attackable by hydrogen sulphide. It is possible that the condition 
of stasis which occurs when the cone, of the nitric acid Ims fallen to 23 per cant., 
and that the cone, of the sulphuric acid has reached 15 per cent., may poHBil>ly bo 
due to the combmatiou of these two acids in soln. at these spocifunl porceutagoB 
which correspond very roughly with eq. quantities of the two acids, the nitric acid 

nitrato-sulphuric acid, UNO., ILSO4 or (HO)*^ 
KN03,KHS04 or HN03,K2S04 and NH4NO3, corresponding 
mth the constitution (NH4O).N(0H).O.SO2.(ONB[4), have been obtained. It may 
he a^^uned that a compound 2HN0g._H2S04, or (HO)2==:NO.O.SOa,O.NO-«(OH)2, 
lormed m soln., and that this compound does not react with hydrogen 
sulphide. According to G. Lunge and G. Billitz, nitric acid and soma niferata$ 
form with the aq. soln. of hydrogen sulphide, sulphur, sulphuric acid, nitric oxide, 
A sulphuric acid; and, according to M. Qfirlialj 

KN’Oa+SHsS^KOH+SS 

^ if an excess of hydrogen sulphide be present, a hypostilphide is 

termed. L. b. Bagster found that the products of the reaction of a soln. of ndtrOUS 
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acid with hydropjen Hulpliido vary with relative cone. With appreciable cone, of 
nitrons acid, the rediici.ion products are chiefly nitric and nitrous oxides ; with 
small cone, of nitrous ac;id, tliey are ammonia and hydroxylamine, the proportions 
of which vary according to the cone, of sulphide ion in soln. Nitric and nitrous 
oxides are rc^.garded as })r()ducts of hyponitrous acid formed primarily. The pro- 
portion of sulphur trioxide to free sulphur is small even with fairly cone, nitrous 
acid solo, unless the hydrogen sulphide cone, is small. Hydrogen "sulphide reacts 
slowly with aTionoiiiuni nitrite, converting it into ammonia. The rate of reaction 
is diminished by the addition m ammonium sulphide and increased by addition of 
polysulphidc. It is suggested that the polysulphide ion is more acidic than the 
sulphide ion and would thus furnish a greater cone, of reducing ions in soln, 

A. Colson fotmd that although dry silver phosphate and pyrophosphate 
are not attacked by dry hydrogen sulphide at 0°, the action becomes distinct 
at If)"" to 20®, and rapid at 100®. Dry zinc phosphate is not appreciably attacked 
between 5® and 9®, but the action becomes marked at 100°, and rapid at 160°. 
Experiments at 100° show that the mass of hydrogen sulphide decomposed by 
zinc phos])hato in unit time and at a constant temp, is proportional to the square 
of the press. Dry cupric phosphate and orthophosphate, on the other hand, 
absorb hydrogen sulphide slowly but continuously at 0°. The rate of the reaction 
is greatly reduced if the press, is lowered, but is accelerated by a rise of temp. 
The decomposition of silver phosphate or pyrophosphate by hydrogen sulphide 
develops more heat than the decomposition of the corresponding cupric salts, 
and hence there seems to be no connection between the heat of decomposition 
and the temp, at which the reaction will take place. When dry hydrogen 
sulphide is brought in contact with silver phosphate, the gas is at first absorbed 
somewhat rapidly, then more slowly, and finally a condition of equilibrium is 
reached in about 3 days, the pressure of the residual gas being 125 mm. at 12° ; 
the equilibrium is not appreciably affected by increasing the press, of the gas, but 
is at once disturbed by a rise of temp. At 109°, the reaction rapidly becomes 
complete. Similar phenomena were observed with silver pyrophosphate; the 
higher the temp., the greater the amount of change before equilibrium is established, 
and the lower the press, of the residual gas. The reaction between a chloride and 
a non-volatilc acid is endothermic, and that between metallic salts and hydrogen 
sulphide is exothermic, but in both cases a rise of temp, promotes the reaction and 
a fall of temp, retards it. Gr, S. Sernllas observed that hydrogen sulphide reacts 
with phosphorus trichloride, forming hydrogen chloride and phosphorus trisulphide ; 
while E. Baudrimont represented the reaction with phosphorus pentabromide : 
H2S+PBr5==PSBr3+2HBr ; and similarly with the reaction with phosphorus 
pexitachlorMe* A. Besson found that phosphoryl chloride reacts with dry hydrogen 
sulphide at 0°, forming solid P2O2S3 ; and at 100°, liquid P2O2SCI4. J. Myers 
represented the reaction with arsine :|3H2S“f2AsH3=As2S3+6H2. In air at 
ordinary temp., the arsine is first oxidized and the product is then converted to 
trisulphide ; at 230°, in the absence of air, arsenic and arsenic sulphide are formed. 
0. Brnnn found that with stibine hydrogen sulphide reacts in the absence of air 
and in darkness, forming antimony trisulphide ; the reaction proceeds more quickly 
in light. Quinquevalent vanadium salt soln. are reduced to the quadrivalent 
state by hydrogen sulphide — vide vanadic acid. 

H. Kohler ^5 found that if a mixture of hydrogen sulphide and carbon dioxide 
be sent through a red-hot tube, the reaction can be symbolized :^C02+H2S==8+C0 
d-H20, with the possible formation of carbonyl sulphide, discussed by R, Meyer 
and S. Schuster. A. Gautier represented the reaction : 8C02+9H2S=3C0S 

^5CO-[-H3-f-8H20+6S ; and said that carbonyl sulphide has been noted 
by severar observers in vlocanic gases, and in sulphuretted waters in volcanic 
neighbourhoods. The condensation of acetylene and hydrogen sulphide to form 
thiophen was studied by A. E. Tschitschihabin, W. Steinkopf and J. Herold, 
W, Steinkopf and G. KirchhofE, V. Meyer and T. Sandmeyer, P. Sabatier and 
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A. Maillie, auR M. G. Tomkinsou. The liqnc[ud,iou<if mixliircs of .suliifiiic ilioxiilc 
and ethane was studied by W. Mund titid R. H<'rri‘id> ; and (In' propuffulion uf 
flame in mixtures of hydrogen snlphido witii methane a. n< I willi carbon disulphide 
by A. U. White. Hydrogen sulpliido. is soluble, in wirlum di.suliiiiido. W. Bilt.z 
andM.Brautigam represented the f.p. of inixtureaof carbon dustilphide and liydrogou 
sulphide by the curve, Fig. 38 . The thiohydrated carbon disulphide, (VS,..{LS, may 
ho a thiocarhonio acid, H2CS3 ; and the compound liexathiohydrated carbon 
disulphide, CS.,.6H.>S, corresponds -with COa-CdloO. Tim. f.p. mirve of ini.viuivs of 



38. — Freezing-point Curves 
in the System : H 2 S--CS 2 * 
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carbon tetrachloride and hydrogen sulphide is shown in Kig. 39. Ilytlrogoii huI- 
pkide is soluble in ethyl alcohol ; N. T. cle Saussure found i hat 100 vols. of alcohol 
of sp. gr, 0-84 absorb 600 -vols. of tlic gas ; while L, Carius found thai. oiu^ vol of 
alcohol afc 6"^ and 760 mm. press, absorbs the following amomd-s of gas ihuIikuhI to 
0° and 760 mm. ; * 

0® 0® 10“ 15“ ‘20“ 24“ 

H^S . . 17-891 U-77G 11-092 9-630 7-416 6-056 votrt, 

or one vol. of alcohol absorbs >S=17-891~“O*65r>980-h()-()O()(Ud- vols- of hydrogen 
sulphide. "W. H, McLauchlaii also obtained vahics for the Bolubiliiy of gas in 
alcohol. G. Baume and F. L. Perrot measuxed the f.p. of mixUiruH of hyiirogc!\ 
sulphide and methyl alcohol, Fig. 36. ' .There is a eutectic at -- A. M . WaHi- 

liejS made some observations on this subject. Hydrogeti sulphide wa.K found by 
W. Higgins to be soluble in ether ; and G. Batmic and P. L, ih^rrot in(»aHiir(ul the. 
f.p. of mixtures of methyl ether and hydrogen sulphid (5 Fig. 36, imd obtaimui 
eutectics at — 153*7° and —137*6° with a maximum ai. -14847* corrcspondiiiig 
with (CH3)20.H2S. a. M- Wasilieff made some observations on this Hubjecit. 
Por the solubility in vols. of hydrogen sulphide dissolved by one vob of a H<dn. 
containing the following number of mols of acetic acid, CHaGbOlI, in 100 mola of 
■water at 25°, W. H. Mclauchlan gave : 

0 8-83 21-0 53'5 07-8 S)8'&8 

H^S . . 2-61 2-56 2'61 3-16 3-05 0-04 voIk. 

and for tlie solubility in one vol. of W-tartaric acid, he gave 2-4() vols. of gas, and 
2-24: vols. ; one vol. of a soln. of 60‘1 grins, of urea per litre, dis- 
solved 2-66 vols. of gas ; and one vol. of a normal aoln. of ammonium acetate, 
2-84 vols. of gas. E. P. Marchand found that hydrogen sulphide is soluble in 
^tate. A. W. Balston and J. A. Wilkinson studied the thiohydrolysis 
f illiquid liyilrogen suljihide; and R. R. Me'ints ami 

J. A. Wilkinson, the thiohydrolysis of furluraldehyde. T. H. Leiiago showed 
tkat glycerol dissolves less hydrogen sulphide than water ; and W. H. MoLatiohlan 
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found that one vol. of pure glycerol dissolves 2*26 vols. of the gas. Hydrogen 
sulphide is insoliihle in caoutchouc. D. L. Hammick and W. B. Holt studied 
ternary systems of sulphur with quinoline, pyridine, and p-xylene. M. Berthe- 
lot found that hydrogen sulphide coinpietely displaces hydrogen cyanide 
from soln. of the alkali cyanides, and in diL aq. soln., (HoS,2KCy)==4*7 Cals. ; 
(]Sra2B,2HCy)-:3-2 Cals. ; (Na2S,HC7) =3*1 Cals. ; (NaHS,HCy)=0 Cals.; and 
(Na2S,KCy)=0 Cals. If hydrogen sulphide he added to a soln. of silver cyanide 
in an excess of potassium cyanide, a brown coloration is produced and subse- 
quently a ])reci])itate, l)ut the filtrate contains a silver salt, hydrogen cyanide, 
and hydrogen sulphide. In the presence of a slight excess of potassium cyanide, 
the action of tlie hydrogen sulphide is complete ; a considerable excess of 
the cyanide is necessary to keej) the silver in soln. Sodium sulphide behaves 
like hydrogen sulphide. In the soln. there is a complex condition of equilibrium 
between hydrogen sulphide, hydrogen cyanide, and silver potassium cyanide, 
depiendent on the relative stability of hydrogen silver cyanide and silver potassium 
cyanide, which is increased by the presence of excess of potassium cyanide, but 
reduced by an increase in temp, or the addition of acetic acid. The decomposition 
of silver potassium cyanide by hydrogen sulphide produces no thermal disturbance, 
and the occurrence of the reaction is determined by the removal of the silver 
sulphide from the sphere of action. In the presence of excess of potassium cyanide, 
which produces a development of heat over and above that corresponding with the 
formation of silver potassium cyanide, there is no precipitation. If the pure double 
cyanide is mixed with a quantity of hydrogen sulphide insufficient for complete 
precipitation, an intermediate condition is produced, and there is development of 
heat. The action of potassium cyanide soln. on freshly precipitated silver sulphide 
also causes considerable development of heat. The condition of equilibrium corre- 
sponds with the proportion 2AgK(CH)2+K2S-f 92KCN’, a double cyanide and 
sulphide being formed with development of heat. With mercuric potassium 
cyanide, the precipitation is complete ; and with zinc potassium cyanide, the 
precipitation is slow, and if potassium cyanide is in sufficient excess there is no 
precipitation. E. Baumann studied the action of hydrogen sulphide on aldehydes, 
and cyanic acid ; E. E. Smith and H. E. Keller, on the metaUamines ; and 
W. Schneider the action of the gas on sugars — dextrose furnishes thio derivatives ; 
the hexoses — d-galactosc, d-mannose, and d-fructose — act more rapidly than 
dextrose ; the action with Z-rhamnose and Z-arahinose is similar ; lactose and 
maltose react slowly ; and a-raethylglucoside and mannitol do not give thio- 
derivatives. W. A. Plotnikofi! obtained compounds with aluminium bromide and 
ethyl bromide, ethylene bromide, and bromoSorm, J. U. Nef studied the action 
of hydrogen sulphide on silver fulminate ; and L. Cambi, on mercury fulminate* 
E. Schmidt showed that many of the alkaloids — e,g. strychnine, brucine, veratrine, 
nicotine, conine, cinchonine, etc. — ^react with hydrogen sulphide to form crystalline 
additive compounds. 

U. Antony and G.' Magri 27 reported that liquid hydrogen sulphide is a good 
solvent with small ionizing power, and D. McIntosh and co-workers observed that 
it dissolves metal salts sparingly ; it dissolves hydrogen chloride and bromide 
without forming conducting soln. ; but a number of organic compounds form con- 
ducting soln. — e.g. amines, acid amides, alkaloids, ketones, ether, methyl alcohol, 
phenols, organic acids, and ethers. Hydrogen sulphide is employed as a reducing 
agent — e.g. in converting ferric to ferrous salts, etc.— and L. Cohn has discussed 
its use as a reducing agent in oa«ganic syntheses. 

P. Sabatier 29 found that when boron is heated in hydrogen sulphide, boron 
sulphide is produced ; while silicon furnishes silicon sulphide. The f.p. of the 
system boron trifluoride and hydrogen sulphide has two eutectics — one at — 147*5'", 
and the other at IST-b'", Fig. 36. The maximum at —137° corresponds with boron 
trifluodibydrosulphide, BE’3.H2S ; and there is a transition point at — 99° corre- 
sponding with boron trifluotetradecahydroheptasulphide, BF3.7H2S. M. Blix 
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ound that only in th<‘ proH<^n(‘o of aluniiniuin ohlorif|<‘ ilnvi. siliooil teka 

bromide react with hydrogen mil}>liide, f<»nuiug ,si!uanj (lil.miioKelieide. Mux 
natural silicates were found by Ih IHdier lo Im* adiudieii by hy(lr<Ky<uj sulphide a 
1400°. There is a change of colour, and t lu‘ NilieutoM borouM’ nunv solubb' in aoi<h 
part of the metallic constittnuiiu having been etuiverbMl in<«» oulphidea. Th 
quantity which booomeB soluhi(‘. vari<‘s wilh I In* nature of tin* luitseral from ahou 
7 per cent, with peridoto to 45 per eetp., with powdens! mMutuenual eeriie. h 
most cases a small quantity of sulphurie a<'id in ferfmul, and <HHnlena<\s in ila^ coo, 
part of the tube. The silica displaciMl by the Jivdrogen mdpfnde remaiim iu tlif; 
free state, usually non-crystalline, or in mnne forma nnu’e a<’i(iie, silicutcH, 

Occasionally an annular deposit fornus iti the eool pari of the tninq eour.istitig cithex 
of silicon or a silico-formic compoumL 

J. L. Gay Lussac and L. d. Thmiard fotind thai when hydrogm mdphhlo 
I is heated in the presence of potassium or sodium, the alkali hydniaulpldule is forinud: 

J 2 K+ 2 H 2 S~ 2 KSH+H 2 ; hence, 2 v<dH. of liy<lrogen sttlpbi<le ftimi.sh (me, vol 
^ of hydrogen; with tin, stannous sulphhh* is brnnuHl and the livdrogtm sulphide 
furnishes its own vol. of hydrogen. V. MtuT* and V\ . Wbuth bunul that* tln^ dried 
gas does not act on copper or silver unhw air la^ pnnaujt. If a inixf-un^ of air 
and h^J^drogen sulphide be passed over pcmuh^t'd <mppt‘i\ tlu' mixt.un^ h\ aonudiniies 
heated to redness by the heat developed during ( In^ react i(Ui : 4Gu j 
= 2 H 20 + 2 Cu 2 S ; with oxygen in place of air, t h<‘ nriKlana' In ahvaya luurhul to 
redness, and the cuprous sulphide, is smi>er(Hl iogetlnuu d. B. ldmrni(‘r n,nd Lang 
observed no apparent alteration of copp(»r after inumnnhui for td('veu vnuirs in l"u|uid 
hydrogen sulphide at ordinary tennp., or for 15 days at* tmup. up to btr. A(uun<lingto 
M. Berthelot, the decomposition hy oo])per begins at- aiul by silver and mercury 
at 500° ; mercury is not affeci.cd in the coki. Acc^ording t(i M. Ihud hekd, when a 
mixture of hydrogen sulphide and oxygen is kdt. in cotdaet- with mercury, the 
surface of the latter is slowly converted into Buiphidc, hut. t in' reatdioii doen not 
continue unless the surface of the mercury is conniautly iHUuwvi'd. ddu' complete ; 
reaction would develop 4*74*8 Cals. H. St. C. Ihwillo and h. 'rrotmt , and It hinmz ; 
studied the reaction with silver ; and K. Lorenz, tlu^ actioti tvf ilu' gas on nickel, 
zinc, and cadmium ; and S. Meunier, on an iron-chromiulu nlloy. it Tatnmann : 
and W. Koster stu(iied the rate of attack of hy<lrog(Ui milpbide the nnsfcak 
The action is rapid with copper and mangatmHc ; sl(iw(n* wit h miKut ; and slower j 
still with lead. No change was observed with zinc, tuulnuuin, tin, altiuiiniuuh ■ 
antimony, bismuth, chromium, iron, cobalt, and nickel afh'r several dayn'cmitaet 
with the gas. J. B. Fournier and F Lang found that, alumiinum and iron ludiaved 
like copper towards liquid hydrogen sulphide. Tlumpccific action of hydrog<m sulphide 
is discussed in connection with the individual nu^tals ; a Hitnihir r(mmtrk applies to 
the metal oxides, and the metal salts. The relative ahinity of th<' nudak for Bulphur 
has been discussed in connection with elemental wulpliur,**^ Atu**ording to L Guare- 
schi, hydrogen sulphide is readily absorbed by Soda«*]lme, wltii'b iHuumica black, 
^ssibly omng to the presence of impurities and the formation <d ir<m sulphide. 
This reaction is atteniied with the development of a wry c.onsid<*rabk amount 
of heat, and when the current of gas is mixed with ait the sodadittm bcoomes 
mcandescent, whilst replacement of the air by oxygen r^wlts in a viokuit explosion* 
This incandescence is observed only with freshly prepared aoda-lline, which should 
consist of gianmes 1 to 3 mm. in diameter. 100 grms* of soda-liine absorb 
as much as 35 litres of hydrogen sulphide. The incandescence observ<^d when a 
nrmuxe of and hydrogen sulphide is passed over Boda-lime also occurs when the 
latter is replaced by a mixture of lime or, more eBpocially, biWiuiKl 0»d© with 
socuum or potassiuin hydroxide, even when the latt<»sr is present in rdaii vely small 
proportion ; p(3tassium hydroxide is more effective than sodium hydroxide. A 
negative result is obtained when the lime or baryta is replaced by barylMum oxifle* 
a?Vor cannot be attributed to the presence or formation of petoxidoa ; 

aiKau peroxiaes (not of recent preparation) act almost like hydroxides^ and 
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bariiuHj magnesium, and lead dioxides have noaction. Mixtures of calcium or barium 
oxide with mercuric oxide or nickel oxide also react vigorously with hydrogen 
sulphide and, when the constituent oxides are in definite proportions, vivid in- 
candescence or even explosion takes place. When incandescence occurs with 
mercuric oxide, sulphur dioxide is formed, and this reacts with the hydrogen sulphide, 
giving colloidal sulphur, which is precipitated by water in a special, blue form. 
No incandescence is observed when hydrogen sulphide acts on pumice and mercuric 
oxide, or on a mixture of calcium or barium oxide with cuprous or cupric oxide, 
lead oxide, or ferric oxide. H. B. Dunnicliff and S. D. Nijhawan found that when 
hydrogen sulphide is passed into a neutral soln. of potassium permanganate, the 
products are colloidal manganese dioxide, sulphur, and potassium sulphate and 
tliiosulphate : \l0KMnO4+22H2S=3K2SO4-f 2K2S2O3+10MnS+22H2O+5S. The 
colloid afterwards coagulates. An excess of hydrogen sulphide furnishes man- 
ganese sulphide ; and at the same time the dithionate passes into sulphate, and 
sulphur separates partly in a colloidal form. The property possessed by the iron 
hydroxides of removing hydrogen sulphide from coal-gas has been utilized for 
many years. The subject has been discussed by W. A. Dunkley and R. D. Leitch, 
and T. G. Pearson and P. L, Robinson — vide iron sulphide. H. B. Dunniclifi and 
C. L- Soni studied the action of hydrogen sulphide on chromates — q.v. — 2H2C1O4 
+ 3 H 2 S= 2 Cr( 0 H) 3 + 2 H 20 + 3 S. 

G. N. Quam studied many reactions with liquid hydrogen sulphide as solvent. 
Salts with hydrogen sulphide of crystallization, or sulphohydrate, were prepared 
by W. Biltz and E. Xeunecke BeBr2.2H2S ; Bel2.2H2S ; AICI3.H2S ; 

AlBrg.HgS (studied by S. Jakubsohn) ; AII3.2H2S ; AII3.4H2S ; TiCl4.H2S ; 
TiCl4.2H2S; TiBr4.H2S ; TiBr4.2H2S ; SnCVSHsS ; and SnCl4.4H2S. B. Baud 
also prepared AICIS.H2S, with aluminium chloride and liquid hydrogen sulphide at 
— 70 ° ; and at — 45 °, 2AICI3.H2S appears. W. A. Plotnikofi prepared AlBr3.H2S. 
H. R. Chapman and D. McIntosh found that iodine, trmobutylamine, tripropyl- 
amine, and antimony trichloride form conductive soln. with' liquid hydrogen sulphide. 
R. W. Borgeson and J. A. Wilkinson, R. E. Meints and J. A. Wilkinson, and 
A. W. Ralston and J. A. Wilkinson studied reactions with organic compounds in 
the liquified gas. 

According to R. E. Hughes ,33 hydrogen sulphide, when thoroughly dried, acts 
as an acid anhydride, since it does not react with many thoroughly dried metal 
oxides and salts. An aq. soln. of the gas acts as a weak dibasic acid — ^hydro- 
sulphuric acid — forming a series of sulphides of the type R2S, which may be regarded 
as normal sulphides. If only one of the hydrogen atoms is displaced by a metal, 
hydrosulphides of the t3q)e R.SH are formed. R. de Eorcrand compared the chemical 
function of water, H2O, with that of hydrogen sulphide, H2S ; in other words : Are the 
two compounds constituted alike ,? From the equations H20Hoin.+Nasoin.=Hgas 
“|~NaOHgoii;i^. “[-"^ 1 * 1 ^ Cals, j and NaOHgQiii.“*f“Nagoiji''^IIgasH~^^2^soin..‘~'ll*^^^ Cals*, 
it follows that the quantities of heat developed during the successive replace- 
ment by sodium of the hydrogen atoms in the water molecule difier by 42*875 Cals., 
which is an abnormally large difierence. The corresponding heat changes for the 
action of sodium on hydrogen sulphide are 44*45 and 31*80 Cals., giving a ditEerence 
of 12*65 Cals., and a mean value of 38*12 Cals. When the hydrogen atoms of the 
hydroxyl groups of catechol are successively replaced by sodium, the amounts of 
heat developed, are 43*61 and 33*08 Cals, respectively, the difference being 38*42 
Cals. From these numbers, E. de Forcrand concluded that hydrogen sulphide, 
considered thermally, is a true diphenol with the formula H — S — but that water 
is not a symmetrical compound and must be represented by the formula H — OH. 
J. Thomsen also concluded from his thermochemical observations that in a wet way 
only one hydrogen atom is replaceable by a metal, so that the constitution is H(SH), 
and that the acid in aq. soln. is monobasic, consequently, E(SH) represents a 
neutral salt. The sulphide K2S is considered to be a molecular mixture of H(SEl) 
and H(OK) ; and CaS, as a basic sulphide or oxysulphide, (HS)Ca(OH). H. Kolbe 
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saidtliat this hypothesis is supportiMl by th(‘ Dot that wnior (lr(‘otuiH)S(\s normal 
barium sulphide, BaS, into the hydrosiiipliulo and hydroxide : hut uoi^ so with 
sodium sulphide, Na^S. A sobi. of sodiuni sul{>hid(\ Na«»S.iHL>D, when boiltKi 
with potassium ethyrsulphate, should yhdd ni<‘r<n,|da.ti without, any a,dinixture of 
ethyl sulphidehf the acddoii of water ofIe(d.e(l itS(U)m()i(d,(^ deoinnposit ion into sodium 
hydrate and sodium hydrosulphido or su1|)hydrai><x 11. Kollu‘ loumh lio\v<w*ei‘j that 
ethyl sulphide is the principal product of Dm manthui, beiuf( .'meonipiurKul hy more or 
less mercaptan, according to the cone, of the soln. employed : t he moiv dil. the sola, 
the larger being the proportion of luercaptiui. He Dmrefoir infern‘d that the 
metallic sulphides are only partially deeoin posed iid.o hydroxidi'S a, ml hydu)sulphidoa 
by soln., the extent of the dccompowHon di^pmuliug on t.lu' ]u‘oporthm of water 
present. Observations on the cJeobrical conductivity of Die soln. also fu.vour the 
hjrpothesis that hydrogen sulphide in aq. soln. is a <libHsic a<hl whos<« ( wo hydrogen 
can be displaced one by one, lorniiug ih(*reHpoct/iv<^ ions \\H' a-ml S'h K. Jihiiiek 
and J. Czerwinsky inferred from the great dilloretum in Dio ioniza.l ton mm.stautH and 
the heat of ionization of hydrogen sulpldde that; Mm umimtuh' uuiHt* possfxss au 
asymmetric structure. The sulphides and hy<lrosul{i!ud<xs a,n‘ discussed in con- 
nection with the respective metals. It. jhotsidi and co vvork<'rs stiidiod Dio notion 
of hydrogen sulphide on crystals of <‘,oppcx siilpliah*. 

Some reactions of analytical interest l )il.sulplmric acid (bHSMU juifU'njiU soluble 
and some insoluble sulphides with the evolution of hydrogen sidphidi^ ; while the 
cone, acid decomposes all the sulphides wlum warnuul, fontiing sulphur and sul|dnir 
dioxide: ISfagS +2112804^== Na^SO;^- 1-2 I I 1 hoHulphur doi'lf nui.yidwihinn 
sulphur dioxide under these coiiditio.ns: 8 | 2ILR(b 2H;d) | dSO,*. A black 
precipitate of silver sulphide is prodmo'd by silver nitrate; Dio prccipiiutc in 
insoluble in cold nitric acid, but soluble in Du^ warm luml ; load salts givo a black ; 
precipitate of lead sulphide; paper saturated vvitJi a soln. of buid umd,at<* is a 
common form of applying the test for the gas. A sofu, of barium chloride gives 
no precipitate. According to )L Tiedc ami lA Fisidior,'^'^ if a. Holm of mercuric 
chloride be added drop by drop to a c-onc. hyclrmdiloric, aoid wdii. (‘oiitiunmg 
a little hydrogen sulphide, a lemon-yellow turliidity or procipilnic is formotL The 
reaction is said to be very sensitive. A r(Mj<liMh-vi<ih‘t. (ndour is produ<M‘d when a 
soluble sulphide-— not hydrosiilpliide— is tnuits'd with sodium nitropmsside, 
a sola, of hydrogen sulphide docs not give tlu^ reuofioti excepi- wbtm tn^aicvl wiDo 
alkali-lye. A number of other tests based on th(‘ rtHluciug ucruui of Dm gan could 
be devised. ^ Thus, according to D.GanaHsini, a soln, D2b gnuH. of amiuouium 
molybdate in 50 c.c.of water is mixed with a koIu, of 2-5 grnm. of polasHium tiikv 
cyanatein 45 c.c. of water, and to the mixture arc nddiHl 5 c.c. of hydroohtoric acid. 
The reagent wdll keep for a few days when iilm-ed ia Dm durk. A sl.rip of filter- 
paper or a porcelain slab moistened with the reugiuit when <ixp<wcd (.0 vufiours 
containing hydrogen sulphide will turn r<ul. lu Dm Houmllml methyleiie-Wue test 
of N. Caro and E. Fischer, the aq. soln. of hydrogmi Hiilphith^ is tfmd-cd with one- 
fiftieth vol. of cone, hydrochloric aoid, a few grains of jiaranudodinmXbyJaniline 
sulphate are added, and when this is dissolved, I i,o 2 drops of a diL Holm of ferric 
chloride. In the case of a soln. containing 0*(X)6(hl grim hyd rogcii Hulphiilt* in a litre 
of water, koloratioii took place in a few minutcB, and in lialf mi hour Dm litiuid had 
assumed a strong blue colour, which lasted for days. A Holm of Dm gaiuc (sone,, 
hut without hydrochloric acid, yielded only a liglit brown coloriitiou with load 
acetate. In a soln. containing 0''00003B2 gnu. of hydrogem Hulpliidc in a litre of 
^^ter, the methylene-blue reaction still gave a distinct bine eolortJi(»ion, whilst no 
enect was produced either by lead acetate or sodium nitropruHsidm This reaction 
IS therefore recommended as the most delicate and <5erUiti for neniral or acid 
soln. of hydrogen sulphide. Numerous oxidixiing af©ata-*thc halogens, nitric 
acid, c^oniates, q^ermanganates, ferric salts, o,U*,/ 'clecompoHis hydrogen Bulphidc 
with the separation of sulphur. Silver is blackened hy free hydrogen Hulrihide, 
or by soluble sulphides. The blackemng occurs only if air or oxygon be 
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ja-oseiit: 2A{i l-lUS-i-OOxir)- H.O+Ag.S; or 2Ag-t-NaoS+HoO-f O(air)- 2NaOH 

II yclro^^oii .sul])lu(l(‘ is u valuable reagent. In 1831 , J. von Liebig, in a Note sur 
la separation dc (juehpie^ oaides metalliques dans Vanalyse cJiimique, showed that its 
reactions with tin' difterent metal salts enable the metals to be se])aratod into gron])s 
as a preliminary to more detailed examination. Thus - 

I. Hul))lii<ies hisolublo in dil. aeids. 

(а) Soluble in alkaline sulphidoB — arsciiK*, antimony, stannic, gold, goriuaniiun, 
inolybdonum, tolhiriuui, tungsten, iridium, and iilatmiim sulpliidcs. 

(б) Insohiblo in alkaline widpliides — mercury, sdver, lead, copper, biHinuth, cadmium, 
and stannous sulphides. 

II. Sulphides soluble in dilute mineral acids but insoluble in the presence of alkalies- — 
iron, cobalt, nickel, manganese, and zinc sulphides. 

III. Sulphides not precipitated by hydrogen sulphide — chromium, aluminium, mag- 
nesium, barium, strontium, calcium, potassium, and sodium. Chromium and ahiniinium 
are precipitated as liydroxides. 

An altern'ativo scheme for the grouping of the elements for the purpose of 
analysis is based on the behaviour of solutions of their salts towards ammonium 
sulphide. 

1. Sulphides soluble in ammonium sulphide — arsenic, antimony, and tin. 

2. Sulphides or hydroxides precipitated by ammonia and ammonium sulpliide. 

{a) Insoluble in cold dilute hydrochloric acid — mercury, lead, bismuth, <*admiurn, copper, 
nickel, and cobalt, 

(6) Soluble in cold dilute hydrochloric acid — zinc, maganese, iron, alununium, and 
chromium. 

Silver, lead, and mercury can be first precipitated by hydrochloric acid, and barium, 
strontium, calcium, and lead by sulphuric acid. Other modifications can be 
introduced. 

The method of classifying certain elements into groups — those which form 
soluble and those which form insoluble sulphides in hydrochloric acid — frequently 
conveys wrong ideas of the properties of the sulphides. The solubility of the 
sulphides depends upon the cone, of the acid. For instance, if hydrogen sulphide 
be passed into 5 c.c. of a soln. of 2 grms. of tartar emetic — ^potassium antimonyl 
tartrate — ^in 5 c.c. of hydrochloric acid (sp. gr. 1T75) and 85 c.c. of water, antimony 
sulphide will be precipitated, but not if 15 c.c. of hydrochloric acid had been 
employed without the water. In one case, 2SbCl3+3H2S=Sb2S3-|~6HCl ; and 
in the second case, Sb2S3-f-6IIGi=3H2S+2SbCl3. In other words, the antimony 
sulphide, in the second case, is decomposed by the acid as fast as it is formed. 
Similarly, no lead will be precipitated by hydrogen sulphide from a soln. containing 
3 per cent, of hydrochloric acid, HCl ; and if the soln. has 2*5 per cent, of acid, the 
lead sulphide will be imperfectly precipitated — i,e, part will be j)recipitated, and 
part will be decomposed as fast as it is formed. Similarly, a 5 per cent, boiling 
soln. of hydrochloric acid will prevent the precipitation of cadmium sulphide. 

If a metallic sulphide, MS, be treated with hydrochloric acid, hydrogen sulphide 
and a metallic chloride will be formed : MS+ 2 HCl=MCl 2 H-B 2 S. Conversely, 
when a metallic chloride in aq. soln. is treated with hydrogen sulphide, the metallic 
sulphide and hydn )c]iloric acid will be produced : MCl 2 +H 2 S==MS+ 2 HCL Hydro- 
chloric acid thus accumulates in the soln. as the action goes on. If any more sul- 
phide be produced, after the hydrochloric acid has attained a certain limiting 
concentration, the excess of sulphide will he at once decomposed by the acid. 
There are then two simultaneous opposing reactions : (1) Formation of the metallic 
sulphide and hydrooiilorie acid ; and (2) formation of chloride and hydrogen 
sulphide. In illustration, if a current of hydrogen sulphide be passed through a 
sat. soln. of zinc chloride, 'part of the metal is precipitated, but when the hydro- 
chloric acid has attaim^d a certain concentration, the action apparently ceases 
because tlic reverse change sets in. Hence, the precipitation will be incomplete. 
In illustration, take the ease of lead chloride : PbCl 2 +H 2 S;i=^PhS-f 2HC1. When 
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ec[uilibrium is established, the soln. contains lead chloridi*, hydrogen stilphhie, and 
hydrogen chloride. Using symbols in squan* braedads io repmseni, i!u>, cone. 

(». mol. per litre) of the respective compounds in t.lu* soln., it follows from the 
equilibrium law, that: [.PbCi2]X[n2S]:^‘/C[iL(}]T-. This shows l\ml if <H)ne. 
of the acid be increased, and the cone, of ilio hydrogen sulphid<' b('. (smsiant., the 
amount of lead chloride which remains in soln. (thai. is, <‘sc,a|)es pns'i pda, lion) will 
increase in order to keep the nnmorical value of tins “ (amsia,nt always Ihe same. 
Conversely, if it be desired to keep the amount of lead chloride in the. sobn as low 
as possible, it is necessary to keep the cone, of the acid down io a minirnnm value. 

A certain amount of acid is usually required to ke<q) oiluT nud.als in soln. ; ziiu*-, for 
example. See the individual metals. 

The cone, of the hydrogen sulphide in the soln. is prad.itudly constant (0d)073 
mol. per litre at 20°) when the gas is passing through i»h(‘. soln. If tlun ct>nc. of 
the hydrogen sulphide were large and the cone, of t.ho niet.allic ddoridc small, a 
very large excess of acid would be needed to prevent nie.tal Ixung prc(‘,ipitaio,(l by 
the hydrogen sulphide. It will be observed, however, that, tlw. (joiun of ilu^ hydrogen 
sulphide under ordinary circumstances is small In (’.oOiS(Hpicuc<\ a (unnpa;ratively 
small amount of acid suffices to prevent the scparatioii of suiphichsH of zinc, iron, 
nickel, cobalt, and manganese. If the solubility of the liydrogcm sulpliidt^ lias been 
greater than it is, some of the metals — zinc, iron, nickel . . -would luiV(^ been 
included in the hydrogen sulphide group ” ; and conversely, had ilu*) nolubility 
of hydrogen sulphide been less than it is, some of the mcnibcrs of thi'. 

hydrogen sulphide group ’’ would not have been there. For inf4l;an(‘.e., tin, lead, 
cadmium. . . . Molybdenum is precipitated incompletely niidet ordinary press., 
but if the soln. be warm and the press, of the gas bo incrcascsd, it can. be (completely 
precipitated. This subject was discussed by G. Bruni and M. Fadoa. 

Under ordinary conditions, the solubilities of the sulphidtjs in hydrochloric, acid, ^ 
starting with the least soluble, are approximately in the ord<ir : Mo, .Ft, Au, As, Ag, 
Cu, Sb, Bi, Sn(ic), Hg, Cd, 3?b, Sn(ous), Zn, Ti, Fc, Ni, Oo, Mm Ah shown by 
G. Bodlander, W. Bottger, and 0. Weigel, the conditions of precipitation alfcofc tlui 
results to some extent. G. Bodlander gave for the solubilities in mols X per litre, 
MnS,71‘6; ZnS,70d; FeS,70-l; CoS, 11*62; NiS, 39*87; CVIS, 8*836; 

SbsSs, 5*2 ; PbS, 3*60 ; CuS, 3*51 ; CugS, 3*10 ; As^Sa, 2d ; BnS., U13 ; Of)52 ; 

Bi2S3, 0-35 ; SnS, 0*14: ; and Hg2S, 0-054:. Elements wide apart in fche list cah be 
easily separated by hydrogen sulphide in acid soln., but elements close together in the 
list require a very careful adjustment of the amount of acid in sohu b(d,ore satis- 
factory separations can be made. For instance, the separation of cadmium or lead 
from zinc by means of hydrogen sulphide is only satisfactory when tlu^ comv of the 
acid is very carefully adjusted. If too much acid be present, eadmunn or lead will 
be imperfectly precipitated ; while if too little acid be present, zinc will be pre- 
cipitated with the cadmum or lead. Hence there is no sharp lino of demarcation 
between metals precipitated and metals not precipitated by hydrogem sulphide from 
acid soln. All depends upon the cone, of the acid. This is arbitrarily adjusted so 
that^ antimony, arsenic, lead, bismuth, cadmium, copper, mercury, and tin are 
precipitated by making the voL of the soln. such that it contains approximately 
4 c.c. of hydrochloric acid (sp. gr. M2) per 100 c.c, before passing the hydrogen 
sulphide. The aluminium, iron, zinc, nickel, cobalt, and manganese salts will 
he found in the filtrate. Barium, strontimn, calcium, and magnesium salts will also 
be found in the filtrate along with alkalies, because the sulphides of these elements 
are atoked and decomposed by water and by acids. IS.g. 2CaS+2H20 
^Ua(OH)2+Ca(SH)2. 


The above remarks can be easily translated into the language of ions. The 
preci;^tetion is then supposed to proceed according to the equation: 
M +2H2S^M(HS)2+2H-; or M**+H28^MS+2H‘. That is, the bivalent 
T^rrm. ‘ hydrogen sulphide, forming the sparingly soluble MS, or 

M[Jlb)2, which precipitates. In the process, hydrogen (acid) ions, H*, are formed. 
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The hydrogen sulphide is itself supposed to be ionized in aq. sola, as indicated 
above: Tl2S^H‘+HS^2ir-+S''. The metal chloride, say, is also ionized: 
MC] 2 =M**+ 2 Cr. Hence the soln. may be supposed to contain MCl 2 +H 2 S^M" 
~(~2CrM“S^'+2H\ When the solubility product [M'‘]x[S''] is exceeded, the solid 
MS separates from the soln., leaving hydrochloric acid ions behind : 2H*-l-2Cr. A 
further amplification on the lines indicated in the text can now be made. Here, 
as elsewhere, it makes very little difference which mode of expression be used. The 
facts will stand for ever ; the language used in describing the facts, like other 
customs, changes according to the prevailing fashions. 

The physiological action of hydrogen sulphide. — The aq. soln. and the gas are 
poisonous, but less poisonous than chlorine or bromine. Towards the end of the 
eighteenth ceiitnry, a number of accidental deaths occurred in Paris, due to the 
gases from the, sewers ; and in 1785, M. Halle reported on the conditions, hut did 
not recognize hydrogeii suli')hide as the cause of the poisoning. At the beginning 
of the nineteenth century, G. Dupuytren, M. Prunelle, and F. Chaussier proved 
that hydrogen sulphide was present in the mephatic vapours from the sewers, and 
it was believed that this gas was the cause of the toxic action of the sewer gas. 
M. Parent-Duchatelet made a comprehensive report on the Paris sewers in 1829 ; 
he found that the average proportion of hydrogen sulphide was 2*29 per cent. 
Cases of accidental poisoning were reported by T. S. Bell, B. I. Raphael, L. Holden 
and H. Letheby, R. Christison, H. Letheby, A. Kwilecki, I). Brown, R. R. Sayers 
and co-workers, A. Haibe, K. B, Lehmann, A. Cahn, J. P. J. d’Arcet and 
H. Braconnot, etc. Observations on sewer-gas poisoning were also made by 
T. H. Barker, and L, Surne. C. W. Mitchell and S. J. Davenport say that hydrogen 
sulphide is one of the most toxic gases, and is comparable to hydrogen cyanide 
with respect to rapidity of action and concentration producing death. The action 
depends upon the concentration — 0*005 per cent, is sufficient to produce poisoning, 
while a continued exposure to a cone, of 0*02 per cent, during several days may 
produce death. The exact mechanism of the poisoning is unknown. A. S. Taylor 
described the cases of hydrogen sulphide poisoning which occurred during the build- 
ing of the tunnel under the Thames. T. Oliver mentioned three fatal cases in the 
construction of a graving dock at Hebburn-on-Tyne, where the excavation reached 
some old alkali waste ; and A. S. Taylor mentioned six fatal cases at Cleator Moor. 
Some cottages were built on iron slag ; the slag contained sulphides of calcium and 
iron ; the water from a heavy rainstorm soaked into the slag, and hydrogen sulphide 
was formed ; this diffused into the cottages during the night, and killed three adults 
and three children. Hydrogen sulpMde is a common reagent in chemical 
laboratories. A. Cahn described the case of a student poisoned hy the gas in the 
laboratory. J. Plabermann and co-workers examined fifty samples of air from 
laboratories, and found the hydrogen sulphide varied from 0*00015 to 0*2 vol. per 
1000. R. Biefel and T. Polek, and A. Haibe described cases of hydrogen sulphide 
poisoning in the coal-gas industry ; T. Oliver, in the sulphur mines of Sicily ; and 
M. Holtzmann, in tanneries. According to C. B. Lehmann, an atmosphere con- 
taining 1 : 3000 hydrogen sulphide kills cats and rabbits in 10 minutes ; an atmo- 
sphere with 0*4 to 0*8 per 1000 produces local irritation on the mucous membrane of 
the respiratory tract, and death follows from an oedema of the lung preceded by 
convulsions ; air containing 0*2 per 1000 produces in half an hour a smarl^ing of the 
eyes, nose, and throat, and after 30 minutes the atmosphere can no longer be 
borne, air with 0*5 per 1000 is the utmost that can be breathed, and it produces 
smarting of the eyes, nasal catarrh, cough, palpitation, shivering, great muscular 
weakness, headache, and faintness with cold sweats. 0*76-0*8 per 1000 is dangerous 
to human life, and 1*0-1 *5 per 1000 rapidly destroys life. H. W. Haggard and 
Y. Henderson studied the action of hydrogen sulpMde on the respiratory centres, 
R. Fisher compared the toxic action of the gas alone, and when associated with 
carbon disulphide. E. Goldsmith found that three men exposed to the gas became 
temporarily blind for 2 or 3 days, suffering with intense pain, with reddening of 
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the conjmicti'va ; almost continual running of tears ; lieadaclie- imd geiKunl indis- 
position. He supposed that the gas formed a coiupoutid in tin* ont<T of t,he 

eye, and that this prevented light passing into the eyes. pai icniis eoidd not 

distinguish ohjects held before them j they could not iind tlnnr wjiy htuin’! alone. 
The eyesight always returned after tlie lapse of scvtTal days. J. Wigglesworth 
reported two cases of insanity produced hy the inhalation of hydrogmi sulphhk'. 
H. Schulz said that the gas acts as a hypnotic agent, but N. Usohinsky could iind 
no evidence of this. Observations on hydrog(‘n sul])liid('- poisoning w<n‘e, also 
made by C. Rernard, H. Eulenberg, R. Biefcland T. Poh‘k, W. Ividine, P- Ih’onurckd 
and T. Loye, A. Hint, B. Salkowsky, H. Stiht, and 0. Ilussoju 

J.lh 'Wilson observed that 1 per cent, of hydrogen sulphide in air IciIIh a 
rabbit in about a minute ; 0*5 per cent., in 3 minutes ; 0*12 |Hn* (umiI ., in I () iniuui^os ; 
0*1 per cent., in 37 minutes; and 0*025 per cent, produced no p(T(‘npi,il)ie r<‘,suit 
on a rabbit after 2 hrs.’ inhalation. The toxic eilcct on bacteria wjus ol)S(n*V(‘<l by 
B. Hatton, and 0. Fermi. A. Cbauveau and J. Tissot foiuid thai. aniiuals liv<‘, 
quite, well in alctlial atmosphere of hydrogen sulphide provided that tbe^y are. allowed 
to breathe pure air through a tube. Hence, the, skin and (‘.,xt/(‘fual niu<n)U8 
membranes are iinpermeahle. This contradicts an early obsinwnHon iiy K. ( -ha/ussitu*. 
J. P, Peyron, and L. Simirnofi examined the absorption of hydrogini Hul[diide by 
contact with difierent parts of animals. 

The gas is a blood poison. F. Koppe-Seyler studhnl the cheiuical juddon of 
hydrogen sulphide on the blood. He observed that when hydrogtvn sulphides is 
passed through the Wood, a dark green pigment is deposited siiuilar to ihe^ gre.enish 
discoloration of cadavers. This change is said to be due to tin'* action of hy<lrogen 
sulphide on the oxyhsemoglobin of the blood, with the formation of a Hubsi/aiujo 
termed sulpJmietahcemoglohin. An absorption spectrum, was found wif*h two bauds 
in the red — one near the C-line, and the other between iln^ G-lint', iuid /Aline* 
Observations were also made by T. Arake, A. Lewisson, A. (Jaiugn'o, W, Jviilme, 
J. V. Laborde, B, Harnack, T, W. Clarke and W. H. Hurtley, A, van (l<u* Bcigh, 
S. West and W. Clarke, E. L. M. Wallis, and P. Biuet. N. Uschinsky mid ilnih the 
poisonous action is not due to the formation of a sulphonut/aJiaunogloblu, and 

0. Pohl attributed it to the gas uniting with the alkali of the blood, forining alkali 
sulphides, but H. W, Haggard disproved this hypothesis. S. .Kaufman n and 

1. Rosenthal attributed the action of hydrogen sulphide to hc^ such as i*t> rc\sult in 
oxygen-hunger, and compared hydrogen sulphide poisoning with Buflocalioa ; but 
F. Hoppe-Seyler showed that this explanation is incomplct(.n because it docs not 
explain the action of the gas on the nervous system. 
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§ 10. The Polysulphides of Hydrogen 


la 1777, C. W. Scheele,! during his work on tlio plilogistafi(*4iiioii o£ Rulphnt, 
discovered a polysulphide of hydrogen. He said : 

If you pour into a solution of sulphur in alkali a groat di^al of acid a.!. oru^(b a Binall 
quantity of stinkm de Lujt — i.e, hydrogen sulphide — is involved, and you may obHorvo in 
this mixture a 3md of tbin oil; however, the oil remains not lluid always, but grown 
thick and hard in the open air. It seems that the excoHH of acid irnmculialtciy HoizoH upon 
the alkali ; and since in that case no decomposition, or at least a veay ]>ar( iai oiu^, of th<^ 
sulphur is possible, the heat obtains too small a quantity of pblogiHion lo oxparul tluj heavy 
sulphur into an. airy vapour ; a beginning only being ma<lo by loruu’ng o-u oil. 


C. L. Bertiollefc then examined the oily li(j[iiid obtained by tlie acjtion of acids 
on the polysulphides of the alkalies and alkaline earths, ancl eon(iliulc‘,{l. tliat its 
composition is H2S5. J. J. Berzelitis regarded it as at leaHt a poni^wulidudc or a 
sM higher proportion of sulphur. L. J . Th4nard obtaiutHl it both as a light, eXhereal 
OIL and as a heavy, viscid oil. The difference was attrihutcxl to t!i(^, lat-i(‘r (jontaining 
a Mgher proportion of sulphur. He considered, by analogy wMi liydrogoii ])eroxide 
winch he discovered in 1818, that the light,' ethereal oil had a similar (M)inposition, 
hydrogen persulphide, H2S2. The oily liquid thus to be 
call^ hy^ogen persulphide, although a score of names had been prcn-ioiusly applied 
w m analyses of the heavy oil varied from II0S7 

A. W. Hofmann prepared a complex salt with strychnine, but 

/n composition was better rcprcsentiKl by the formula 

(021^21^2)2.3286. Compounds of H2Se with brucine, (C23H2604N2)2'H2Se, and 
with benzylanune (C7H7N)2.H2S6, were also prepared by E. Schmidt, and (1 Bruni 
a P^®P^red a compound with brucine, 

iL^tl26C4^2)2-B!ib8.2H20. H. Brunner and V. Vuillellmier obtained complexes 
with bemaldehyde, (OeH5COH)H2Ss ; with anisic aldehyde, {OaH40.()H300H)H.A ; 
with oimiamo aldehyde. (C^HsOH^Si: aad with beuzo^iiiinonc, (CekOail^SB. 
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W. Ramsay’s analyses ranged from H2S7 to H2S10. P. Sabatier obtained from 
calcium poiysulpMdc and bydrochloric acid an oil with a composition ranging 
between H2S(5 and H2S10 j when the oil was distilled in Tacuo, the product 
had the composition H4S4. H. Eebs obtained from sodium di-, tri-, tetra-, and 
penta -sulphide, as well as from the polysulphides of potassium and harium, by 
treatment with wcll-cooled hydrochloric acid, an oil which in all cases had the com' 
position H2S5. This statement was not con&med by I. Bloch and P. Hohu. The 
attempt by G. Bruiii and A. Borgo to determine the mol. wt. from the effect of 
the persulphide on the f.p. of broinofonn was shown by E. Paterno to be unreliable. 
The properties of the persulphide were examined by J. Yon Liebig, G. Kemp, 
R. Bunsen, C. F. Schonbein, P. Sabatier, and B. Drechsel. 

Hydrogen persulphide is made by pouring a soln. of the polysulphide into 
hydrochloric acid ; if this operation be reversed, no persulphide is formed, but the 
salt is decomposed : CaS5+2HCl=CaCl2+H2S-f4S. M. Berthelot said that it 
is best to employ an alkali polysulphide prepared by saturating a soln. of the normal 
sulphide with hydrogen sulphide with the air excluded so as to avoid the formation 
of thiosulphate which is decomposed by the acid with sulphur, etc. 0. von Deines 
obtained hydrogen persulphide by reducing sulphur dioxide — gaseous or in aq. 
soln. — with hypopliosphorous acid and extracting the product with ether. The 
sulphur dissolves in the hydrogen persulphide. 0. von Deines explained the 
production of hydrogen persulphide by the action of SiV-HCl on a soln. of sodium 
thiosulphate by assuming that sulphoxylic acid is formed as an intermediate 
product : H2S203=S0+H2S02, and that this reduces the sulphur dioxide which 
is also formed : H2S203=S02+H2S-[-0. Precipitated white sulphur is said to 
contain some hydrogen persulphide. The preparation of the polysulphide, and of 
hydrogen persulphide was described by J. J. Berzelius, L. J. Thenard, F. Hohn, 
I. Bloch and F. Hohn, etc. A. W. Hofmann, and E. Schmidt mixed ammonium 
polysulphide with a cold, saturated soln. of strychnine in alcohol ; and treated the 
crystalline product with cone, sulphuric acid. The composition of the oil corre- 
sponded with H2S3. 

What is here called hydrogen persulphide is doubtless a mixture. Hydrogen 
persulphide is a yellow, oily liquid, which, according to L. J. Thenard, is mobile if it 
contains a small proportion of sulphur, and viscid if it contains a large proportion. 
It has a peculiar, sulphurous, disagreeable odour, and irritates the eyes and nose ; 
it tastes sweet and hitter ; and imparts a white colour to the tongue and saliva. 
A few drops placed on the skin of the arm, alter and decolorize it. At the moment 
of its formation, the liquid bleaches litmus. G. F. Schonbein also found that it 
bleaches litmus and indigo. The colour is restored by oxidizing agents — ozone, 
chlorine, bromine, iodine, potassium permanganate, ozonides, hydrogen dioxide, 
etc. — ^by metallic salts — copper, manganese, nickel, and ferrous sulphates — and by 
phosphoric and arsenic acids ; nitric and sulphuric acids act very slightly in the 
same way, and hydrochloric acid does not act at all. L. J. Thenard gave 1-769 fox 
the sp. gr., and H. Rebs, 1-71 at 15®. P. Sabatier said that it can be distilled 
between 60° and 85® at a press, of 40 to 100 mm. A brilliant, pale yellow, limpid 
liquid distillate is produced which has a very irritating odour. The composition 
approaches H2S5. The heat of formationis H2SgasH“(n““l)Sga3=HoS:^-~-5-3 Cals. ; or 
H2^"9^Ssolid==H2S^— 0-7 Cal., when n==6 to 10. E. Becquerel gave 1*8850 for the 
index of refraction ; and 1-743 for the magnetic rotation of the plane of polarized 
light. 

L. J. Thenard said that when hydrogen persulphide is ignited by the flame of a 
candle, it burns with a blue flame. When the oxide of gold or silver is placed in 
contact with the liquid persulphide, it becomes red-hot, and the oxide is reduced to 
metal ; hut J. von Liebig said that silver oxide is converted into sulphide. Accord- 
ing to L. J. Thenard, if the acid be left to itself for a few days, it is resolved into 
hydrogen sulphide and sulphur, so that the liquid becomes more and more viscid, 
and ultimately solid. The decomposition is rapid at 60®, and still more so at 100®, 
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?. Sabatier found that stability of the persulphide i.s iiKUH^jused by ilu^ piTHonco of 
dissolved sulphur or hydrogen sulphide. Its do.coiupositicui is by light. 

Certain substances have no appreciable jud ioii ow it. Anuingsl. dry air, 

dry hydrogen, and cone, acids. Ofclicrs, iiudiidiug {‘,nrl)()n^ bisulphide, and 

similar hydrocarhons, paraffins, and clilorofonn, Hiinpl}' dissolvi* it ; whilst others, 
such as iodine, bromine, and potassium ])ennaiigjuiat(\ a,<‘t on sulphur or 
hydrogen sulphide dissolved by the persulphide, and iJiiis dinjiuish its si-ability. 
Many substances which decompose the pcrsuiphid(u sucdi u-s ji-lkaJi(\s, water, alcohols, 

and ethers, appear to form with it highly unstable iiii-(‘nno(lia{-e c-oiupoiuuis. 
1. J. Thenard found that the decomposition of tdu^ pcuvsulplhub' is luon^. rapid at 
100° than it is at 60“" ; while G. Kemp, and J. vou liiebig shovnal iha-t (Wiui when 
sealed up in a glass tube for 3 weeks, it forms trausi^arenl, sulphur, ujul (‘olourloas 
liquid hydrogen sulphide. R Bunsen said that tbo docoiiopoHii-ion in a siuihul tube 
occurs only when moisture is present; and if a iitile calcium chlori<l(^ l)t‘. present 
the liquid may be preserved without decomposition ; but; with timely divided cal- 
cium chloride, J. von Liebig said that hydrogen persulphide, frcpihs up violcuit-ly and 
soon solidifies ; effloresced sodium sulphate acts mor(i slowly, but^ t,lu', (‘.rystiuls of the 
hydrate do not act at all. J. J. Berzelius showed tihat acids himb'r or pn^went the 
decomposition, while the decomposition was shown by ,L, J. Tin' ruin I, atid J. von 
Liebig to be accelerated by finely-divided charc<»al, silicui, {>yroIusiti(*-, kuuinos- 
mineral, galena, gold sulphide, gold, platinum, and otlu-U’ nndials ; hut sugar, starch, 
and lignine exert a feehle action in hastening the decomposit^ii nu 1 \ > l.assi u r n ‘[xuita- 
sulphide either in soln.or difased in water causes a very violent evolution of hy<lrogeii 
sulphide,* and a sudden precipitation of sulphur; and an abiobolic Hoirn of liver 


of sulphur decomposes the persulphide without the evolulion of gas. A (‘-(‘ording to 
J. J. Berzelius, and L. J. Thenard, the decomposition of tlio [HM'sulphidc. in favoured 
by powdered hydroiddes of potassium, the alkaUn<‘. earths, and nuigut^sia, atid also 
by an aq. soln. of ammonia or potassium hydroxidij. It in ponsibh^ Gmt these 
substances act by first forming sulphides. With a small proport ion of pot-ashdye, 
hydrogen persulphide gives ofi hy^ogen sulphide, and witli an t'X( 5 CHH of alkali it 
at once forms spongy sulphur. P. Sabatier said that the rapid d<u?oinpoHi(iion by 
alkalies is probably due to the formation of an unstable inho’nnxliato alkali Hulpbidc. 
E. Biechsel represented the reaction with an alcoholic Holn, of potasHiuin sulphide : 
2KSH+H2S5=K2S5+2H2S. According to L. J. TlnSnard, watisr rcinov(‘s hydrogen 
sulphide from the persulphide and becomes turbid ; alcohol acta siruilai’ly, whih^ 
ether dissolves it at fiirst, but soon deposits acicular crystals of sulphur. E. Drechsel 
said that the persulphide is insoluble in water, alcohol, ether, benzmnj, and chloro- 
form ; and is decomposed by nitrobenzene and aniline. F, Sabalic.r said that a 
n^ure of ether and hydrogen persulphide deposits nacreous sulphur in a short 
time ; ethyl acetate, and ethyl or amyl alcohol act slowly ; and hydrocarbone, and 
derivatives of chloroform do not give this reaction. For the observations of 
E. Schmidt, G. Bruni and A. Borgo, and H. Brunner and V. Viiillelhnicr, on the 
com^plex salts with hydrogen sulphide, vide mfra. P. Bohn, and I. Bloch and co- 
workers observed that aldehydes react with the persulphidc'^-^s.^f boMaldehydo, and 
salicylaldehyde— forming thiocarbonic acids ; I Bloch and M. Borgmann found that 
with aromahe acid chlorides, acyl disulphides are formed. J. Dodiioll and H. Medox 
lomd ttat dimethylaniline causes a vigorous decomposition of hydrogen disulphide 
mto nydrogen sulphide and sg,lphux. Tiiethylphosphine and triethylarsino afioid 

^ phosphorus trichloride in benzene the disul- 
^ ® J P^^^^^hiochloride, phosphorus pentasulphide, hydrogen chloride, 

and a htble hydrogen sulphide. It appears probable that the compound POlaiSH)^ 

immaily and that a similarity in constitution exists between hydrogen 
disulphide and hydrogen dioxide. 

rr. persulphides was worked out by T. Bloch and 

japers: VAer Wmersloffjxfrmdfid. in 1908. 

7 8 sodium sulphide with Yarying amounts of sulphur in an atmosphere of 
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hydrogen for three hours on the water-bath and dissolving the products in water, 
solutes of the composition Na 2 S 2 , Na 2 S 3 , Na 2 S 4 , and ISTaaSs, are produced. When 
the soln, are allowed to flow into mixtures of equal parts of ice and hydrochloric 
acid (D ld9) cooled in a freezing mixture, crude hydrogen persulphide is obtained as 
a yellow, oily liquid with the odour of sulphur chloride and camphor. It is decom- 
posed instantaneously by alkalies, and therefore it is essential that all apparatus 
used in the preparation should be washed with an acid. The oil can be kept for an 
hour without visible decomposition. Water decomposes it, but dil. acids, particu- 
larly hydrochloric acid, act as preservatives. A criterion of purity is the fact that 
the freshly prepared persulphide yields a clear soln. in benzene. Alcohols, ether, 
ethyl acetate, and acetone decomposes the oil more or less rapidly, whilst with 
aldehydes and ketones condensation occurs, yielding substanc'es rich in sulphur. 
The crude oil is then to be Iractionally distilled under reduced press., say, 20-25 
mm. The distillation is conducted in an apparatus, Rig. 40, in which large quanti- 
ties can be operated upon in small portions at a time, and the residue from an opera- 
tion can be recovered after each distillation without disconnecting the apparatus. By 
using quartz vessels wherever possible, J. H, Walton and L. B. Parsons increased 



3?ig. 40. — ^The Preparation of Hydrogen Bi- and Tri-sulphides. 


the yields, by lessening tbe tendency for the polysulphide to decompose. The 
flask A, of 300 c.c. capacity, immersed in the glycerol bath K, is connected through 
the condenser with B (150 c.c.), which is attached to the strongly-cooled vessel 0 — 
say by solid carbon dioxide and ether. By means of a tube reaching to the bottom, 
A is connected with the U-tube F. Between H and the water-pump are vessels 
containing soda-lime and calcium chloride, and a manometer. The flask A can be 
connected with the pump either through B and C by means of tbe stopcock a, or 
through F by the stopcock 5. To prevent the deposition of sulphur during tho 
distillation, dry hydrogen chloride should be passed through the apparatus before 
it is evacuated. To carry out the distillation, the bath K is raised to 110'^~'125'^, 
and the apparatus evacuated to about 20 mm., a being open and h closed. From 
tbe dropping funnel D, about lj5 c.c. of crude hydrogen persulphide is run slowly 
into .dt. Distillation commences ; when it becomes irregular, a is closed and h 
opened, whereby the residue in A is drawn over into F. The distillation is then 
continued by closing 5, opening a, and introducing another 15 c.c. of hydrogen per- 
sulphide into A from ID. The liquid collecting in B is mainly hydrogen trisulphide, 
whilst the more volatile disulphide is found in C, 

The crude hydrogen persulphide is separated into three fractions; the more 
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Tolatile one collecting in. C, Fig. 40, contains hydrogen disulphide, II It forms 
an almost colourless liq^uid as mobile as water. Its odour is more penetrating and 
aggressive than that of the trisulphide. The disulphide can be distilled with 
partial decomposition, at ordinary press., the chief fraction passes ovm* at 74:‘'-75°. 
The sp. gr. is 1*376 at 15°. The disulphide docs not freeze in a mixture of solid 
carbon dioxide and ether, and J. H. Walton and L. B. rarsoiis found that it shows no 
sharp solidification temp, when cooled, but itsm.p. is between -- 88 and — 90® ; and 
its b.p. is 74-5°. I. Bloch and F. Hohn gave 74^-75® for the b.p,, and added that the 
disulphide resembles the trisulphide in many respects, but it is more sensitive to 
sola, of the alkalies. 

The oil vrhich collects in receiver B during the distillation of crude hydrogen 
persulphide is hydrogen trisulphide, H2S3, a yellow oily liquid rather more mobile 
than olive oil. B. Schenck and V. Falcko found, that the analyses and moL wt. 
agree with H2S3. According to I. Bloch and B. Hohn, hydrogen trisulphido has 
a disagreeable odour, recalling that of sulphur monochloride and camphor. The 
vapour irritates the eyes and mucous membranes of the nose slarh. As in the 
case of ordinary sulphur, the yellow colour disappears when the trisulphidc is cooled. 
Its sp. gr. is 1*496 at 15®. It freezes between —53® and — 54® to a: crystalline solid 
which melts to a colourless liquid between —52® and —53®, This temp, was confirmed 
by J. H. Walton and L. B . Parsons. On cooling to — 78®, the trisulphide became more 
and more \dscoiis, like glass until it solidified. Attempts to distil the trisulphido at 
ordinary temp, wore not successful ; . but when distilled under reduced press,, 
100 c.c. of the trisulphide furnished about 15 c.c. of disulphide, and LO c.c. of residue ; 
the remainder was collected as trisulphido. R. Schenck and V. Falcko gave 43®-50® 
for the b.p. at 4*5 mm. press. I. Bloch and F. Hohn found that when the trisulphide 
is warmed in a test-tube it darkens in colour, and becomes more and more viscid, 
and at about 90® there is a copious evolution of hydrogen sulphide ; some dro]?8 of a 
distillate collect in the upper part of the tube. When the trisulphido has stood for 
about a day in darkness, it seems to have undergone no change, but after standing a 
longer time it decomposes with the separation of rhombic sulphur. It decomposes 
more quickly in light. When the liquid is shaken in a test-tube, bubbles of hydrogen 
sulphide are set free, and rhombic sulphur is precipitated. J, H. Walton and 
L. B. Parsons observed that when the trisulphide is kept in a sealed tube under 
ordinary laboratorj' conditions, at the end of 3 days small crystals of sxilphur began 
to appear, while at the end of 5 days there were two liquid layers noticeable, the one 
heavy and viscous, the other light, mobile, and colourless, presumably hydrogen 
sulphide. There were large crystals of sulphur in the tube. After 2 days more, 
the viscous layer had completely disappeared, and the tube contained only several 
large rhombic crystals of sulphur and liquid hydrogen sulphide, with possibly dis- 
solved persulphide. The trisulphide inflames more easily than the crude persulphide, 
and it burns with a blue flame. R. Schenck and V. Falcke gave 1*70 for the index of 
refraction with D-light. 

The chemical characters of the trisulphide are chiefly reducing and sulphurizing, 
but it also acts as an oxidizing agent. J. H. Walton and L. B. Parsons said that the 
trisulphide is soluble in benzene, toluene, chloroform, carbon disulphide, ether, and 
heptanes, while alcohols, ketones, anihne, nitrobenzene, and pyridine decompose 
it catalytically ; 1. Bloch and F. Hohn observed that the decomposition with ethyl 
alcohol is rapid, and with amyl alcohol, explosively violent. Both the di- and tri- 
sulphides dissolve in alcohol containing some hydrogen chloride, forming a clear 
soln. which decomposes rapidly with the evolution of hydrogen sulphide, and the 
separati on of white amorphous sulphur. When the trisulphide is treated with water 
or hydrochloric acid, the liquid slowly decomposes, becoming turbid owing to the 
separation of white, amorphous sulphur. Alkali-lye rapidly decomposes the 
tr^nlphide ; coric. sulphmic acid reacts but slowly with the trisulphide, rapidly 
with the disulphide, forming white, amorphous sulphur and some sulphur dioxide. 
In ethereal soln., J. H. Walton and L. B. Parsons concluded that the behaviour is 
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very like that of hydrogen sulphide-copper oleate gave a reddish'-hrown colloidal 
precipitate ; ferric chloride, a white precipitate which redissolved in excess ; 
stannic iodide, a buff precipitate ; silver nitrate, no change ; and mercuric bromide, 
a yellow precipitate ; silver oxide, copper oxide, lead dioxide, and mercuric oxide 
caused a violent decomposition of the trisulphidc ; the heat evolved was sufficient 
to ignite the persulphide. Lead oxide, stannic oxide, and magnetite brought about 
a violent decomposition of the trisulphide. Arsenioiis oxide, arsenic oxide, ferric 
oxide, zinc oxide, barium peroxide, and manganese dioxide caused only a slow 
decomposition. The oxidizing agents potassium permanganate and potassium 
dicliromate were found to decompose the trisulphide rapidly. The ]3ermanganate 
generated sufficient heat to ignite the jDcrsulphide. The sulphates of ferrous iron, 
aluminium, nickel, zinc, and manganese gave a very slow decomposition of the 
trisulphidc. Anhydrous copper sulphate, however, decomposed the trisulphide 
rapidly, the whole mixture turning dark. The nitrate of alnminium gave only a 
slow decomposition, while the nitrates of lead, silver, and copper caused a rapid 
decomposition of the persulphide. Ferric nitrate behaved in a peculiar manner ; 
for a time no visible decomposition took place, and then suddenly an increasingly 
violent reaction began, as if it were an autocatalytic effect. The chlorides of manga- 
nese, sodium, cadmium, ammonium, and lead decomposed the trisulphide only 
slowly. The chloride of antimony dissolved with the 
consequent decomposition of the trisulphidc. The 
chlorides of copper and lead turned dark with accom- 
panying decomposition of the trisulphide. The acetate, 
bromide, and oleate of copper decomposed the tn 
sulphide, rapidly turning dark at the same time. 

Antimony tridodide dissolved in the persulphide. The 
mixture turned red and decomposed. Massive metals 
did not decompose the persulphide rapidly. They 
became coated with the sulphide of the metal and 
the reaction ceased. Powdered arsenic, antimony 
and zinc and iron, however, brought about rapid 
decomposition. It was found that the persulphide was 
not decomposed by finely ground quartz which had 
been washed with hydrochloric acid and carefully 
dried. Neither did boric oxide nor phosphorus pent- 
oxide bring about decomposition. It is to be noted that all copper salts decom- 
pose the persulphide as do most lead salts. The trisulphide did not dissolve 
either copper sulphide or arsenic trisulphidc. G. Bruni and A. Borgo state 
that hydrogen sulphide is insoluble in the persulphides ; but J. H. Walton and 
L. B. Parsons said that the trisulphide dissolves in liquid hydrogen sulphid(^, 
forming a liquid which has a pale, straw-yellow colour at room temp. In 5 days 
crystals of rhombic sulphur separated from the soln., but there was no separation 
into two liquid layers as was the case when the trisulphide alone was confined in a 
sealed tube xinder similar conditions. I. Bloch and F. Hohn said that hydrogen 
trisulphidc dissolves much sulphur at ordinary temp., and the sulphur is precipitated 
from the soln, when benzene is added, J. H. Walton and L. B. Parsons found that, 
at 17 ‘^”20’^, sulphur dissolved until the hydrogen sulphide content of the system 
was 8 to 9 per ceiit. J. H. Walton and E. L. Whitford found the solubility of sulphur 
in hydrogen persul])hi(le —reckoned as per cent, of sulphur not evolved as hydrogen 
sulphide — to be : 

55-3" 35 r 17-92« 0 05'" -1-45'* --3'75" -34-72® 

Sulphur . . 02 -m S 946 86-77 S 2-97 82-50 80-71 71-18 53-56 

When the data are plotted. Fig. 41, there is a break in the solubility curve near to 
— 1-45® corresponding very closely with hydrogen hexasulphide, H 2 Se. This is 
taken to m(*an that at —1*45®, the liquid phase is hydrogen hexasulphide, 

No other breaks were observed. The hexasulphide is stable below — 1*45, but 
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decomxDoses rapidly at Bighex temp. The instability of the hydrogen lu‘,xasulpliide 
above —1*45° explains the necessity fox keeping the reaction mixtnro cold when 
preparing the yellow oil The tetrasulphide of hydrogen has not been definitely 
isolated. H. Mills and P. L. Robinson observed that hydrogen pentasnlphide* 
H2S5, is produced when ammonium pentasulphidc* is treated wiili anhydrous 
formic acid. The sp. gr. at is 1*67. 

The persulphides recall the polyiodides. The organic persulphides arc not so 
readily formed or so stable as the organic periodides, while the reverse appears to he 
the case with the inorganic per-salts. The element sulphur surpasses iodine in its 
capacity for forming polyatomic molecules, and this comparison also holds good 
for the hydrogen compounds. Hydrogen persnlphides arc well-defined compounds, 
hut corresponding polyiodides are unknown — the hydrogen diiodtde of the earlier 
textbooks is no longer considered a chemical individual According to A, Geuther, 
the constitution of the polysulphides can he explained on the assumption that 
sulphur is bivalent, and that hydrogen is tervalent in the disulphidt^^ JIS— H:=S ; 
and in the trisulphide tervalent S==H — S — H=S, or quinquevalent, S— H ; 

and quinquevalent in the tetrasulphide, S2=H— S—H— -S ; and in the penta- 
sulphide S2^H*“S“-H^S2. This hypothesis, however, has no supj)ortcrs. 
E. Rrechsel supposed that hydrogen pentasulphide has a sexivalont siilphur atom, 
S2=S=(HS)2, analogous to sulphuric acid, 02^S=(0H)2 ; and, just as sulphuric 
acid may be regarded as the hy^ate of sulphur trioxide, so may hydrogen ponta- 
sulphide he regarded as the hydrate of the S4-molecule. R. Bottger also assumed 
that because sodium pentasulphide is converted into lead sulphide and Bodinm 
thiosulphate when the aq. soln. is boiled with lead hydroxide, it is not to he regarded 
as Na2S04 with the oxygen replaced by sulphur ; and A. Gcuthcr raised a similar 
objection from his study of the action of silver oxide on iinely divided sulphur. 
V, Strecker obtained methyl trisulphide, (CH3)2S3, by the action of methyl sulphate 
on alcoholic soln. of sodium penta-, tetra-, or tri-sulphide. It is possible that methyl 
tetra- and penta-sulphides are first formed, and decompose on distillation into the 
trisulphide. These compounds were previously studied by A. Cahours, and 
P. Klason. P. Jones also regarded sodium pentasulphide, Na2S5, as a totrathio- 
sulphate, S.S4Na2, a view favoured by the ease with which it can be converted into 
the monothiosuJphate, Na2S203, and thence to the sulphate Na2S04. W. Spring 
and J . D4raarteau* showed that while the polysulphides behave in accord with the 
general formula HoS.S^, their reactions with the alkyl sulphides are best explained 
by assumng that they possess the formula 11282.8^., in which two sulphur atoms 
play a role in the molecule different from the remainder. They consider the higher 
polysulphides to be merely soln. of sulphur in the disulphides. P. W. Kiister and 
E. Heberlein replied that if this be true, all the polysulphidcs being essentially 
salts of hydrogen disulphide, should be hydrolyzed in soln. to the same extent, for 
the hydrolysis could not be influenced by the mere physical solution of sulphur. 
They consider that the constitutions of the polysulphides and the polyiodides arc 
analogous, and since it is generally recognized that the latter compounds are best 
represented by the formula RI.I„, they conclude that the constitution of the poly- 
sulphides is best expressed by the formula R2S.S,^. They regarded the polysulpMdes 
as salts of complex sulphohydrosulphuric acids: ; 

B[2=S=S=:S=S ; etc. J. S. Thomas and A. Rule added that their study of the 
polysulphides favours the view that in the polysulphide molecule two atoms of 
sulphur are in a different state of combination from the remainder. They suggest 
that the disulphides should be regarded as being derived from the form of hydrogen 
(bisulphide analogous to the tautomeric form of hydrogen dioxide. They would 
thus possess the formula R.S.S.R, Prom this substance, the higher polysulphides 
are obtained, not by soln. of sulphur, but by further comhination. Thus : 

E~S=:S . R--S==S 

R— S R--S=S 

Trisulphide Tetrasulphide 
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According to D. I. Mendeleefi : 

Th.0 formation of the polysiilpMdes of liytlrogvn, iJ easily understood from tlio 

law of substitution, like that of the saturated hydrocarbons. CMlo,, ■■ o, knowingthat sulphur 
gives If 2^ and carbon CII4, because the molecule ol sulphuretted iiN'drogen may be divided 
into H and H8. Idiis radicle, US, is equivalent to H. But substituting this radicle for 
hydrogen in H^S wo obtain (HS)HS — H2S2, (HS)fH!3)S=H2S3, etc., in general II3S,,. The 
homologues of CH4, C„H2 „h- 2 are thus formed from CH4, and consequently the poly- 
sulphides H2 S,i are the homologues of H2S. The question arises why m the apparent 

limit of n is 5 — that is, why does the substitution end with the formation of KoSj-, Tho 
answer appears to me to be clearly because in the molecule of sulphur, S^, there are six 
atoms. The forces in one and the other case are the same. In the one case they hold 
S4 together, in the other S5 and Ho ; and, judging from HoS, the tw^o atoms of hydrogen 
are equal in power and significance to the atom of sulphur. Just as hydrogen peroxide, 
H2O2, expresses the composition of ozone, O3, in which O is replaced by Ho, so also 
corresponds with Sg. 

Tills hypothesis is favoured by J. J. Blanksma, who represented the sodium 
polysulphides by the formuljB Na.S.S.Na ; Na.S.S.S.Na ; Na.S.S.S.S.Na ; and 
hTa.S.S.S.S.S.lSra ; and also by I. Bloch. I. Bloch also Said that the change of 
colour with change of temp, is possibly explained by an intramolecular change 
H2 : S : S^HS ] SH, analogous with the keto-enol taiitomerism : H2 : C : O 
=?=^H.C : C.OH. H. Henstock discussed the electronic structure of hydrogen 
disulphide. 
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§ 11 . Sulphoxylic Acid and the Lower Acids of Sulphur 

When ethyl sulphide, (C2H5)2S, is treated with nitric acid, it is oxidized to the 
so-called ethyl sidphoxide» (C2H5)2SO, and to ethyl sulphone, (C2H5)2S02. 
Similarly also with methyl sulphoxide, (CH3)2SO, which is also formed when silver 
oxide acts on methyl sulphobromide, (CH3)2SBr2. B. Fromm, and J. de Seixas 
Palma ^ attempted to prepare the so-called sulphur hydrate, or hydrogen snlphoxide, 
S.H2O, the h3rpothetical parent of the organic sulphoxides. If hydrogen sulphoxide 
has a bivalent sulphur atom, it will be constituted HO.S.H ; and if it has a <juadri- 
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valent sulphur atom, lH. IVoniHL and J . do btixas 1 iilnui [oiirui fduxt the 

action of thioiiyl ciloride on zinc-dust leads to tlio foriuatiou of zinc cdiloritU;, siilpliur 
dioxide, and sulpliur ; a siilplioxicle is not fonn<‘d by t!i<' niixcHl products 

witii benzyl chloride. Benzyl disulphide, sulj3liide, and TioTinipl un Uiix'. fornuMl by the 
action of benzyl chloride on the product ol tiu* oxiiiatiou ol sodiinu sulpbidc by 
hydrogen dioxide, and some sodium sulphide is oxidized to <>nly a small extent 
yielding sodium sulphate. Tlie action of sulphur on ]>oin,ssiiim hydroxide and 
treatment of the yiroduct \^ith benzyl chloride leads to the forinai-iori of tliiolunizoic 
and benzoic acids together with a small amount of benzyl di.sul pliidi^. Tliiobctizoic 
acid is oxidized to benzoyl disulphide by potassimn ferricyaiiido in alkaline soln. 

No success has attended the ehort to make sulphur luonoxidc, SO, the oxide 
analogous to hydrogen sulphide, SHo. H. Staudinger and W. Kr(‘iH tritid unsuccess- 
fully to prepare it by suddenly chilling the -vapour of iliionyl <5hlorid(’; or bromide 
from 1000 ° to — 190 °. I. Vogel and J. K. Partington tri(ul lo make it by beating 
sulphur sesquioxide to 95 ° an vacuo. Derivatives ar(i known. Por itisiaiice, 
ethyl sulphone, (62115)2802, is obtained from the ethyl Hulplioxi<le l)y iJn‘ action 
of nitric acid, or potassium permanganate ; and also by tlu^ ;u*tiou of <‘ihyl iodide 
on potassium ethyl sulphinic acid, K((.bH5)S02. The compound imdis at- 70 ° and 
boils at 248 ° ; similarly with methyl suiphone, (014)2802,^ whiih tn<dts a,t; 1()<]° 
and boils at 238 °. Accoidiug to E. Fromm and J. dc 8(7 xas kalma, ziiut-dust 
reacts with sulphuryl chloride in ethereal sola., forming zitu'. eJiloride and zinc 
sulphoxylate, or zinc suiphone, ZnS02, which is conv(wt.(Hl in(,o dibenzylsulphoue, 
(C6H5.CB[2)2802, by treatment with benzyl chlornlc and a 10 [mu* (unit.. soJn. of sodium 
hydroxide; benzylsulphonic acid is not formed, as would b(‘. the, case were tli(^ 
product of the sulphuryl chloride reaction zinc hyposulj)hit(^‘ Tlu' syrupy product 
obtained by evaporating the ethereal soln. of the sulp]ioxylat(^ (’(mIucch iudigotin. 
According to L. Baumann and co-workers, when a soln. of sodium by])<)Hulpliite 
m 40 per cent, formaldehyde is cooled, it deposits a crysialliiui [>n>du(h which 
can be separated by fractional crystallization frota dil. alcohol into (‘(jual parts of 
sodium formaldehyde hydrosulphite, NaHSO^.ClLO.IJoO, and sodium 
formaldeliydehydrosxilphoxylate, NaHSO2.GH2O.2H2O, Tlui la(t;m' compound 
separates from water in large, transparent, monoclinic jjriHinH, nudi.s at^ 
begins to lose water of crystallization at 120 °, at 125 ® evolves fornialdcduychj and 
hydrogen sulphide, and finally leaves a residue of sodium sulphide. Mimu'ul acids 
decompose it with the formation of sulphur and ]iydrog(m Kulp1u(l<^ ; alkalies 
regenerate sodium hyposulphite and formaldehyde, axul sodium hydroxide followed 
by ammonia soln. furnishes disodium hypos ulpbicic and lu^xuniciliyhnndjcdraiuiao. 
Lead formaldehyde hydrosulphoxylate is insoluble in water, but- (IiKHolv(\s in dil 


nitric or in acetic acid to form a strongly reducing soln. Tlu', <‘.oin|)ound can be 
employed as a reducing agent when warmedin presence of al kali< ‘,h or sod iu m h yd rogcu 
sulphite and, in these circumstances, gives good results in th<5 convijrsiou of nit-ro- 
derivatives into the corresponding amines. According to K. Jtidnking and co- 
workers, when the colourless crystals prepared by tlic iuteracf.ion of formaldehyde, 
sodium hydrosulphite, and ammonia, are reduced witli zinc-dust atul acudic acid, 
zinc aminomethylsulphoxylate, (NH2.CH2.0.SO).Zn, is formed. 

L Vogel and J. E. Partington obtained sodium etliyl sulphoxylate, Na(C2ll5)S02, 
by the actiiui of soium ethoxide on sulpjhur sesquioxidc ; ancl when this is 
hydrolyzed, by allowing it to stand in contact with its motiuir-liquid ovcrniglit, 
somum sulphoxylate, N'a2S02, is formed. This salt is inodexatcdy solubhi in cold 
and more soluble in hot water and sparingly soluble in alcohol It in practically 
unattacked by boiling cone, hydrochloric and sulphuric acids, but is attacked by a 
hot mixture of fuming nitric acid and bromine. The aq. soln. give-s a yellow colora- 
tion with ferric chloride soln. On exposure to air, the white solid becomes 
assumed that the reactions are: S^Og^SO+SO^ ; 
bO-hG2H50Na-Na(C3H5)SO2; and Na(C2H5)SO2+Na0H-»Na2SOo+02H5OH. 
borne of tie sulphur monoxide or sesquioxide may react : SO 4 - 2802 - lC.H50Na 
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=:Na(CoH5)S306 ; or SoO^-hSOs-f C2ll50Na--Kii(CoH5)S306 ; and suiue penta- 
thionatc may be formed by the polymcrizatioii of ihe sulphur monoxide : 
5SO+aii50Nar-Na(CoH3)S50c,andNa(C\jH5)S50ed~lShxOir-(\HrUH+NaoS50r.; 
or 5Na2S30o'--~-Na_;S506-|-Na2S406d-3Na2SO.i l-oSOo- The iiltrate from ilu' sodium 
sulphoxylatc has a very unpleasant odour, and contains salts of trithionic, sulph- 
oxylic, and sulphuric acids, and also small quantities of pentatliionic and ]30ssibly 
tetrathionic acids. Tlic product of the reaction between sulphur sesqiiioxidc and 
sodium ethoxide has a strongly alkaline reaction, and under these conditions any 
tetrathionate and pentathionato which might be produced -would proba])ly ileeum- 
pose with the formation of sulphites and thiosulphates, but the absences of the latter 
indicates that very little, if any, of these substances are produced in tlie initial 
reaction, H. Bassett and R. G. Durrant said that the resistance of sodium siilpb- 
oxylate to attack by boiling cone, hydrochloric or sulphuric acid is highly 
improbable, and that the alleged sulphoxylate is more or less impure sodium sulphate, 
which is precipitated on adding sulphuric acid to a soln. of a sodium compound in 
absolute alcohol. 

A scries of salts of sulphinic acid can be obtained by oxidizing dry sodium 
inercaptide in air ; CoH5.SNa-|-20— CoHsSO^Na — sodium ethylsulphinate ; by 
the action of sulphur dioxide on zinc alkyl : (G2H5)Zn4-2SO2=’Zu(02tl5SO2)2 

—-zinc ethylsulphinate ; and when zinc acts on the chlorosulphonates : 
2C2H5S02CUh2Zn=ZnCl2+Zn(G2H5S02)2* According to E. Fromm and J. de 
Seixas Palma, when sodium hyposulphate reacts with benz^d chloride in 
a 50 per cent. soln. of sodium hydroxide at ordinary temp., sodium benzyl- 
sulphinate, Na(C(iH5.CH2)S02, is formed. This is converted into benzyl methyl 
sulplione, (CeH5.C'H2)(^Il3)S02, m.p. 127°, by boiling with methyl iodide. 
Similarly, lead benzylsulphinate, Pb(C7H7.S02)25 is obtained by reducing benzyl- 
sulphonyl chloride with zinc-dust and alcohol. Both the lead and sodium salts 
decolorize iodine, but not indigotin, and furnish sul|)hones when boiled with 
alkyl halides. 

M. Bazlen K'garded the compound of formaldehyde with sodium hypo- 
sulphite as sodium hydroxymethanesulphonate, wliich is formed along with sodium 
hydroxymethanesulphinate, thus showing that the salt suffers fission with the 
addition of water as in the case of the dithionates. Sodium hydroxyniethaiie- 
sulphinate reacts -with sodium hydrosulphito to form sodium hyposulpluto and 
formaldehyde. The free hydroxysulphonic acids 'are very unstable, while the 
hydroxysulphinic acids are stable. Hydroxymethanesulphinic acid is monobasic, 
whereas hydroxymethancsiilphonic acid forms two series of salts — HO.CH2-^02.B, 
and BO.CH2.SO2B. A. Binz’s diformaldehydesulphoxylic acid, S(0.CH2.0H)2, 
formed by the action of sodium formaldehydesulphoxylate, or ronqaliie, with 
formaldehyde and hydrochloric acid, ]S[a0.S.0.CH2.0H+HCl+CH20===NaCl 
+S(O.OH20H)2; is considered by M. Bazlen to be dihydroxymethylsulphone, 
since it readily loses a mol. of formaldehyde. M. Bazlen could not prepare 
the dibarium salt of hydroxymethanesulphinic acid reported to be obtained 
from the condensation product of sodium hydroxymethanesulphinate and mono- 
methylaniline. 

H. Bassett and B. G. Durrant consider the reaction ; 3S(OH)2^H2S"f 2H2SO3 
is improbable because it would be termolecular ; and it is more likely that dissimilar 
molecules are respectively oxidized and reduced. They suggest that in alkaline 
soln,, sulphoxylic acid forms the so-called anhydro-acid, disulphoxylic acid, 
HO.S.O.S.OH, or pyrosulphoxylic acid, 2S(OH)2^H20-l-HO.S.O.y.OH, since 
many weak acids form pyro-salts in alkaline soln. — e.(/, boric acid. It is suggested 
that the sulphoxylic acid is reduced, and the disulphoxylic acid oxidized to pyrO' 
sulphurous acid, HoSgOg, thus, in symbols : S(OH)2+HO.S,O.S.OH^H2S+H2t<205, 
The reversal of this reaction is the first step in Wackenroderts reaction — vide 
infra. Disulphoxylic acid is isomeric with thiosulphuric acid. The behaviour of 
formaldehydesulphoxylates with the metal salts, shows that in some cases, cjj. 
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witli arsenic trichloride, an increase in acidity hwours (he pnH'apiiation oi arsenic 
sulphide instead of arsenic formed wIkui free acid is prcHciii. In ofJicr (auses, e,g, 
witli sodium plumbite, an increase in alkalinity favours iJic forfuniioii of lead 
sulphide, while load is precipitated as the aikaliiul-y T1 h‘ rt', action 

B(0H)<i-fII0.S.0.S.0I-Mil28-l"Il2Bo05 would |)rooe<‘d from Rl(, to ri^a^lit with 
a considerable increase in hydrogen ions, for there, cau Im" litile doubt thud sulpli- 
osylic acid would he a very w^eak acid just as hypoidilorouM u,<*hl is, Alkali should 
therefore favour the change into sulphido ami sul|>lut(\^ which agrc<\M with the 
results of the plumhite experiments, lu aci<l sohi,, high acidity miglit h<‘. (‘xpected 
to favour formation of anhydrosulplioxylic acid at tdic mxptuwo of sulidioxylic acid, 
and this also would accelerate the change of the latl.i^r into hydrogen sulphhh^ and 
pyrosulphite. The effect of high acidity in favouring pr<s‘ipd4ition of aweuioua 
sulphide, rather than of free arsenic, would th<m be. ini<‘Higii>h‘. ^ 1 uc,rcas(^ in acidity 
would also tend to produce sulphur dioxide at the. expeust' of <‘dheT HtdphuiH>us 
or pyrosulphurous acid, and this also would hanUm the doc-omposidon of sul[)h<)xylic 
acid. The reaction : S(0H)2'+H2S^2S h2U2(> ocumrs with dcc-r<xiH<‘. of hydrogen 
ions, and so will he favoured by acidic comlitions. It is this iritiuxud ion of liydrogini 
sulphide and sulphoxylic acid which leads to i.lu^ dc(‘.omi)osil i<m <d‘ Hulphoxylio 
acid in acid soln. in absence of metals which ftuuu insoluldi^ sulphides. Such 
decomposition could be represented by the suitimaiiou equation, 28 ( 0 ! I ^‘^ILSOa 
+ S-fHoO. 

E. Bassett and E. G. Durrant in tlu^ir menu/ir : Thv J n{vrrela(i(>}iHhips of ih 
Sulphur Acids^ showed that when sulphoxylic acid m lih(U’at.(‘d hy liyclrolysLs from 
its association with formaldehyde, it decomposes into nulphurous ne-id and hydrogon 
sulphide. If the hydrolysis occurs in the preseiici* of a hmd, arHtniitx nuiimony, 
stannous, bismuth, cadmium, nickel, cobalt, or 2;inc salt, l.he, Hul])lud(!: of i,hc metal 
IS preciipitated. No acid, otW than that p)reB<‘.nt in t.lu* soln. owing to hydrolysis, 
must be added in the case of jzinc, nickel, or cobalt, othorwiso tins pnaupitatc of 
sulphide fails to appear; and very little must bo pnvsmrt in fJio of oadmium, 
Withsalts of silver, copper, andmerciiry, xeduciion i.o awtal otMuirs. 'TIuh may occur 
also with arsenic and probably with antimony or binmuth, mquHUjdly in absmice of 
much acid, whilst, conversely, a little sulphide may Ik* forttunl in tin* omo, of copper 
and silver in presence of much acid. Precisdy wliat luipj xum la Huc-h caatvs depends 
upon the relative rates of the oxidation of suiphoxyra? acid to HulphurouH acid or of 
its change into hydrogen sulphide and Bulphurous aidd, T'hcat^ raises art^ ivAoctod 
hy the cone, of reactants, acidity, and temp. In abmuici* of kShHh of Jicavy metals, 
the hydrogen sulphide acts upon the formaldehyde to soruit. c.xtcuii t.o yi(‘ld trithio- 
foimaldehyde, which appears as white crystals or oily<iropH, and is nuulily detecied 
hy its characteristic smell. The iroxmal interaction of hydrogc.n Hulpludo and sul- 
phurous acid leads to the formation of sulphur and p()lytliiuiu<; acicls. The acid 
hydrolysis of the foimaldehydesulphoxylate occurs raj)i(lly on boating, but is slow 
at the ordinary temp. ; the actual rate depends also upon the ao-ridity. TJic alkaline 
hydrolysis is extremely slow, but seems to follow a courso similar to that of the acid 
hydrolysis, ]^elding sulphide and sulphite. H. Bassett and B, (h Durrant found 
that the action of formaldehydesulphoxylate on sodium plumhite solu. is slow at 
the ordinary temp., hut more rapid on heating. A. mixture of metallic lead and lead 
sulphide is usuaEy formed, a high cone, of sulphoxylate and high alkalinity being 
most favourable to the precipitation of lead sulphide. The reduction to metallic 
lead is due to the sulphoxylate, and not to the formaldehyde. In jiresence of 
plumhite, it is the formation of insoluble lead sulphide which accelerates the 
hydrolpifi of the formaldehydesulphoxylate. Sulphur will produce a similar 
effect by converting the sulphite, formed on hydrolysis of the sulphoxylate, into 
thiosulphate. Thus it was found that, after an alkaline soln. of formaldehvdc- 
sulphoxylate had been boiled with sulphur and the polysulphide (much of which 
was, of course, due to alkaline hydrolysis of the sulphur) removed with lead acetate, 
tie sola, was no longer capable of bleacHng methylenc-bke. A similar alkaline 
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sulpLoxylate soln.^ after being boiled for the same length of time without sulphur, 
gave no precipitate with lead acetate and still had a strong bleaching action on 
niethylene-blue. On boiling an alkaline soln. of sodium hydrosnlphite to which 
sodium plumbite has been added, a greyish>blaok precipitate of lead sulphide and 
metallic lead is obtained. The same reaction occurs at the ordinary temp., but 
much more slowly. If the alkaline hydrosulphite soln. is boiled and then cooled 
to room temp, before the sodium plumbite is added, an immediate black precipitate 
appears which consists of pure lead sulphide if only small quantities of hydrosul- 
phite and plumbite are used in tbe experiment, H. Bassett and R. G. Durrant could 
find no positive evidence in support of the assumi)tion that sulphoxylic acid decom- 
poses : 2S(0H)2=H2S+H2S04^, and 2S(OH)2— H2S2O3+H2O. They added that 
if sulphoxylic acid could undergo either of these changes, alkali should promote the 
changes, since both would correspond to a considerable increase in hydrogen ion. 
No sulphate is produced when sodium formaldehydesulphoxylate is boiled with 
a soln. of sodium plumbite ; nor is any produced when sodium formaldehyde- 
sulphoxylate is hydrolyzed in acidic soln. either alone or in the presence of lead or 
arsenious salts. If the arsenious sulphide formed had resulted from the decom- 
position of the thiosulphate, large amounts of sulphate would have been produced. 
No change was observed when an alkaline soln. of sodium formaldehydesulphox^date 
was heated for a long time. If a cone. soln. of hyposulphite is added to cone, hydro- 
chloric acid, sulphur separates at once ; but with a cone. soln. of thiosulphate, 
sulphur does not separate for a long time. If the sulphoxylic acid formed on the 
hydrolysis of the hyposulphite changed rapidly into thiosulphate, no separation of 
sulphur is likely to have occurred. The observed separation of sulphur is not due 
to the presence of a sulphite, for a soln. of an equimolar mixture of sodium pyro- 
sulphite and thiosulphate did not yield any sulphur when added to cone, hydro- 
chloric acid, except after long standing. F. Forster and co-workers assume that the 
reaction : 2S(0H)2=H2S203+H20 does occur ; and this is supported by the fact, 
observed by J. Meyer, and K. and E. Jellinek, that sodium hyposulphite, in the 
absence of air, in neutral or slightly acidic soln., changes quantitatively into sulphite 
and thiosulphate. The solid salt undergoes a similar change since old specimens 
contain large proportions of thiosulphate. On the other hand, H. Bassett and 
R. G. Durrant stated that it is probable that the thiosulphate is not formed directly 
from sulphoxylic acid, hut by a more complex sequence of reactions — vide infra. 
For the smell of sulphoxylic acid, vide infra, hypo^ulphuxous acid. 

The term sulphoxylic acid was apphed by A. Bernthsen to the hypothetical 
acid H2SO2, the parent from which the salts just indicated have been derived. This 
distinguishes them from the salts belonging to the related hyposulphurous acid, 
H2S2O4 — vide infra. Sulphoxylic acid, H2SO2, was considered by M, Bazlen to 
be metasulphoxylic add, H2SO2, or HO.SO2.H, derived from orthosulpkoxylic acid, 
(H0)3S.H, by the loss of a mol. of water. 

There are several possible constitutions for compounds with the formula H2SO2. 
For instance, (i) with a bivalent sulphur atom corresponding with an aldehydic or 
ketordc constitution : RO.S.OM — where R denotes an alkylic or arylic radicle, 
and M a univalent metal ; (ii) another with a quadrivalent sulphur atom, furnishing 
sulphoxylates or sulphinic acids ; and (iii) another with a sexivalent sulphur 
atom, furnishing sulphinic acids or sulphones : 

N>®-0 R>®<0 

Sulphoxylates Sulphinic acids Sulphones 

R, Gtto thought that the conversion of the sulphinic acids into sulphones favours 
the hypothesis that these acids are hydrides and do not contain a hydroxyl group, 
and that the sulphur atom is sexivalent in the sulphinates. There is, however, some 
doubt about the constitution of these hypothetical acids which are known only 
in the form of alkyl or other derivatives. K. Reinking and co-workers, and 
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M. Bazluii respectively represented the complex: akleliydic ivM> of Hnl])h(>xylic acid 
by the forinui^c : 


R— CH 


.OH 

^Q.SO.Na 
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§ 12. Hyposulphurous Add 

In 1718 , G. E. StahU observed that iron dissolvcain HulpIniroiiH a<d<l, forming 
a reddisb-yeliow liquid ; and C. L. Borthollei observed tliat no gas is given oil 
wiieii the metal dissolves. A. F. de Fourcroy and L. N. Vaiupielin obUiiicd 
similar results ■with tin and zinc. C. F. Schonheiii and otbors no{/ic.<'d that ’when 
sulpbiixous acid is electrolyzed, the rcddisli-bxown liquid T<^H<'inhle.s tluvt/ obtained 
by the action of many metals on sulphurous acid, in that botli rnpiids arc strong 
reducing agents, and contain an acid with, loss oxygen tluui ilmt ooni'niiu'd in 
sulphurous or rather thiosulphuric acid. E. Schiir irnnh^ more extt'iuhul obser- 
vations on this subject. Prior to 3869 , it was thought — e,//. by E. Mii.scherlicdi-— 
that the acid formed by reducing the sulphurous acid was diiosulpluiricj acid, 
H2S2O3, while H. Bisler-Bounat said that pcntathionic acid is for met I . ()l>Korva- 
tions were made by M. J. Pordos and A. G 61 is, G. Geitncr, and A. Harpf, who reported 
sulphuric, thiosulphuric, trithionic, and pcntathionic acids and hydrogen snlpludc 
to be formed. P. Schutzenberger showed that tm nouvel axdde de mufre is formed 
which he called Vacide Jn/drosul;fur€ux---th.Q,t is, hydros acid. If(^ also 
prepared a number of salts of the acid. H. E. Roscoe and 0 . Schorle.mmer, and 
E. von Wagner preferred the name hyposulphurous acid, H2S2O4 ; and tln^.y (jailed 
the salts hyposulphites — vide thiosulphuric acid. The acid W'aa «tiicii(Kl by 
A. Beinthsen and co-workers, H. Bassett and R. G. Durrant, ami by 0 . Btimck, 
A. Nabl, etc. The results favour the hypothesis that the molecular formula of 
the acid is that just indicated — vide infra. The arguments in favour of hydro- 
sulphurom or hyposulphurous as a name for the acid have different weights with 
persons of diffpent temperaments. The writer prefers hyposulplmrotis acid. 
The gmeral subject of the hyposulphites was discussed hy A. Duhoac,^ L.. A. Pratt, 
and K. Jellinek. 

*Ihe preparation of hyposulphurous acid, and the hyposulphites.- “-As indicated 
ahove. hyqjosulphurous acid is prepared by dissolving iron or zinc in sulphurous 
acid contained in a closed vessel. P. Schutzenberger ^ represented the reaotmn: 
2Il2SQ3-+2H2=(H2S02)2+2H20. H. E. Causse also prepared hyposulphuiv^us acid 
in an analogous way by redu(3ing sulphurous acid with zinc, iron, manganese, 
or copper. F. Bayer used sodium amalgam as the reducing agent. W. Spring 
showed that the acid is formed along with tetrathionic acid when hydrogen 
sulphide IS passed into sulphurous acid ; L. Maquenno, when sulphurous acid is 
reduced by hypophosphorous aci(i ; 8. Kapff, by formic acid or sodium formate ; 
1 . Spence and E. Knecht, hy titanium trichloride ; G. Sourati-Manzoni, by a 
copper-zinc couple ; H. Moissan, potassium hydride--but H. Erdmann and H. van 
dcr i^misseii did not succeed with calcium hydride ; and A. Guerout, by the elec- 
troly^^is of mlplmrous acid. Sulphuric acid?^ formed at the anode, and hyposnl- 
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pluirous acid Ls formed at the cathode with a low-current denwity, and sulx^hur 
with a liigh~cnrr<mt density, C. Luckow also noted the formation of sulphur 
and hydrogen siil[)]iide. The aq. soln. of the free acid is stable for only a short 
time. P, SchtitJi<nibcrger obtained it by decomposing the sodium salt with dil. 
sul])}iuric or oxalic acid ; and R. Englert and P. Becker, by treating a soln. of the 
calcium salt with siilpluiric, oxalic, or phosplionc acid. P. Schutzenberger made 
the sodium salt by tlic action of zinc on a soln. of sodium liydrosulphite in a well- 
cooled vessel : “ 6NaHS03d-2Zn=2ZnS03+2H20+2Ka2Sbc+(NaHS02)2* The 
greater portion of tlu'. sodium siilx)hitc crystallizes out as a complex salt with zinc 
sulphite. In order to remove the small quantity which still remains in soln,, the 
clear liquid is mixed with 3 or 4. times its bulk of cone, alcohol, and allowed to 
stand in a well-siopx)ered ilask. The liquid then deposits a second crop of crystals 
of sodium zinc hyx)osulx)hite, and the supernatant liquor when kept in a well-stoppered 
flask diqiosits colourl(‘ss crystals of the hyposulphite. These are pressed between 
bibulous pax^er, and dried in vacuo. Another recrystallization may be necessary 
to remove tiio last traces of sodium zinc sulphite. L. A, Pratt used a modification 
of this process ; M. Furukawa and K. S. K. Kaisha used nickel or iron salts as 
catalysts ; and W. G. Christiansen and A. J. ISTorton described a mode of 
X')urifying the sodium salt. A, Bernthsen measured the rate of conversion of 
the sulphur of hydrosulphate into hyposulphite by zinc wdth soln. containing 
different x^o portions of salt in soln. The percentage conversion of the total sulphur 
into hyposulphite was with soln. containing, per 100 c.c. 

ISTaHSO^ . 0-5852 2-3408 3*4094 10-90 17-047 26*97 

Conversion . 57*7(16) 57-3(192) 53*7(265) 58 3(18) 63-1(24) 60(4) 

The bracketed numbers refer to the time in hours. M. Bazlen found that the 
dihydrate, ]Sra2S204.2H20, can bo salted out from the soln. by the addition of sodium 
chloride. The Baclische Anilin- und Sodafabrik patented the use of other soluble 
salts, etc. For instance, sodium nitrite or acetate, chloride of calcium, magnesium 
or zinc, sodium or ammonium hydroxide. It is better to use soln. as cone, as possible. 
With 200 c.c. of water and 35 and 40 per cent, of sodium hyposulphite respectively, 
98 and 99 per cent, of the hyposulphite was immediately precipitated on adding 
60 grms. of sodium chloride. The Farbewerke vorm. Mcister Lucius und Brlining 
showed that instead of zinc and sodium hydrosulphite, a mixture of zinc sodium 
hydrosulphite and sulphurous, sulphuric, or hydrochloric acid can be used. Other 
metals more electropositive than zinc were found by B. Grandmougin to be applicable 
for the reduction. For example, sodium-amalgam may be used, but sodium alone 
acts too vigorously ; calcium can be employed for the reduction. 

A. Worsley reduced the supersaturated soln. of sulphurous acid by electrolysis 
at a low temx>.5 and under press, in the cathode compartment of an electrolytic 
cell. A non-oxidizing atm. is maintained in the cathode compartment — e.g,, by 
introducing an inert or a reducing gas — and a catalyst — e.g., a zinc salt or a colloid 
such as gelatin — ^may be added to the electrolyte. Snljohur dioxide may be con- 
tinuously introduced into the sulphurous acid soln. during the electT(jlysis. The 
soln. of hyposulphurous acid obtained may be used directly as a reducing agent, 
or the substance to be reduced by hyposulphurous acid may ho maintained in 
close, proximity to the cathode, preferably in continuous agitation, during the 
reduction of the sulphurous acid. 

The most satisfactory laboratory method of preparing the sodium salt was 
found by F. W. Heyl and F. E. Greer to he a x>rocess based on those of L. Cassella 
and Co., and the Manufacture Lyonnaise dq Maticres Colorantes, namely, the 
action of sodium hydrosulphite on sodium formal dehy dr osnlphoxylate, which in 
tnrn is obtained by the reduction of commercial hyposulphite with zinc-dust and 
zinc oxide in the presence of formaldehyde, and recrystallizing the crystals first 
obtained from water below 10°. It was not found possible to pxex)are analytically 
pure anhydrous sodium hyposulphite even by the method from sodium fonimklc- 
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liydesulphoxylate iadicated aboTe and salting out the produft by means of strong 
brine. The "best results obtained were yields of 55 -GO per cent, of the theory with 
a purity of 80-85 per cent., and neither by recrystallkation nor by Baiting out from 
air-free a<][. soln. in an inert atmosphere could the salt be hirther purified. 
J. Volhard obtained the hyposulphite as an intermediate*, stage in the action of 
siilpliur dioxide on an alkali sulphide. C. F. Schonhein, and l\ Seduitzenberger 
also obtained sodium hyposulphite at the negative pole during the electrolysis of 
an aq. soln. of sodium hydrosiilphite owing to the reduction symbolized : 2NaHS03 
+H2^Na2S204-t-2H20. A. Villon used a soln. of s]). gr. l ':32 in the cathode 
compartment. G. Halphen, E. Andxeoli, and E. XJrbaiii also employed the elec- 
trolytic process, xiccording to E. H. Ekker, the products of the electrolysis are 
sodium sulphate, water, and either sodium hydrohyposulpliito, or a mixture of 
sodium hyposulphite and free hyposulphurous acid. Working -with a cell without 
diaphragm, he obtained a poor yield by a current of 1*51 amp. passing through a sat. 
soln. of the sulphite. This diminished after the lapse of another hour. The poor 
results are clue to anodic oxidation of the hyposulphite. K . Bibs and K. Becker used 
a porous diaphragm, and a cathode of platinum, aluminium, or zinc. They found 
that at first sodium h}q)Osulphite is formed at the cathode in almost theoretical 
quantity, but the yield very soon falls off owing to the further rcKliietion of the*, 
hyposulphite to thiosulphate, Na2S204+2H=ll20“l-Na2S203. It was impoasibh* 
to prepare solid sodium hyposulphite in this way. When soln. of calcium or 
magnesium hydrosulphite in water or dil. alcohol axe electrolyzed in the same way, 
a little hyposulphite is formed in soln., hut the solid substance which separates out 
is the neutral sulphite of calcium or magnesium. Zinc hydrosulphite gave similar 
results. From a cone. soln. of sodium and zinc hydrogen sulphit^es, however, a 
solid substance, is deposited, about one-quarter of which consists of sodium hypo- 
sulphite. Soln. of sodium magnesium and of sodium manganese hydrosulphites 
gave no solid substance. A. R. Frank showed that in the preparation of soln. of 
sodium hyposulphite by electrolysis of soln. of sodium hydrosulpliite it is txeccssary 
to use an almost neutral soln. The presence of free Bulphxirous acid liberates 
hyposulphurous acid, w’-hich readily decomposes. If this precaution is taken and 
the current density gradually increased, a good current efficiency can be maintained 
for a much longer time, and soln. cont^-ining 30 to 40 grms. of hyposulphite per 
litre obtained. Soln, of calcium hydrogen sulphite containing up to 90 grms, of 
the salt per litre are employed in large quantities in the preparation of cclluloRC, 
and the maximum solubility is not 9*3 grms. per litre, as stated by K. Bibs and 
K. Becker. When a nearly neutral soln. of calcium hydrosiilphite containing from 
40 to 60 grms. of SO2 per litre is electrolyzed, the calcium hyposulphite soon begins 
to crystallize out in silky needles. From 30 to 40 per cent, of the weight of the 
calcium hydrosulpMte used is obtained in the form of the solid hyposulphite, with 
a current efficiency of 60 to 70 per cent. The dry salt is unstable, about half of it 
being decomposed after three days’ exposure to the air. In the -formation of 
sodium hyposulphite by the electrolysis of sodium hydrosulphite, the electrolysis 
stops after the soln. contains 3 to 4 per cent, of the hyposulphite. K. Jollinek 
showed that sodium hyposulphite, in soln. containing hydrogen sulphite, decom- 
poses spontaneously into thiosulphate and hyposulphite and then hydrosulphite, 
2Na2;S204=Na2S203+Na2S205 ; Na2S205~l-H20==2NaHS03. In cone* soln. the 
rate of decomposition is practically unaffected by the presence of platinum ot lead, 
whilst iu dil. soln. the greater part of the change takes place at the surface of a 
platinized platinum plate. He showed that the stationary condition, in which the 
cone, of the hyposulphite does not increase, is reached when the rate of formation 
of hyposulphite by the current is equal to its rate of spontaneous decomposition, 
from which it follows that the hyposulphite is not reduced electrolytically, and 
that in order to obtain a high cone, in soln. it is only necessary to increase the rate 
of formation by applying a large current to a small vol. of soln* The subject was 
also investigated by K. and E, Jellinek. R. H. Mc|i:ee and N. Woldman said 
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that, at present, tlic electrolytic process can not compete successfully with the zinc 
process. 

The physical properties of hyposulphtirous acid. — Free hyposnlphuTons acid 
IS very iinstahle. II. Bassett and R. G. Dnrrant added that freshly acidified 
hyposiilpliites have a most -anpleasant smell, suggestive of, hut differing from, that 
of hydrogen sulphide, and not unlike a mixture of hydrogen sulphide and. sulphur 
dioxide. The smell recalls that of sewer gas, and it may well be that of sulphoxylic 
acid. An aq. soln. of hypo sulphurous acid, according to its concentration, appears 
yellow to orange-red. J. Meyer said that it rapidly decomposes into thiosiilphuric 
acid, sulphur dioxide, and hydrogen sulphide. The apparent colour of the acid 
may be really due to tlie presence of colloidal sulphur produced by its decomposi- 
tion. The alleged colotir cannot be due to the presence of hyposulphite ions since 
the alkali salts arc colourless ; nor is it probable that the colour is produced by 
the HS204'“aiiion, or by tlic non-ionized molecule since the acid is a strong one. 
K. Becker did not succeed in collecting the colloidal sulphur in the layer of carbon 
disulphide when the cathode liquor is shaken with that solvent during the cathodic 
reduction of sodium hyposulphite. H. Bassett and R. G. Duixant found that when 
hyposulphurous acid is liberated from its salts, it is hydrolyzed to sulphurous and 
sulphoxylic acids, and the yellowish-brown coloration whicli a})pears is most 
probably due to a compound, (II0)2S.S02, obtained by .the co-ordination of one 
mol. of sulphur dioxide with the sulphur atom of a mol. of sulphoxylic acid. It 
could also arise directly by a simple intramolecular change. This compound is 
isomeric with hyposulphurous acid itself, which may be written HO.S.O.SO.OII. 
When sulphur dioxide is passed into a soln. of sodium formaldehydesulphoxylate, 
a soln. of precisely the same colour is obtained as from sodium hyposulphite. The 
properties of the two soln. are similar, and the coloured compound may be the 
same in the two cases. It is possible, however, that the formaldehyde still remains 
attached in the one case. It is noteworthy that formaldehyde removes the colour 
from soln. of all the above sulphur dioxide addition compounds owing to formation 
of the very stable formaldehydesulphurous acid. 

In some cases, very dil. soln. of the acid are fairly stable, M. Berthelot gave 
0 to 5-5 Cals, for the heat of formation of the acid in aq. soln. K. Jcllinek gave 
(2S,30,H20)=H2S204+105 Cals. K. Jellinek found that the electrical conductivity 
of dil. soln. of the acid can be measured without undue interference by the decom- 
position of the acid. Thus, 50 c.c. of treated with ^^W-HCl, 

and the conductivity, at 19°, after 

Time . 0 20" 40" TO" 1' 10" 2' 40" 6' 65" 13' 60" 

fcxlO® . 667-2 648-0 6S9-2 632-6 528-2 612-0 479-0 454*6 

The corresponding curve represents the rate of decomposition of the acid. Express- 
ing the concentration is gram-equivalents in v litres at 25° : 

8 16 32 64 128 oo 

Conductivity . 178 212 234 277 298 422 

The temp, coeff. at infinite dilution is 0-017. The ionization constant for 
[H"][HS20'4 ]=:E”x[H 2S204] is approximately jISlx= 045 at 25° ; and for [H*][S204''] 

at 25°. For the heat of formation of the ion (2S,40,Aq.) 
—S2O4" aq.--l-177 Cals, For the heat of ionization per gram-atom of sulphur, 
K. Jellinek gave 89 Cak. The mobility of the S204"-ion is 69 at 25°. The electro- 
motive force of combinations with a hydrogen electrode, a platinized platinum 
electrode immersed in well-stirred soln. containing sodium hyposulphite, sulphite, 
and hydrogen sulphite, is represented by 0-245-f- log [S204"][S0g")/[HS03')^ 
at 20° for the normal hydrogen electrode ; and for the e.mi . of the reaction S2O4'' 
+2H20+2F=2H‘-f2HS03', -0-009 0-029 log [S20/']/[H12[HS0/P at 20°, 

From this it is calculated that a soln. containing hyposulphite and hydrogen sulphite 
ions in normal concentration should be in equilibrium with gaseous hydrogen at 
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tFo atmospliores x^ressure, and therefore that the rcdiu‘iiig powder of Hucii a. sola, is 
very nearly the same as that of gaseous hydrogen. The e.in.f. of the (‘oinhiiuition 
measured above increases by 2-27 millivolts per degree Tis(‘^ of t(mif). Rroni these 
data the heat of the reaction is readily calculated ; it is |“^Ri>0-h2I T 

^IL+dHSOs— 13,920 cals. Subtracting the known value, U^S()^J dlNhSO;/' 
-700 cals., gives S204^'+2H20-H2+2HS0/( ---13920 -If 00-0- 15,320 cals. 
Consideration of the free energy of the reaction between Iiy])(>siifphites and water 
leads to the conclnsion that they become much less stable as the ieinp. ris(^s, a rise 
of 10° increasing the equilibrium press, of hydrogen iwo and a, Iialf In 

alkaline soln. of hyposulphite and sulphite a fairly defniite. pot^udial is established 
at a platiimin electrode, but the nature of the read ion on wliieli it (h'pends has not 
been discovered. In solu. of hyposulphite and thiosulphate, or of tbi(>sul[)hate and 
sulphite, no definite potentiarcoiild be observed. The pobudaals nu^asuia^d were 
unafected by the cone, of the thiosulphate. 

The chemical properties of hyposulphuroas acid and the hyposulphites.— Tlu^ 
acid is known only in diL aq. solu. ; but 0, llossh^r said that, it is rnorc soluble 
in alcohol than in water. P. Schutzenberger, and A. Binz found that a(|. soln. of 
the hyposulphites decomxmse when warmed, fonuiug only hyclrosulpliit-t's ; but 
J. Meyer represented the reaction : 2Na2S204-l~H20'~:Na2Si>0;{d'2NaHS()3 ; and 
his results for the decomposition at 45°, 60°, and 80° arc sinmuariz<'.(I by the curves 
shown in Fig. 42, The speed of the dec()ni])uHitit>n is slow 
77 m c-p — j — I — — at the start, it then rises to a maxiTuuni, and later on slows 

— down. Part of the products of the (h'com position react 

^ m with the undecomposccl salt, and conH(a|ueritly l/lui vdocity 

^ 40 - decomposition is proxjortional both to tin', (^xttnit of the 

'J 20 decomposition, x, and to the quantity of salt Ic^fi uudi'ccm- 

& h 20 4oso~sfioo posed, a — x\ so that dx\dt=^kx{a — x). 111. Jellitudc found 

^ k at 0° to be 0*00014 ; at 10°, ()-00023 ; at 20^\ ()*()0037 ; 

Fia. 42 .-The Effect and at 30°, 0*00063. If 7o'===:10«'>i, log 1-32 i 0*035/?. The 

o'f Temperature on decomposition on heating is probably ))eBt rc^presented : 

^®'2oniposition 2Na2S204+H20=Na2S203H'2NallS03. A. Lumien*. and 
Seyewetz, and M. Bazlen and A. Bornthstui made some 
Hyiaosulphite. observations on this subject. K. Jcllitiek studicul tlio de- 

composition of sodium hyposulphite in soln. of sodiinn 
sulphite or hydrosulphite ; and found that it can he reprcscnt(xl as a unimoh^cular 
reaction dxfdt=k{a — x), where x signifies the amount decomposed at the. time L 
E. Jellinek JEoniid the velocity constant, Tcj to be, in the j>rcsence of 

NaHSOs . 10 15 27 33 15 30 per cent. 

Jc at 18® . 0*00007 0*00031 0*00062 0*00109 — 

A: at 32® . — — — 0*00055 0*00250 


C. K. Jablczynsky and Z. Warszawska-Ey tel found that the rate of decomposition 
is accelerated by the addition of sodium chloride, and diminished by the addition 
of a colloid like gum arabic. Dilution retards decomx)osition. The speed of the 
reaction corresponds with two reactions of the first order. C. F. Schdnbein, 
P. Schiitzeiiherger, and A. R. Frank showed that the decomposition is retarded in 
the presence of alkalies. Hence, technical operations with hyjDOSulpliitos arc 
conducted in alkaline soln. whenever possible. Acidic soln. decompose very 
quickly, for when a soln. of the sodium salt is acidified, it hecomes yellow or 
orange, and much sulphur is separated. 

men h^posulphurous acid is liberated from its salts, it is readily hydroly^icd 
to sulphoxylic and sulphurous acids. H. Bassett and R. G, Durrant summarize 
the action: m8.0.SO.OH^(^^^ ly HO.S.O.SO.OH+HaO=-S(OH)2 

+H2S03(T=^2G"rS02) ; and by S(6H)2H-S02^(H0)2S.S02. Thus, two isomeric 
lorms 01 112^2^4 assumed. The direct union of two sulphur atoms in (HOjaS.SOi^ 
indicates that the compound can probably be readily reduced to thiosulphate ; and 
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tMs is in. agrccniK'ni with K. a-ud Jt. J<dlino.k’K observation that hyposulphurons and 
thiosnlphiiric aiei<lH arc siKu^eHHivcj stages in the electrolytic reduction of sulphurous 
acid. Tlio oxidation of HO.B.O.HO.OH by (110)2-8.802 is taken to explain the 
change of the liyi)osu]phite into thiosulphate and pyrosulphite : HO.S.O.SO.OH 
-l-(H0)2S.S02^Ilii^iiO5 l-H^BoO^. The reaction was found hy K. and E. Jellinck 
to he bimoleeutir, and the rates of change is increased by the presence of hydrosul- 
phites — roughly in proportion to th(‘, square of the hydrosulphite concentration — 
is attribxited by 11. ihisH(‘t.t and K, 0. J)urrant to the stabilizing influence of the 
sulphite. Tn presonc(‘ of acuds, there is superposed on these changes the reactions 
H2S~hB(Ofl)2-^28 h2n,20, and S(0II)2+JI0.S.0.S.0H^H2S+H2S205. There is 
also the possibh'. formation of ]H)lythionates by the interaction of hydrogen sulphide 
and siil])hurous acid, or ])y the d<5<5omposition of thiosulphate. F. Forster and 
co-workers addc'd that polythionates arc always formed during the deconaposition 
of hyposulpliurous acid. Thic yellow colour remaining after the disappearance of 
the yellowish-brown colour of (110)28.802, is attributed by PI. Bassett and 
E. Gr. Durrani to a (‘.onrplex of sulphur dioxide and thiosulphuric acid. The subject 
was discussed by 1?/. 11. MclCee and N”. E. Woldman. According to H. Bassett 
and R. Gr. Durrani, the. action of sodiuna fdmnbite on the hyposulphites shows that 
sodium hyposulphite is hydrolyzed slowly in alkaline soln. even at the ordinary 
temp., and the reactions i-hen observed arc the same as those obtained with sodium 
formaldchydesidpfioxylato”— both being the reactions of sulphoxylic acid or its 
decomposition products. If the soln. is boiled before the pluinbite is added, a 
precipitate of lead sulphide free from metallic lead can be obtained in the case of 
the hyposulphite, because the sulphoxylato is converted into sulphide and sulphite 
as fast as it is formed. If the plumbite is present during the liberation of the 
sulplioxylatc, some of the latter is oxidized by the plumbite before it is converted 
into sulphide and sulphite, and so a mixture of lead sulphide and lead is obtained. 
Alkaline soln. of sulphite give no reaction with plumbite under these conditions, 
whilst thiosulphate in alkaline soln. gives a very faint reaction. The yellowish- 
brown colour produced by the acidification of soln. of sodium hyposulphite, with 
cone, soln., may be similar to that of O‘li\r-iodme. The smell of hydrogen sulphide 
is quite evidtuit directly after acidification, but is soon masked by that of sulphur 
dioxide. A. Bernthsen and J. Moyer mention that cadmium sulphide is precipitated 
when hydrosulphito soln. containing cadmium sulphate are acidified, they do not 
appear to have noticed the liydrogen sulphide itself. Sulphur eventually separates 
from the acidified soln., but the time which elapses before this occurs may be 
considerable. Tlic colour persists longest when the acidification has been efiected 
by sulphurous acid. If a cone, sodium hyposulphite soln. is added to cone, hydro- 
chloric acid, a momentary brown colour is produced followed at once by a precipitate 
of sodium chloride and sulphur. 

The dominant quality of hyposulphurous acid, or rather of the hyposulphites, 
is a strong reducing action. The hyposulphites are readily oxidized. Consequently, 
in preparation of these compounds, the soln. have to be protected from oxidation 
by using an atm. of carbon dioxide or hydrogen. A. and L. Lumifere and 
A. Seyewetz found that when a thin layer of powdered anhydrous sodium hyposul- 
phite is exposed to the action of moist air, it is completely decomposed in seven 
days, but is practically stable in a closed vessel or in dry air, the slow changes 
observed, 10 and 4= per cent, loss of sodium hyposulphite respectively in two months, 
being due to admission of moisture in removing the daily samples. Soln. of sodium 
hyposulphite in boiled distilled water in closed vessels decompose at rates varying 
with the cone. ; 25, 10, and 3 per cent. soln. axe decomposed in three, eleven, and 
thirty-seven days respectively. The rate of change is accelerated by rise of temp, 
or by exposure of the soln. to the air ; in the latter case, the relative stabilities are 
reversed, a 3 per cent. soln. decomposing entirely in one, a 20 per cent. soln. in two 
days. The decomposition of sodium hyposulphite takes place according to the 
equation : 3]SraoS204=2Na2S203+Na2S20c ; Na2S204-f O^NaaSOa+SOs, sodium 
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liydrosulpMte being formed in aq. solii. The chief product of the reaction is the 
sulphite. When shaken with air or oxygen^ P. Schutzenberger and co-workers 
found that soln, of the hyposulphites become yellow or orange, and finally colourless. 
The yellow coloration is due to the liberation of the free acid. Twic(^ as much 
oxygen is absorbed as is needed to convert the hyposulphite into hydrosulphite, 
but J. Meyer found that the quantity absorbed is not qait-c twice that needed to 
form the sulphite; and he said that the excess of oxygen is us<h! in carrying the 
oxidation past the sulphite stage: H2S204-|-02H“H20--=^hb>S()4-|- and to a 
small extent : 2H2S2O4+024-2H2O=ifl2SO3. P. Schutzcmbcrgcr, and P. J. Konig 
and C. Kraiich assumed that some hydrogen dioxid<‘, is formed , and C. Engler, 
that B, ^eroxyliyposulphite^ H2S2O4.O2 — an isomer of ditlnoiiic acid, or else hydrogen 
dioxide — is formed : 

NaSOa OHH , 0 ^ Na.SO2.OH , .. .. 

NaSOg'^OHIH'^O. ^ ' 

AIM oxidizing agents — e.g. silver salts — normally oxidize hyposuij)Iiite to sulpliite, 
but with mol. oxygen, J. Meyer said that during the oxidation of tlxc hyposulphites, 
sulphite and sulphate, as well as thiosulphate, and dithionate may be formed ; and 
the sulphate and sulphite would he in equimolar proporiions were it not for dis- 
turbances produced by the hydrolysis of the hyposulphite by tbe acid formed 
during the oxidation. H. Eassett and E. G. Diirrant added tliat with soln . containing 
sufficient sodium, carbonate to neutralize tbe acid formed, the atm. oxidation of 
hyposulphite proceeds smoothly as a imimolecular reaction. 

A. and L. Lumi^ir© and A. Seyewetz found that chloral and quuiol oxort no protoctivo 
action on soln. of sodi-am hyposulphite. The influence of a mimbor of other substancos on 
the stability of the soln. is as follows, where the first braekoiod i-kinnhor ro]) resell ts th© 
number of grams per litre ; and the number in brackets after “ da^^s ” refers to tbo percentage 
amount of hyposulphite undecomposed, in the other cases, all wan (lo(‘oinposocl in the time 
stated : Sodium hydroxide (10-100), 5 days ; aodiunh tm'bonaCe (2), 4 days ; (100), 11 days ; 
2 )otassnim- carbonate (5-200), 8 days ; ammoma (10-200 c.e.), 4 days ; normal sodium 
jiTiosphote (5), 3 day^s ; (50), 6 days ; (100), 24 days ; sodium hydrophosphaie (50), 5 days ; 
(100), 7 days; sodmm silicate, (25), 5 days ; (100), 23 days ((J‘9) ; acetaldehyde (30 c.o.), 
28 days (5*9) ; (100 c.c.), 21 days ; formaldehyde (50 c.c,), 28 days (14'0) ; (200), 28 dayvS 
(8*1) ; acetone plus sodium sulphite (5-4-15), 5 days ; (204-60), 7 clays ; (40”4-120), 4 days; 
aniline (100), 4 days ; methylamine (*100), 4 days (0*9) ; trioxymcthylme idus sodium 
sulphite (10-fl), 28 days (26*5); (50 -{-3), 28 days (24*4); hoxamethylencteXramine (100), 
28 days (24*4). 

J. Meyer found that hydrogen dioxide oxidizes hyposulphites in acidic or alkaline 
solu., forming sulphates, and a small proportion of dithionates. The reaction was 
examined by A. Wangerm and D. Vorlander, and P. S. Sinnait. The hypoBulj)hites 
were found by A. Bernthsen to he oxidized by iodine to sulphates. ' Brotherton 
and Co. represented the reaction with sodium h3q)osulphite and potassium iodate : 
3Na2S204^-l-4ELl03-f-2KI==3l2+3Na2S04^-f3K2S04. W. Spring found sulphur to 
be without action on sodium hyposulphite ; and L, Tsohugaeff and W. Ghlopin 
observed that a warm soln. of sodium hydroxide and hyposulphite attacks sulphur 
to a very slight extent — 'aide mjra^ teUurium. A. Binz showed that while the 
hyposulphite has no action on sodium sulphide, it reacts vigorously with soddum 
polysulpMdes : NagSsO^-fKTasS^-hHsO^NaS.SO.OH+NaS.SOa.OH + NasS^^g, 
but these products immediately decompose giving off hydrogen sulphide ; with 
sodium polysulphide and hydroxide : Na2S204-hNa2S2-f ^NaOH =2^2803 +2Na2S 
+ 2 R ^0 ; also 2Na2S204+2Na2S2*f 2NaOH=2Na2S-b3Na2S203+H20 ; and with 
an excess of polysulphide: Na2S204 4 NagS,, + dNaOH = 2Na2S203 ■+ NagS 
4^%^n-a“i"2H20. A. Binz and W. Sondag found that the reaction in alkaline 
can be represented : Na2S2O4-f-Na2S2Os*f4Na0H==3Na2S0a+Na2S+2H20. 
W. Spring showed tbat if hydrogen sulphide be passed into a feebly acidified soln. of 
;^tassium hyposulphite, the liquid becomes hot, sulpbui is precipitated, and the 
liquid no longer decolorizes indigo ; if the soln, be neutralized with potassium 
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carbonate, no sulphur is deposited, and potassium thiosulphate, precipitable by 
alcohol, is formed. L. A. TschugaeS and V. A. Chlopin observed that tellurium is 
attacked by a solu, of sodium hydroxide containing the hyposulphite warmed on a 
water-bath. The liquid becomes violet and then colourless, and on cooling, it 
deposits sodium telluiide. Similarly also wdth selemum, but the reaction does not 
takes x^lace so readily. J. Meyer found that like the sulphites, hyposulphites reduce 
selenium dioxide to selenium, but the reaction is more energetic. If the soln. of 
selenium dioxide is very dilute, colloidal selenium is formed. 0. Brunck said that 
seienous acid is reduced to selenium by hyposulphites, but not so with seleuic acid ; 
both tellurous acid, and telluric acid are completely reduced to tellurium, and 
with very dilute soln., colloidal tellurium is formed. 

J. Meyer found that in the absence of air, alkaline or neutral soln. of nitrates are 
not reduced by hyposulx^hites, but if air be present, sodium hydrosulphite is formed, 
and this reacts with the nitrate forming amidosulphonic acid : KN02+3ISraHS03 
+H20=Na0H~l-2NaH0S4+NH2.S02.0K. With acidified soln., however, there 
is a Vigorous reaction with the evolution of nitrous oxide and nitrogen. A. Lidoff 
found that some hydroxylamine is formed, and he represented the reaction 
with x><^li^^sium nitrite : 2KHO2 + 2H2SO2 + 2H2O 

0. Brunck showed that in a feebly acidified soln. of arsenious acid, amorphous, 
brown arsenic is formed ; in neutral soln., the precipitation occurs on allowing 
the mixture to stand for a short time ; but in a soln. made alkaline with alkali 
carbonate, no precipitation occurs. W. Farmer and J. B. Firth noticed that arsenic 
tritasulphidc, AS3S {q.v.), is produced by the action of sodium hyposulphite on 
certain arsenic salts. A little arsenic disulphide is probably always formed at the 
same time. With a feebly acidified soln. of antimony trichloride, antimony is 
preci^jitated, and if the hyposulphite be in excess, antimony trisulphide mixed with 
sulphur is formed. An acidified soln. of potassium antlmonate behaves similarly ; 
and with a hot neutral or alkaline soln. antimony is precipitated. A dil. soln. of 
potassium bismuth tartrate furnishes colloidal bismuth ; with a soln. of bismuth 
chloride, a reddish precipitate is formed, and this soon blackens forming bismuth 
mixed with a little sulphide, if the hyposulphite be in excess, bismuth sulphide is 
precipitated ; and bismuth hydroxide suspended in water is slowly reduced to the 
metal. 

E. H. Ekker represented the reaction with potassium fetricyauide by the 
equation : Na2S204+2K3FeCye=2S02+2K3NaFeCye. The reaction was studied 
electrometrically by C. del Fresno and L. Valdes. The action of sodium hypo- 
sulphite in neutral or acidic soln. on formaldehyde furnishes a complex sodium 
formaldehydohyposulphite, Na2S2O4.2CH2O.4H2O; and a similar product is 
obtained by the action of zinc and an acid on the complex with sodium sulphite 
and formaldehyde. This subject was studied by A. Binz,^ L, Baumann and 
co-workers, H. Schmid, A. Pelizza and L. Zuber, L. Descamps, K. Eeinking 
and co-workers, M. Muller, Farbwerke vorm. Meister Lucius und Briining, 
Badische Anilin- und Sodafabxik, E. Glimm, E. Emoevenagel, A. Osatin, M. Bazlen, 
E. Fromm and J. de Seixas Palma, and C. Schwartz and co-workers. According 
to M, Muntadas, an insoluble, stable, pulverulent formaldehyde-zinc hypo- 
sulphite compound is formed by boiling a mixture of sodium hydrosulphite, 
formaldehyde, zinc-dust and sulphmric acid. The following reaction is stated 
to take place: 2(NaHS03 + CH20)-f 3Zn+2H2S04=2(ZnS02 + CH20)-fZnS04 
-l-Na2S04~f-2H20+H2* The insoluble hydrosulphite compound is filtered ofi, 
washed, dried, and passed through a sieve. It can be employed advantageously 
for many of the purposes for which less stable salts of the hyposulphites are used. 
Soln. of indigo and other colouring agents are bleached by hyposulphites. The 
reaction with indigo was studied by C. F. Schonbein,^ E, Schar, P. Sohiitzenberger 
and C. Risler, J. E. Tnlleken, A. Muller, M. Muller, F. Tiemann and C. Preusse, 
A- Bernthsen and A. Drews, A. Binz and co-workers, R. Mohlau and co-workers, 
A. Wangerinand D. Vorlander, and W. Vaubek The reduction of azo-compoimds 
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by byposiilpbites was studied by E. Graudiuou^iu,^^ O. discbcr and S. and 

H. Eranzen and P. Stieldorf ; of diazonium salts, by E. Uraiulinougin ; oi nitro- 
compoiiudSj by E. Grandmougin,^ P. Goldberger, P, Aloy and co-worki^'Wj ami 
F. Gaess ; of nitioso-compoiinds, by E. Graiidmongin ; of organic arsenic com- 
pounds, by P, Ebrlichj^ A. Bextbeim, and L. Benda ; and O. PLsdxcr ainl A. Piitzcn, 
of tliphenylmetliane dyes. P. Scbixtzenberger ® observed that anthra^ninone in 
alkaline solii. gives a red precipitate with hyposulphites ; and b. Jh^audet, tiiat it 
does not decompose sugars. 

P. Schlitzenberger lo reported that hyposulphites precipitate enprous hydride 
when added to a soln. of copper sulphate ; J. Meyer said that colloidal copper, not 
the hydrid-e, is formed — vide 3 . 21, 6. J. E, Myers and J . B, Virtli sliow(al that the 
product is either pyrophoric copper, associated with a little cuprous sulphid(i or 
mainly the sulphides. O. Bruuck represented the reactions: (/uSO.j- phla2Si>04 
=Cu+E’a2SO4+2S02 ; and Cu-f 2Na2S204=CuS~l“Na2S205H" Hyposul- 

phites reduce cupric chloride to cuprous chloride, and slowly ihhIucc ilux latter to 
copper ; with ammoniacal soln. of cupric salts, a copjier-tuirror is (ormod. He 
found that at temp, up to 30% a soln. of cupric chloride is rculiicxul by sodium 
hyposulphite to cuprous chloride which is permanent in tlu' pr(‘H(eu‘/<i of aii excess 
of cupric chloride: 6GuCl2+Na2SoO44-kH20==3Cii20l2H'2Na(Jl 1 <tHCl ; 

■with increasing amounts of hyposulphite, the cuprous chloride Is taMhun^d ta) copper : 
hsra2S204+Cu2Cl2=2Cu+2]SraCl+2S02, and finally couvcsrtcti to (ui[>ric sulphide : 
Cu+!N'a2S204=CuS+Na2S04. At temp, from 50° to 73'% th(‘. iina) product, if 
cupric chloride is present in excess, is mainly cuprous sul[>lii(i(s whicJi is converted 
into cupric sulphide by excess of sodium hyposulphite, rl'. JVI<‘y<u‘ found tliat if a 
soln. of a hyposulphite be slowly added to a dil. soln. of silver nitrate, colloidal 
silver is formed — vide S. 23, 10, Unlike A. Seyewetz ainl J. Bbxdi, (). Brunck 


found that the precipitate always contains sulphide. J. J1 FirUi and J. lligson 
found that with up to 6 per cent. soln. of sodium hypoBulplute, tlui a,(diou on silver 
chloride is very slight, the product of the reaction being xnaiiily silver sulphide ; 
and with increasing cone, of the hyposulphites, the reaction funiiwluvs a mixture 
of silver and of some silver sulphide : Fa2S204+2Ag(Jl --2Na( Jl* 1" 2 Ag- 1 “2SU2 which 
may proceed in stages : hla2S204+Ag01=NaCl+NaAgS204, and the intonnediato 
sodium hyposulphite is then reduced: HaAgS204d-AgCjl.'“-cNa01d'"2Ag+2S02. 
For cone, up to 6 per cent, hyposulphite the maximum rc^act-ion occurs at 35°, and 
for higher cone., the maximum reaction occurs at 50°. As tlio tcuup. is further in- 
creased the extent of the reaction rapidly diminishes until at 80° it is very slight. 
The product of the action of sodium hyposulphite soln. on a soln. of silver chloride in 
sodium thiosulphate is entirely sulphide, 6 grms. of original wiivtu' chlorides being 
completely precipitated as sulphide by G grms. of hyposulphite : AgGl ^ Na2S203 

==NaAgS2034-Naa,foUowed by 2NaAgS203+Na2S204--]Sra2S04-f Nn2KS40ed ^AgaS. 

If the sil-ver chloride is dissolved in excess of ammonia soln. the silver coxnpoiind is 
q^uantitatively reduced to metallic silver. Silver is quantitatively precipitated as 
the finely-divided metal from an ammoniacal sohx. of silver nitrate. G. Scutari- 
Manxoni found that a soln, of silver chloride and ammonia or potasshim cyanide is 
refcced to metal by sodium hypos'ulphite. Soln. of gold salts are reduced to metal ; 
and with dil. soln., M, Groger obtained purple-red colloidal gold~w<Zc 8. 23, 10. 

O. Erim^ found that a neutral soln. of a zinc salt is not changed by hyi>osulphites 
m the cold, hut when boiled with an excess of hyposulphite, zinc sulphide is formed : 
ZnS204-b2Na2S204==ZiiS+2]Sra2S205-f SO2 ; similarly also in the prcBcnoo of 
acetic acid, ^0 visible change occurs when sodium hyposulphite is added to a dil 
som. 01 eaaimttm sulphate, but with a cone. soln. a white precipitate of a complex 
IS formea; with a feebly acidified soln, of cadmium sulphate, there is first 

which then decomposes to the sulphide : CdS04 
-f 3H2b204-€dS+H2S04+2H2S03+3S02 ; sodium thiosulphate may also bo 
pK^uced: Cp04+3Na2S204=CdS4-2Na2S034-]Na2S04-+-3S0... According to 
J. Meyer, a dal. soln. of xnemiric nitrate forms with the hyposulphite a colloidal 
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soln. of mercury ; and 0 . Briiiick, and N. A. Orlof! found that in neutral or acidic 
soil!,, all the mercury is precipitated as metal; and if an excess of hyposulphite 
IS present, some mercury sulphide is formed. 

0 . Bruiick found tliat soln. of aluminium salts, in the absence of free acid, when 
boiled with sodium hyposulphite, precipitate incompletely aluminium hydroxide 
mixed with sulphur ; at ordinary temp, neutral soln. of indium salts give no preci- 
pitate, but when boiled, yellow indium sulphide is incompletely precipitated as 
a decomposition product of the hyposulphite. With acidic soln., no precipitate is 
formed. Neutral solm of thalMum salts, in the cold, give a reddish-brown, violet, 
or black precipitate of thallous sulphide. The precipitation is incomplete. With 
feebly acidified soln., a red precipitate is formed immediately ; and with strongly 
acidified soln., no precipitation occurs. 

According to C. R. Fresenius, sulphuric acid or hydrochloric acid soln. of 
titanic oxide are coloured an intense red by hyposulphites, and the colour gradually 
fades to reddish-yellow, and yellow, and finally becomes colourless. 0 . Brunck 
said that the colour does not appear with alkaline soln. Presumably the reduction 
of titanium tetrachloride is symbolized : TiC^-f NaoS204->2Ti0l3+2NaCl+2S02 ; 
but E. Knecht found that sulphurous acid is reduced to hyposiilphuroiis acid by 
titanium trichloride : 2 TiCl 3 + 2 NaCl+ 2 S 02 = 2 TiCl 4 -f Na2S204. The equilibrium 
conditions were studied by K. Jellinek, and B. Diethelm and F. Forster. O. Brunck 
found that the beliaviour of zirconium salts towards hyposulphites is very like that 
with aluminium salts. No precipitate is formed with acidified soln., and with a 
boiling neutral soln., white zirconic hydroxide mixed with sulphur is formed. No 
precipitation occurs with neutral or acidified soln. of germanium salts. A feebly- 
acidified, cone. soln. of stannous chloride gives a voluminous, white precipitate when 
treated with a 10 per cent. soln. of sodium hyposulphite ; stannous hyposulphite 
appears to be formed, and with an excess of the hyposulphite, a soluble double 
salt is produced ; and this easily decomposes into tin and sulphur. If a dil. soln. 
of stannous chloride be used, stannous sulphide is precipitated ; stannic chloride 
is completely precipitated as yellow tin sulphide by hyposulphite. When sodium 
hyposulphite is added to a neutral soln. of a lead salt, a yellowish-white precipitate 
is formed which rapidly turns red, then brown, and finally black. The precipitation 
is complete. It is assumed that lead hyposulphite is first precipitated ; and this 
rapidly passes into the sulphide. 

K. Jellinek showed that chromic salts are not reduced by hyposulphites to 
chromous salts. 0 . Brunck found that, at ordinary temp., chromic acid, and 
chromates are immediately reduced by hyposulphites to chromic salts in neutral 
or in alkaline soln. A feebly acidified soln. of ammonium molybdate furnishes 
brown molybdenum sulphide ; a neutral soln. is coloured brownish-red owing to 
the formation of ammonium sulphomolybdate. A feebly acidified soln. of 
ammonium tungstate is coloured deep blue ; the neutral soln. is not changed. 
V, Kohlschiitter and H. Rossi, and 0 . Brunck found that soln. of uranium salts 
axe reduced by hyposulphites to uxanous salts. A greyish-green precipitate of 
uranous sulphate is formed when a hyposulphite is added to a yellow soln. of uranyl 
acetate or nitrate. 

0 . Brunck found that manganous salt soln. suffer no visible change when 
treated with hyposulphites; acidified or neutral soln. of permanganates are 
immediately reduced to manganous salts ; and in alkaline soln. the dioxide is 
precipitated. * G. F. Mohr found that ferric salts are immediately reduced to ferrous 
salts : Na2S204-f Fe2(S04)3-f H2S04=2FeS04-i-2NaHS04+2S02 ; and O. Brunck 
found that when a neutral soln. of a ferrous salt is warmed, black iron sulphide is 
precipitated. Neutral or ammoniacal soln. of nickel salts give a precipitate of 
nickel sulphide ; and cobalt salt soln. behave in an analogous manner. 

The addition of hyposulphite to a dil. soln. of platinic cMoride gives a yellow 
coloration which becomes dark red owing to the formation of platinous chloride. 
A colloidal sobi. of platinum is not formed, but the metal is soon precipitated. 
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Neuiral or acidified soln. of paUadiiim salts are, at (U)itipl(ii(‘ly reduced to 
metal mixed with some sulphide. 

The hyposulphites are used in dyeing and colour jirminig ; in hh^aching 
sugar and in some analytical work. The so-eulled romjuiiic uml hydmldita 
are conimercial names for complexes of sodium hyf)(»snlplu(l<‘. and forniahh^hyde 
used as discharges for cotton. 

The constitiition of hyposulphurous acid and the hyposulphites. - l\ Schut^5(m- 
bergeris fijst gave NaHSOs; as the fonauia of sodium hyposidpiute, but 
A. Eernthsen showed that the formula is NaSOo or a jtiultlph^. of tliis 
P. Schiit^enherger assumed that the reactions : 2 BOu \- Zn | ■ IloO- 1 “ZiiSO^ ; 

and 3NaHS03+Zn=ZnS03-hH20+Na2SOad-NaJhS02 f^how that the sodiiua salt 
contains only one atom of sodium in accord with tlu‘- formuhi liO.lSO.H; 
C. W. Blonistrand also explained the reducing pr<)i)erti(‘H of tlu^ acid l>y assuming 
that it has the aldehydic structure HO.SO.il, and wlum tin' acid is oxidized, it 
hecomes HO.SO.OH. The formulae H2SO3 and NaJISO.j; W(M‘ci supported by 
'W, A. Dixon, J. Giossmann, M. Prud'homme,. and .L. ihiiuujum a,nd co-workers. 
A.Beriithsenfound that in the oxidation of the hyposul[)hit<^, oni5 atom of sulphur 
in the hyposulphite requires 3 atoms of iodine to form sulphur huu! id ; ait\t! hence the 
anhydride o£ hyposulphurous acid must he SoOg, not SO ; also, analysis shows that 
the atomic proportion Na : S is as 1 : 1 ; and this agroa^s witJi t)i<i <5rnpirioal formula 
(NaS02)n* "This also agrees with M. Bazlen’s analysis. This is supporttul by the 
formation of the zinc salt, ZaS204, when zinc dissolves in sulphurous acid, Zn-j -2802 
=ZnS204, observed by A. Bernthsen; and by the action of Hulpinir <lioxi(lo on 
granulated zinc in a cooled flask containing absolute alcohol. J. Mcy(‘r found that 
if the oxidation of sodium hyposulphite be conducted wiili an anuuouiacal soln. 
of cupric sulphate, two stages can be recognized ; for, in the cold, sodiinn sulphite 
is formed, and at a higher temp., in the presence of aninioxiiiun chlorides, sodium 
sulphate. A. Bernthsen showed that the consiunptioii of oxygtui agrees witli the 
equations : Na2S204-j-0=Na2S205, followed by the oxidation of the ])yroBulphite : 
Na2So05-+02+H20=2NaHS04. H. Moissan said that the synthosiH of the 
hyposulphite hy the action of the alkali or alkaline earth hydrid<i on Bulpliur dioxide 
proceeds according to the reaction : 2KH+2SO2— K^SaO^-b-irs 5 
formulated by P. Schutzenberger : 2KH+2SO2—2KIISO2. JL Erdmann and 
H. van der Smissen did not confirm II. Moissan’s observation in the case of (mhuum 
hydride. 

While chemical analysis does not distinguish bedween th<i formula NaS02 
01 Na2S204 — or still higher multiples — ^the i)robahility is that tlui a<‘id is dibasic 
because all the other oxy-sulphur acids arc dibasic with rcBpccfc to sodium. This 
is confirmed by observations on the electrical conductivity of soln. of BO(liuna hypo- 
sulphite basicity rule— 1 . 15 , 13 — and also with the assumption that with complete 
ionization the factor i — 1. 10 , 15 — apj)roachcB 3 , in accord with Na2S2()4=^2Na* 
+S2O4 and not with NraS02^Na +SO2'. This conclusion is also in harmony 
with measurements of the f.p. of dil. soln. of sodium hyposulphite. 

J. Meyer, and C. Engler deduced a graphic formula on the assumption that 
hyposulphurous acid is formed by the reduction of asymmetric sulphurous acid : 

H.S0.3i OH"^ ‘‘H " 




and that when oxidized, dithipnic acid is formed : 


H.SO2 

H.SOa 




HO.SO2 

HO.SO2 


M Bazlm su^ested that hyposulphurous acid is a disulphinic acid H-SOg-SO^H, 

witn a fe.b-linkage.^ This explains its formation hy the reduction of sulphurouB 
acid. FowerM oxidizing agents, such as iodine, cause rupture of the S.S-linking 
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witb. production of sulphate in place of the expected dithionate. Under certain 
conditions, manganese dioxide, potassium permanganate, or nickel oxide cause 
the formation of dithionic acid, which is also obtained from sulphurous acid ; in 
alkaline soln., however, dithionate is either not obtained or produced only in sub- 
ordinate amount from sulphite. A. Binz, however, argued that when methyl 
sui]>bate is treated with sodium hyposulphite, methyl hyposulphite is first formed, 
(0113)2^04 -h ^^a2S204“Na2S04+(^^H3)2S204 ; and that this decomposes into 
dimethylsulphone ; (CH3)2S204==S02+(CH3)2S02, He therefore recommended 

an asymnaetrical formnla Na.S0.0.S02.Na. This agrees with the action of sodium 
hyposiilpliite on formaldehyde — previously indicated — which results in the scission 
of the molecule at the oxygen junction between the two sulphur atoms : 




0< 


S.ONa 

CH2OH 


+ 0 < 


CH2OH 

SO.ONa 


and the formation of hyposulj)hitc from sodium hydrosulphite and sodium formalde- 
hydosulphoxylate is represented by the equation : 


2SO<, 


.OH 


ONa 


+S<] 


ONa 

O.CH2OH 


NaOBO ^ SONa 
NaO.S ^^"^CHgOH 


+H2O 


This also agrees with the assumption that hyposulphurous acid is a mixed anhydro- 
acid with an asymmetrical structure, and derived from a mol. each of sulphurous 
and snlphoxylic acids. It might then be anticipated that the hydrolysis of sodium 
hyposulphite should furnish the sodium salts of these two acids : Na2S204-|-H20 
r—NaHS03+NaHS02 ; but tbis is not the case. This means that the oxygen- 
bridge in the hyposulphites is very stable, and that it resists hydrolysis. The 
stability of the oxygen-bridge is supposed to be an effect of the unsaturated state 
of the sulphur atom of the sulphoxylate. The effect of mild oxidizing agents — 
vide supra — supports the asymmetrical structure. 

There are different views as to the way the sodium is combined in the molecule ; 
and this, in turn, is dependent on the active valencies of the sulphur atoms. Thus, 
there are the alternate forms : 


CH2OH.O. 

CHoOH.O. 

Aldebydosiilpliite 


CHjOH.O. „ 
NaO>® 
CH^OH.O. 

Aldeliydostilplioxylate 


NaO.Sx^ 

NaO.S<^ 




HyposrilpTiite 


where the metal is attached to sulphur by an oxygen-bridge when the sulphur is 
assumed to have a low valency, and it is attached directly to the sulphur atom when 
the higher valency is postulated. 

H. Bucherer and A. Schwalbe said that the sodium hyposulphite obtained by 
salting out from an aq. soln. always contains at least one mol. of constitutional 
water, and they assign to it the first of the following formulae : 


ONa 


/S^ONa 
ONa ^ 


They say that it has two hydrogen atoms replaceable by a metal ; that it is neutral 
towards litmus : and that with formaldehyde it forms an additive product which 
condenses with the amines. The second of these above formulae is not probable 
because the evidence shows that the CH2O is united to sulphur by an oxygen- 
bridge ; and the formula does not explain the scission of the molecule into two 
unequal parts, hydrosulphite and sulphoxylate, as previously indicated. J. E, Orloff, 
and H. Remy have made some speculations on the constitution of the hyposulpbites. 
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The tetrahodral structure of the sulplioxidcs has been MU|)poiT(Ml hy iJic oliSi^r- 
vations of H. PhillipsT^ and S. Sngden. If the nnsymmetnuuU su]]>l,ioxj(k\s 


^>S ~rO 


einitaiu a ])lau(^ of syniineiry i)assing tlirongli the t\v(v radiehvs !{| and IR, 
and l>us( 5 ctiiig the double bund, they should bo optically inaciiv(% but, if th(‘, double 
bond is soinT-polar, as m optically act iv(' imdhybetliylainiiK^ oxi(l(‘ of J. Moisen- 
Ijeiiucr, tin- two structui(‘s are analogous : 


^>S ~0 



0 


i\. (Jddu discussed the coustitutioii of the oxy-acids of sulphur in iiie light of 
his tk'ory of in(‘soliy(lry. H. B iirgarth, and T. J\1 . ijowry lias discussed the electronic 
structure of the oxy-adds of sulphur. The latter said that the S"don lia.s the 

‘dectronic structure :S:, aiul that the double negatWc charge of th(‘ sulpliitbi-ion 

would be, difitrihuted between sulphur and oxygon in the S' O'don, or : S : 0 of the. 

hypothetical acid H 2 SO; whilst the S02''”ion, : O : B : 6 or O'- H -O'-ion of th(‘. 
acicIH2S02 has both negative charges on oxygen, and none on Mulpluir. While, 
the ion of floBO-acidis incapable of existence, the ion of the lloSOo-ac/Kl has a low 
order of stability. Stable ions begin to be formed only wlien t;h<'- tH,nitiral sulphur 
atom acquires a positive charge as in tlie S 03 "-ions: 


:0: 

:0:S:0: 


or 


0 

D-S--0 


ions of tlie sulpihites ; or tlie S 04 "“ions 
'.O: 

:():S:*(): or 


0 

0 


ions of the sulphates. The sulphiu: scries of acid ends when four oxygiui al.oms are 
linked to the central atom. Pexsmphuric acid of the formula HjiSOs IH known, but 
it is to be regarded as a nionosulphonic derivative of hydrogen dioxide : 



0 

0,H 
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§ 13. The Hyposulphites 

M. Prud horame i prepared ammonium hyposulphite, {NH 4 ) 2 S 204 , by saturating 
a soln. of ammoniuru ]iy(&osul];>Mte, of sp. gr. 1-357, with a slight excess of anamoma, 
and agitating it in the cold with zinc turnings. Half the salt is converted into 
diamminosulphite, and half into soluble ammonium hyposulphite. 
The nitrate is free from zinc. Tic yield is 96-98 per cent, of the theoretical whero 



SULPHUR 


181 


6 mols. of ammonium hydrosulpMte form 2 mols. of ammonium hydrohsrposnlphite, 
presumably (NH4)HS204, one mol. of normal ammonium liyposulpliite, 2 mols. of 
zinc sulphite, and one mol. of the dianmiinosuli^Mte. The ammonium hydrohyi)o- 
sulphitc was not isolated. H. Moissan « obtained litHinm hyposulpliitej Li2S204, 
by tbe action of lithium hydride on sulphurous acid. The reaction is slow at^room 
temp., but proceeds quickly at 50'". Some lithium sulphide is formed at the same 
time. The preparation of sodium hyposulphite, has been described in 

connection with the acid. The salt obtained from the aq. solii. at ordinary temp, 
is the dihydrate, Na2S204.2H20, and it is very unstable. The dehydration of the 
hyposulphite without decomposition, said K. Jellinek, ist von alien Hyposulphitopera- 
tio7ien die sclmierigste. The anhydrous salt is obtained by heating the dihydrate 
above its dehydration temp., 52°, either alone or under cone, alk^ali-lye, sodium 
chloride soln., or alcohol, removing the mother-liquor by suction and drying in vacuo. 
These operations were the subject of patents by the Badische Anilin- und Soda- 
fabrik, the Chcmische Fabrik von Heyden, and the Farbwerke vorm. Meister 
Lucius und Brtining. It is everywhere necessary to keep the salt alkahne in 
order to retard its decomposition ; and also to keep the salt agitated to prevent 
the formation of clots. The Badische Anilin- und Sodafabrik obtained the 
anhydrous salt by the action of sulphur dioxide on sodium, a lead-sodium, or a 
mercury-sodium alloy, suspended in alcohol or ether ; M. Billy said that the 
sulphur dioxide reacts with sodium confined under alcohol, but not under ether ; 
and E. Grandmougin said that dry sulphur dioxide reacts with 
sodium only when traces of moisture are present. H. Moissan 
obtained the hyposulphite by the action of sodium hydride on 
sulphur dioxide. K. Jellinek found that 100 grms. of water 
dissolved 21*1 grms. of the anhydrous salt at 20° ; and 100 
grms. of soln. at 1°, 10°, and 20° contain respectively 12*85 
grms., 14*4:0 grms,, and 16*46 grms. of Na2S204 with the 
dihydrate as the solid phase. The solubility cuxve is plotted 
in Fig. 43. The ice-line extends to the eutectic at —4*58° 
with 1*93 molar per cent. Na2S204.. The solubility curve, mth 
the dihydrate as solid phase, extends to the transition point 
at 52° and 2*8 molar per cent, of Na2S204. M. Bazlen found 
that the transition temp, is 52° under cone, alcohol, and is 
not much altered if the salt he under a soln. of sodifim chloride or sodium hypo- 
srdphite. Above 52°, the anhydrous salt is the solid phase. Metastable soln. are 
represented by the curves CBA. The curve OB represents the solubility of the 
anhydrous salt below the transition temp, when the anhydrous salt is more 
soluble and less stable than the hydrate. The curve BA represents the solubility 
of the dihydrate above the transition temp., where it is more soluble and less 
stable than the anhydrous salt. 

R. Schiitzenberger described sodium hyposulphite as a salt which appears in 
colourless, acicular crystals which, when dried in vacuo, crumble to a powder. 
A. Eernthsen and M. Bazlen found that the dry salt can be kept many days in air 
without change, but when kept in a closed vessel for some months, it gradually 
loses its reducing power. In moist air, the salt is quicMy oxidized, and becomes 
hot. The Badische Anilin- und Sodafabrik added that its decomposition into 
thiosulphate and pyxosulphite is hindered if tbe crystals are washed with water 
mixed with alcohol or a ketone and dried immediately in vacuo. A. Eernthsen 
and M. Bazlen showed that the crystals melt when dehydrated at a dull red-heat, 
and burn with a blue flame with the evolution of sulphur dioxide. P. Schlitzen- 
berger said that when the salt is heated it develops water, sulphur, and sulphtxr 
dioxide, and leaves a residue of sodium sulphide and sulphate. M. Bazlen said 
that the heat of transformation of the dihydrate into tbe anhydrous salt is negative ; 
and that tbe heat of dehydration is also negative. R. Robl observed no fluorescence 
with the salt in ultra-violet light. K. Jellinek found that soln. containing an eq. 
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magnesium in iiie presence of a neutral solvent, like etiier or liglit petrofeiiin, is 
exposed to the action of sulphur dioxide, luagnesium hyposulphite is formed 
It is said that tracers of the metallic ethoxide and hydride are first formed ; the 
latter reacts vvitli tli(‘, sulphur dioxide to form the hyposulphite regenerating 
hydrogen, which converts a fresh portion of the metal into the hydride. An almost 
quantitative yield, and a more stable product, was obtained by the Badische Anilin- 
und Sodafabrik from a mixture of 750 litres of alcohol, 250 litres of water, 270 kgrms. 
of zinc-dust, and 4.70 kgrm.s. of sulphuric acid, well-stirred at a temp, above 40'^ — 
best at 60°-^75^- —washing the product with couc. alcohol, and drying in vacuo at 
60°”70°. M. Bazlcn obtaim^d the hydrated salt, contaminated with some sulphite 
by passing sulphur dioxide into water agitated with zinc-dust at ; and 

ailowing iJie oily liquid to crystallize. A similar process was employed by the 
Chcniische Fahrik von Grunau LandshofE und Meyer. According to V. vou 
Lang, the acicular crystals are rhombic and have the axial ratios a:b: c 
l’Oi76 : 1 : 0-5694. M. Bazlen said that the salt is very soluble in water and is 
liable to form supersaturated soln. ; the Farhcnfabrik vorm. F. Bayer also 
found it to be easily soluble in aq. ammonia. The salt rapidly loses its reducing 
power when exposed to air ; and when kept in closed vessels it loses sulphur dioxide. 

M. Bazlen observed that a soln. of zinc hyposulphite forms complex salts with 
the alkalies and alkaline earths. The Farbenfahrik vorm. F. Bayer obtained 
soluble ammonium zinc hyposulphite, by reducing an alkali hydrosulphite with 
zinc- dust in the presence of ammonium chloride. The Badische Anilin- und 
Sodafabrik obtained sodium zinc hyposulphite, Na2S204,ZnS204, as a crystalline 
precipitate by adding sodium chloride, nitrite, or acetate to a soln. of zinc hypo- 
sulphite ; the water of crystallization is expelled at 100°-110'^. It is also made by 
adding zinc chloride to a soln. of sodium hyposulphite. M. Bazlen said that this 
salt is x^rodneed as a white solid when sulphurous acid soln. of sodium hydrosulphitc 
is reduced with zinc-dust. The product is impure. Similar remarks apply to other 
modes of preparation in which zinc and sodium salts are involved — e.g, of the 
Farbwerke vorm. Meistcr Lucius und Briining, the Chemische Fabrik von Griesheiin 
Elektron, and G. Munch. The double salt is said to be fairly stable ; less easily 
dissolved by water than the component salts ; easily soluble in ammonia. The 
Farbenfabrik vorm. F. Bayer obtained what was considered to be sodium zinc 
sulphitodihyposulphite, NaoS03,2ZnS204, by treating a warm. soln. of zinc hyposul- 
phite with sodium hydrosulphite. M, Bazlen, the Badische Anilin- und Sodafabrik, 
and the Farbwerke vorm. Meister Lucius und Briining prepared potassium zinc 
hyposulphite by the method employed for the sodium salt. It is insoluble in 
alcohol. M. Bazlen found that calcium zinc hyposulphite is more soluble than its 
components, and J. Grossmann thought that the soln. of the double salt was an 
easily soluble calcium ’hydrohy'posulfhite, 0. Brunck prepared sodium cadmium 
hyposulphite, Na2S204.2CdS204, as a white crystalline j)recipitate, by mixing cone, 
soln. of cadmium sulphate and sodium hyposulphite. P. B. Sarkar prepared 
gadolinium hsrposulphite in. an impure state. 0. Brunck found that stannous 
hyposulphite is obtained as a white crystaUine precipitate by adding stannous 
chloride in neutral soln. to a soln. of sodium hyposulphite. The precipitate is 
soluble in an excess of the sodium salt ; if the stannous chloride soln. be acidic, 
stannous sulphide is ' precipitated as in^cated above. According to W. Farmer 
and J. B. Firth, sodium aisenious hyposulphite, Na3As(S204)s, was formed as a 
cream-white powder by agitating a mixture of 2-75 grms. of sodium hyposulphite 
in a cold soln. of 2*75 grms, of sodium arsenate in 3 c.c. of water. The granular 
precipitate was washed five times by decantation with methylated alcohol and four 
times with benzene, and dried in a quartz dish in vacuo over sulphuric acid for 
24 hrs. When a small quantity of the product is strongly heated in a bunsen flame, 
a brown and a yellow sublimate is formed and a garlic odour developed. If 
cautiously heated, the product first turns brown and, when more strongly heated, 
gives a brown and a yellow sublimate as before. Wlxen a small quantity of the 
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product is treated with dil. hydrochloric acid, sulphur dioxide is evolved and 
brown arsenic tritasulphide, AsgS, is formed. 
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§ 14, Sulphur Sesq[uioxide i 

|| 

The hypothetical hyposulphurous anhydride, S 2 O 3 , has not Ixhjix prepared, but i 
E. Weber ^ reported what he called ditUonoxyd, or thionyl oride, (SO)^^, or ; 

sulphur seSQLuioxide, S 2 O 3 , to be formed by the action of dried llowo.ra of sulpluir, 1 

added in small <][uarLtities at a time, on an excess of sulphur trioxidc. Dro ])8 of i 

a deep blue colour sink to the bottom and solidify immediately ; the tcnij). during 1 

the operation must he kept at about 15°, for if it is lower, the anhydride no longer 
remains liq;iiid ; if higher, the substance decomposes. When about a gram of 
sulphur has been added, the anhydride, which should have remained |>crftHjtly 
colourless, is poured ofi, and the solid bluish-green crystalline mass is freed from any 
impurities that remain by gentle heat. The bluish-green crystalline mass decom- 
poses at ordinary temp, giving ofi sulphur dioxide, and leaving, when sheltered from 
moisture, perfectly dry sulphur. In presence of water it is immediately decom- 
posed, forming sulphuric, sulphurous, and probably thiosulphuric acids. Absolute 
alcohol ^d^ anhydrous ^ ether decompose it with deposition of sulphur. The 
sesquioxide is insoluble in sulphur trioxide, but it is very soluble in a mixture of 
sulphur trioxide and ordinary sulphuric acid, and the solution when kept in sealed 
tubes remains Hue for many weeks, but gradually becomes green, then brown, 
and finally assumes the ordinary hue of oil of vitriol. The brown liquid is pro- 
duced by the addition of weaker acid or of sulphur to the blue soln. ; the former 
is theinnch less stable of the two. The blue sesquioxide dissolves in a mixture of 
sulphuric acid containing a fifth or less of sulphur trioxide, with formation of the 
brown liquid ; in an acid containing more than a fifth sulphur trioxidc a blue 
liquid is produced, while in an acid weaker than sulphuric acid the sesquioxide 
is completely decomposed. The sulphur sesquioxide prepared by B. Weber is 
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an indifierent oxide, wLich cannot be regarded as the anbydride of an acid. 
H. Piotrowsky observed its formation in the action of bydrazine on sulpbiir dioxide. 

Tlie blue substance lias been in part discussed in connection with colloidal 
sulphur (q.v.). In 1801, (J. P. Bucholz obtained a blue distillate by heating a 
mixture of sulphur and sulphuric acid in a retort. F. C. Vogel obtained it by the 
action of sulphur on sulphur trioxide and noted that b}’’ using di:fferent proportions 
of sulphur and of its trioxide, brown, green, and blue products are obtained. The 
brown substance contains the largest proportion of sulphur, and the blue substance 
the least. When the mixtures are heated, they evolve sulphur dioxide, and some- 
times a little sulphur trioxide while sulphuric acid remains beliind— this shows 
that some water was also present. In contact with water, these coloured products 
are resolved, with the evolution of much heat, into sulphur, and sulphurous and 
sulphuric acids. The blue product forms sulphates with the alkalies and alkaline 
earths while much sulphur dioxide is evolved. J. S. C. Schweigger showed that 
the coloured substances can be readily converted one into the other, and that all 
of them are readily decomposed, forming sulphur, etc. H. Rose observed that the 
blue liq[uid reacts violently with ammonia gas, fornoiing a carmine-red soln, which 
produces a white mass of ammoniacal salts having red spots here and there. 
When extracted with water, sulphur remains imdissolved. According to 
N. W. Fischer, when the vapour of anhydrous sulphuric acid is passed into a tube 
containing dry sulphur and the tube sealed, the blue product is formed at particular 
places, and is immediately decomposed, forming sulphur dioxide and trioxide. If 
a trace of moisture be present, there may be a slight evolution of gas, and a liquid 
is formed which is first brown, then green, and finally blue. In a few days, the 
liquid becomes coloxudess. When the tube is open^, sulphur dioxide escapes 
with violence, and the remainder may form a blue liquid. Sulphuric acid itself' 
dissolves very little sulphur. J. J. Berzelius, and W. Stein supposed that these 
coloured liquids are soln. of sulphur, and a similar conclusion was drawn by 
J. Biehringer and W. TopalofE. 0. F. Wach obtained the coloured liquids by 
allowing alternate layers of well-dried flowers of sulphur and sulphur trioxide, in 
sealed glass tubes, to act on one another at 16^-19*^, For the brown product, 
sulphur and sulphur trioxide were employed in the gravimetric proportions 2 : 10 ; 
for the green liquid, 1-5 : 10 ; and for the blue liquid, 1 : 10. 

P. P. von Weimarn regarded the blue sulphur sesquioxide as a soln. of sulphur 
in the trioxide. R. Auerbach said that sulphur dissolves in pyrosulphuric acid 
as S2-mols., without the formation of S2O3 ; and he found that the f.p. of 
soln. of sulphur in pyrosulphuric acid indicated that the sulphur is in the diatomic 
form, and is less poljunerized — i.e, more highly dispersed — ^than it is in most 
organic solvents where it is octatomic. No indication of the formation of stdphur 
sesquioxide was obtained. 

I. Vogel and J. R. Partington obtained a substance of approximately constant 
composition — S2O3 — by adding either sulphur to liquid sulphur trioxide or mce 
mrsa. The mol. wt. in soln. could not be determined because it was at once 
decomposed by all the solvents tried, including phosphorus oxychloride. The 
sesquioxide begins to decompose at about 70°, and decomposition is complete at 
95°. The residue then melts to a liquid which has aU the characteristic properties 
of sulphur. When the sesquioxide is treated with water, it is immediately decom- 
posed, forming a pale yeUow soln., which immediately decomposes, forming a turbid 
soln. by the separation of sulphur. The filtered soln. contains sulphuric and 
trithionic acids together with indications of tetrathionic, pentathionic, and 
sulphurous acids. It was suggested that the decomposition first proceeds : 
8203=80+802 ; that some of the monoxide polymerizes and forms pentathionic 
acid : 5SO+H2O— HgSsOg ; and that another portion produces sulphoxylic acid : 
SO+B2O—H2SO2- The formation of trithionic acid may take place in accord 
with the equation z S203+S02+H20=H[2830g, or 80+2802+112^^^ 

The trithionic acid then reacts with nascent sulphur, forming tetrathionic and 
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p&ntatliioiiic acids. Tlicre is a violent reaction witli other uiicl the clocoiii- 

poses with the separation of sulphur, and the formation oE a yellow soliu ; and a 
similar result was obtained with absolute ethyl alcohol. With an {inhyclrous soln. 
of sodium ethoxide, there is a vigorous reaction, fonxiiiig a yellowisli-hrown liquid 
and a yellow crystalline solid— sodium ethyl sulphoxylate, N'a((Ulr,)HO;;>. Sulphur 
sesq^uioxide dissolves in oleum with the formation of a d(i(3p blue soln. identical 
with that produced by the addition of sulphur. A soliu of indigo in ct>n(‘-. sulphuric 
acid or of indigo-carniine in water is partially decolorized j in no case could coin])lctc 
decoloration he effected even by the addition of comparatively la rg(i quantities of tli o 
substance. A similar reaction takes place with strongly ainnioniacjal (30[)pei: sulphate 
soln., the decoloration being only partial. I. Yogcl and J . It. Partington concluded 
that pure sulphur is insoluble in pure sulphur trioxidc, although coinbinaiion occurs 
with the formation of sulphur sesquioxide, which is also practically insoluble. It 
is only in the presence of small quantities of water that the substance dissolves 
to a blue soln. The blue liquid is a molecular soln. of sulphur sesquioxidci in oleum, 
whilst the other coloured liquids produced by the dissoluilori of sulphur in fuming 
sulphuric acid of certain strengths axe mixtures of colloidal soln. of sulphur and 
moL soln. of sulphur sesquioxide. The compound was studio, d by W. Prandtl 
and P. Eorinsky who represented its constitution by 


O 
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§ 16 . Sulphur Diosdde and Sulphurous Acid 

It was shown in connection with the history of sulphur tJiat the lutiuns from 
burning sulphur^ were used from the earliest times for disinhicting pnrpost's. 
Paracelsus,^ in his De naturalihus rebus, said that crude sulphur lias proj)crty 
of bleacMng red colours with its fumes; it turns red roses into wdiit<'. ontss/' 
A. Libavius, 1595, obtained what he called sjoiritus sulfuris mndm by l(^a(liug the 
fumes from buimng sulphur into a -vessel full of water ; and he (>bH(^rv('d tliat 
when this soln. is exposed to air it is converted into an acid idcuiticuil with tliat 
obtained by distilling vitriol, or treating sulphur with nitric^ acid. J, Ib van 
Helmont observed that the gas extinguished a flame, and ho regarded it as a 
spiritus sylvestris. He said : 

^ Everjr seed of burnt sulphur is destroyed by the flame and it is thorfd>y tranHforined 
into a gas or a apintum sylveatrem, which by reason of the pxoporties of its own concrete 
or composed body, la an antidote against the peat. 

E. Stahl, 1702, distinguished between sulphurous and sulphuric acids and called 
them ^speotively aetdum volatile, and acidum fizum, although some later writers 
—e.p. H. Boerhaave— said that the two acids are the same. G- 1. Stahl supposed 
sulphurous acid to come between sulphur and sulphuric acid ; and said that 
sulphur in burning looses phlogiston and forms sulphuric acid, and that the 
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sulpliuric acid unites with some undecomposed sulphur to form sulphurous 
acid ; hence sulphurous acid was considered to be jphloyisiicated sulphuric acid, 
A circumstance, addexi H. Cavendish, “ which I think shows the truth of this, 
is that if oil of vitriol be distilled from sulphur, the liquor which comes over will 
be the volatile sulphureous acid.” J. Priestley, 1775, prepared sulphur dioxide, 
and collected it over mercury. He called it vitriolic acid air. In opposition to 
the phlogiston theory, A. L. Lavoisier, 1777, proved that the diherence between 
sulphurous and sulphuric acid is not due to the different proportions of contained 
phlogiston, hut rather to the degree of oxidation of the sulphur. He called the 
gas from burning sulphur gaz acide sulfureux, and the sbln. in water acide sulfureicx 
ill contrast with the more highly oxidized acide sulfurique. The gas was analysed 
by J. L. Gay Lussac in 1808, and by J. J. Berzelius in 1811, and 1818 ; and its 
salts were studied by A. P. do Pourcroy and L. hT. Vauquelin. 

Sulphur dioxide occurs in the gaseous exhalations of volcanoes and fumaroles 
as indicated in connection with hydrogen sulphide. The presence of sulphur 
dioxide in the gases associated with volcanic activity is common. The gas is found 
in the grottoes of Santa-Fiora, Sienna, iEtna, Stroinboli, Bourbon, etc., as well 
as in the volcanoes of Java, Andes, etc. It also occurs in the springs of water near 
active volcanoes. The occurrence of sulphur dioxide in the fumes from Vesuvius 
was noted by H. Davy ; ^ T. Monticelli and JST. Govelli said that the gas is pro- 
duced in fissures and holes only when atm. air is in contact with red-hot lava ; 
and P. Hollmann, that hydrogen sulphide, not sulphur dioxide, was emitted by 
flakes of fresh scoriae when broken. Hence, added G. Bischof, the presence of 
sulphur dioxide presupposes atm. air, and it can be supposed to be formed at such 
depths as are accessible to air, whether the sulphur is furnished by sulphur or by 
sulphides. L. Ricciardi attributed the formation of sulphur dioxide in volcanic 
gases to the interaction of silica with calcium and magnesium sulphates, either 
jointly or singly, and the sulphur trioxide which separates is decomposed into 
sulphur dioxide and oxygen: Si0ii+MgS04=MgSi03 (enstatite)+S03 ; Si02 
+0aS04-=CaSi03 (wollastonite)-f SO3 ; and Si02+CaS04+MgS04=MgCaSi04 
{monticcllite)-|-2S03. An artificial mixture of granite with magnesium and 
calcium sulphates evolved sulphur dioxide. On the other hand, E. Bunsen 
attributed the formation of sulphur dioxide to the oxidation of hydrogen sulphide, 
and to the decomposition of the sulphates of the alkalies and alkaline earths at a 
high temp. R. T. Chamberlin also observed that ferrous sulphate and basic ferric 
sulphate are decomposed by heat : 2PeS04=Fe203+S02+S03 ; and ^628209 
=Fe203+2S03. He also noticed that some rocks give ofi relatively large amounts 
of sulphur dioxide when heated. G. C. Wittstein noted sulphur dioxide in the 
waters of Alle Prese, Orisons. Sulphurous acid has been found in numerous 
mineral waters by F. Boudet, and others. G. Witz observed that the existence 
of sulphur dioxide as a normal constituent of the air of towns is shown by the fact 
that placards coloured with red-lead, posted in situations where they are pro- 
tected from the sun and rain, became gradually decolorized, whereas similar 
placards exposed under similar conditions in country air retain their colour 
unimpaired. The decolorized placards are found to contain lead sulphate and 
lead sulphite, the lead dioxide in the red-lead having been converted into the 
former, and the monoxide into the latter. This decolorization of the red-lead 
takes place much more rapidly in shop windows where gas is burnt. Sulphurous 
acid was also found to occur in hail, snow, and especially hoar frosts in the neigh- 
bourhood pf towns. L, Coniglio found alkali sulphites to be products of the normal 
activity of Vesuvius. G. H. Bailey found a maximum of 32*2 mgrms. of SO2 per 
100 0. ft. of the air of Manchester and Salford, and a minimum of 1*0 mgrm. per 
100 c. ft . — vide 8 . 49, 1. H. Wislicenus observed that the air in different parts 
of the Tharandt Forest, ten kilometres from any source of smoke, showed the presence 
of sulphur dioxide inside the forest, though in less quantity than at the edges. 
0, le Blanc reported it to occur in some natural waters, though its tendency to 
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oxidation to sulpknric acid renders it an unlikely occurrence in v(ny special 

cases. 

PieparatioB. — Sulpliur dioxide is formed wlicu sulphur burns in air or oxygen. 
Some sulphur trioxide is produced at the same time, as indieiit,<'cl in coinu^cliori with 
the chemical properties of sulphur. If air bo eTnj)loye(l, the sul})lurr dioxide is of 
course accompanied by nitrogen from the air. The nitrogen dex's no barm in some 
of the technical applications of the gas. Numerous furnaces liav(5 Ixam de-vised for 
burning sulphur ; many of these are provided with aiitomat-ic feeders, anti agitators. 
These are described by W. Wyld,^ and others in works devoted to th(‘. manufacture 
of sulphuric acid. The gas is also obtained hy roasting many ttudial suljiliides in 
air. In 1818, T. Hills and U. Haddock obtained a patent in England for producing 
sulphur dioxide by roasting pyrites for the manufacture of sulj)lnirie, acid ; but, 
according to E. Sorel, this was done by a French manufactiirt^r, M. d’Artigucs, in 
1793, N. Clement also made experiments on the subject in 18 K). The burning of 
pyrites on a large scale is done by heating iron pyrites, copper pyrites, zin(d)lende, 
etc., in special kilns or burners, so arranged that the heat of oxidation is utilized 
for maintaining the process without extraneous fuel. As shown by A. Rclicurer- 
Kestner, Gr. Lunge and P. Salathe, and D. Pierson, some SLil]>luir irioxidc is formed 
in this operation — md.e. su 2 )ra, the oxidation of sulphur. There arc also burners 
arranged for roasting the spent oxide of gas-works so as to oouvert the siiljihnr 
into sulphur dioxide ; hydrogen sulphide may also bo burnt to sulphur dioxide 
in special burners. Some sulphide ores are roasted in heaps in tln^ op(“ii air with- 
out any regard for the contained sulphur. The ultimate object is the extraction of 
the metal. The damage to health and vegetation, is, however, so great that tlui 
nuisance has been stopped by legal enactments. Fox the same immxsou, the noxious 
vapours — mainly sulphur dioxide — ^in many manufacturing districts have to be 
treated for the removal of sulphur dioxide and trioxide before the vSinokc is 
permitted to escape into the atmosphere. The various methods for treating acid- 
smoke, smelter-fumes, hydrogen sulphide, etc., for the recovery of the aulplmr in 
the gas as sulphur dioxide, are described in special treatises — e.p. by C. A. liering, 
C. Schnabel, W. Wyld, etc. F. Siemens converted hydrogen sulphide into sulphur 
dioxide by burning it admixed with air at 280'^-320° in contact with a catalyst 
containing a metal capable of combining with sulphur — e.g, coppier, nickel, or iron 
— ^and an oxygen carrier — e.g. vanadium, chromium, or molybdenum. L. H. Diehl 
devised a process for recovering the 1-5 per cent, of sulphur — chiefly as calcium 
sulphide— in blast-furnace slag, by blowing hot air through the fused slag as it is 
tapped from the furnace. The air which escapes at about 950"^ contains about 
10 per cent, of sulphur dioxide by voL Sulphur dioxide is also formed when 
other sulphur compounds axe heated in air — e.g. when carbon disulphide is burnt ; 
and as V, CoUan and others have shown, when coal gas is burnt. 

Sulphur dioxide is also produced when the oxides of many metals — manganese, 
2inc, lead, mercury, etc., are heated with sulphur, or with sulphur compounds of 
the same metals, Thus, P. Berthier used pyrolusite, Mn02+2S^MnS+S02 ; or 
2Mn02-[-S==SO2+2MnO ; and R. P. Maxchand, a mixture of copper oxide and 
sulphur : 2CuO-f 2S=Cu2S-fS02. F. Stolba heated sulphur with ferrous sulphate, 
FeS04-t-2S=FeS-|-2S02, and, as a by-product, obtained ferrous sulphide for the 
manufacture of hydrogen sulphide ; T. Terrell utilized the reaction : 2FeS04 
-b2S+30==Te2034-l:S02, and employed the ferric oxide as a pigment ; the reaction 
of sulphur with cupric sulphate was stated by H. Sohiff to proceed more easily 
than with ferrous sulphate. G. Bruckner made a special study of the action of 
sulphur on the sulphates. F. Martin and 0, Fuchs found that the alkaline earth 
sulphates are reduced to sulphides when heated with iron, and the reduction occurs 
at a lower hemp, than when coal is substituted for the iron. The reduction is 
complete in half an hour at 750° for calcium sulphate; at 860° fox strontium 
sulphate; and at about 950® for barium sulphate. In the presence of insufficient 
iron and at about 150® higher, a rapid evolution of sulphur dioxide takes place. 
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The best conditions for this are, for calcium sulphate the mixture 16CaS04+15Fe, 
giving 80 per cent, of the theoretical yield of sulphur dioxide ; for strontium 
sulphate the mixture 9SrS04+8Fc, giving an 88*9 per cent, yield. These reactions 
lead to the formation of well defined ferrites, 3CaO,2Fe203=Ca3Fe40g ; 2Sr0,Fe203 
=Sr2Fe205 ; and Ba0,Pe203=BaFe204. Too little iron leads to the formation of 
alkaline-earth sulphide, too much iron gives also iron sulphide. Sulphur dioxide 
is also evolved by heating the alkaline-earth sulphates with iron sulphide ; this 
can be carried out commercially by using pyrites to which has been added a little 
iron oxide. L. Moser purified the gas by the fractional distillation of the liquefied gas. 

Sulphur dioxide is produced in the thermal decomposition of cone, sulphuric 
acid, as when the acid is dropped into a red-hot platinum fiask packed with 
pumice-stone- Sulphur dioxide is also formed when many sulphates are heated, 
for the sulphur trioxidc first given off breaks up into oxygen and the gas in 
question. The Verein Chemischer Fabriken Mannheim used iron oxide as catalyst 
at about 900° — viie supra, sulphur. H. S. Elworthy obtained it hy heating a 
mixture of sodium sulphide with calcium or sodium sulphate in a converter furnace 
in air, when all the sulphur is given off as sulphur dioxide ; and L. P. Basset 
heated a mixture of calcium sulphate with alumina and powdered coal. Sulphur 
dioxide is also formed when sulphuric acid is heated with sulphur : 2H2SO4+S 
“3S02+2H20, as shown by J. B. A. Dumas, and C. F. Anthon. H. L. F. Melsens 
found it to be an advantage to mix the acid and sulphur with pumice-stone. 
E. Flart recommended warming sulphur with fuming sulphuric acid, containing 
30 per cent. SO3, when the blue soln. so formed is heated, sulphur dioxide mixed 
with some trioxide is given off. The evolution of the dioxide ceases when all the 
trioxide has been acted upon, and the sulphur melts. J. Knezaurek obtained 
sulphur dioxide by heating sulphuric acid with charcoal : 2H2S04+C=2H20 
-I-28O2+CO2, for purposes where the admixed carbon monoxide and dioxide 
will do no hand:!. W. L. Scott recommended using acid of sp. gr. 1-824 containing 
74 per cent. SO3. If a more cone, acid is used, a portionds reduced to sulphur ; 
and if a more dil. acid is employed, some hydrogen sulphide is formed. The 
washing liquid should be mixed with lead sulphate or. coarsely powdered charcoal. 
One of the commonest methods of preparing small quantities of sulphur dioxide 
is to heat cone, sulphuric acid with copper : Cu+2H2S04==S02+2H20+CuS04 
— vide 3, 21, 6. According to G. J. Warner, sulphuric acid is reduced to sulphur 
dioxide at 160°, and S. Cooke showed that the reaction is accelerated by the 
presence of platinum. C. Bolle heated nitre-cake, acid sodium sulphate with 
wood-shavings and coke ; J. S. and A. A. Blowski, with petroleum sludge ,* 
6. Schildhaus and C. Condrea, with acid-tar or sludge ; and I. P. Llewellyn and 
P, Spence, and P. Hart with pyrites in order to obtain sulphur dioxide. Sulphur 
dioxide is formed by the action of cone, mineral acids on sulphites, on thiosulphates, 
and on all polythionic acids. L. G. Wesson found that solid metahydrosulphite 
alone or mixed with a dry solid pyrosulphate is hygroscopic in moist air, and gives off 
sulphur dioxide. G. Neumann obtained sulphur dioxide from a Kipp’s apparatus 
by using cubes made of calcium sulphite and plaster of Paris, and cone, sulphuric 
acid. E. Geisel, and F. W. Kiister and F. Ahegg devised an apparatus for pre- 
paring the gas from cone, sulphuric acid and soln. of hydrosulphites. W. Garroway 
decomposed a soln. of sodium hydrosulphite by sodium hydrosulphate or sulphuric 
acid. Most of the sulphur dioxide is driven out in the cold, the remainder by the 
injection of steam. L. Monnet fused a mixture of alkali hydrosulphite and sodium 
thiosulphate, and found sulphur dioxide is given off when the granulated mass 
comes in contact with water. P. Pierron obtained sulphur dioxide at the anode 
during the electrolysis of ammonium thiosulphate. F. Clausnizer observed that 
sulphur dioxide is formed hy the action of phosphorus pentabromide on sulphuric 
acid ; E. Divers and T. Haga, by the action of alkali metals on nitrosulphates ; 
and H. Beckuxts and R. Otto, by heating chlorosulphonic acid to 170°“-180°. 
E. Cardoso discussed the preparation and purification of the gas. 
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According to A. Gautier, trater vapour attacks sulpludcs of tlic In-avy tn<itals 
— EeS, PbS, etc.~at an incipient red-heat, fonnitig liyilr<)g(Mi sulphkU', liydrogon, 
and sulphur dioxide. In some 'cases, the suljdiide is reduced to lue.tul -e.^r. 
Cu 2 S-|- 2 H 20 = 2 (Jud SiL-t-SIL. The sulphur oE hydrogen snljihidc may he 
oxidized by the oxygen of -wate.r-vapour at a icd-lieat _ giving sulphur dioxide, 
hydiogen, and traces of srdpbur, sulphuric acid, aiul thioiuc acids. Ihbiie.e, the, 
presence of oxygen is not necessary to account for sulphur dioxithb in vol(!auie, 
gases. 

Sulplmr <iio:jckIe for liquefaction is made I 37 a process wliioli giv(\s a product, 
of a kiglier degree of purity than is needed for some operations. If the sulplmr 
dioxide is dilated witli much inert gas, it requires concentration. This wsulvjcct 
is discussed in a special monograph by k. Harpf, and E. B(diiit.z. Jn som,(3 
iiH‘ burner gases arc scrubbed with water, cooled with watiCr, an<i tile', T<‘Hulting 
liquid heated in order to recover the absorbed sulphur dioxidiv c,//. K. Jheiet, 
y, B. Carpenter, H. Hegeler and N. L. Heinz, Compagnic Indust-rielle (b's AIcools 
de TAjcdeche, E. Schroeder and M. Haenisch, A. H. Eustis, edc. Other liquids havi' 
been recommeiided in place of water — c,g. E. Bergmaun aud T. Ihudiiu'r ustul a 
sola, of calcium, hydropliospliatc ; E. E. Coombs, milk of lime or sodium luitbouatc ; 
H. E. Moore and B, B. Wolf, calcium chloride; J. L. Babe and 11. ra])^, a sohi. 
of an indiSerent salt; E. Kuhlmann, heavy coal-tar oil; P. Bascsal, carbolic oil; 
etc. F. W. Andrews discussed the purification of commercial Hulj)}inr dioxide by 
fractional volatilization of the liquid. 

The physical properties oE sulphur dioxide. — At ordinary tean,]). aaui press., 
sulphur dioxide is a colourless gas of suffocating smell. It can be oondensed to a 
colourless liquid, and frozen to a colourless, transparent, crystalliiu^ solid, dhc 
relative density of the gas, air unity, was found by H. Ihivy ^ to bo 2-193 ; 
T. Thomson gave 2*2222 ; B. F. Marchand, 2*0412 ; If. V. .Rcgnaiilt, 2-221 ; 
J. Buff, 2*2277 ; J. J. Berzelius, 2-247 ; J. L. Gay Lussac, 2-255 ; h. Blcokrode, 
2*234 at 15° ; A, Leduc, 2-2639 ±0-0001 ; G. Bauer, 2*881 at 716 mm., and 2-9X0 
at 724 mm. D, Berthelot gave 2*04835 (oxygen unity) at 0 ° aud I atm. press. 
E. Mathias found the density, D, of the sat. vapour of sulphur (lioxi<lc. can be 
represented by 71=1-4328(1— w— 1-140(1— m)^±0-579-}, where m represents 
temp, referred to the critical temp, as unit, ; or 0-003340 

-0-07887(156 — 0)'. ^ L. P. Cailletet and E. Mathias found the density of the sat* 
vapour of sulphur dioxide, referred to water at 4 °, to be : 

7-3“ 24-7“ 58 2“ 78-7“ lOO'O'’ X23'0" 144'0'’ 354*9® 

Density . 0 0 0624 0*0112 0*0310 0*0464 0-0780 0*1340 ()*2195 0*4017 


Towards the critical temp. 156°, the density of liquid and gas approach the limiting 
value 0*52, C, von Linde gave 0*002861 for the density of the gas at 0° -“-“Water 
unity ; and G. Bauer, <}*00286 at —10° and atm, press. 
E. Exner made some observations on this sxibject. 
The weight of a normal litre of sulphur dioxide was 
found by A. Leduc to be 2-9267 gnns. and for the 
weight W of gas at normal press, when the weight is 
Wp at a press., p, between 0-5 and 1*0 atm., is W 
— PFp760{l±0*0000323(760— p)}/p, A. Jaquerod and 
A, Pintza found 2'92664±:0-0()01 grms. when the value 
for oxygen was 1*4292 grms. The weight of a litre of 
the gas at 0° was 2*18172 grms. at 570 mm. press., and 
1*44572 grms, at 380 mna. pucss. G. Baume gave 2-9266 
grms. for the weight of the normal litre, and the coeff. 
t . 11 ^ representing the deviation from Boyle*s law is 0-02380 

and S. J. Pickering reviewed the 
■iiilnbiiT subject. M. Paraday gave 142 for tire specific gravity of liq.md 

sulpbcr dioxide ; A. EusBy, 145 ; L.Dufour, 149 at -20° ; J. I. Pierre; 14911 at 



Fig. 44. — Law of Kecti- 
iinear Diameter for 
Diquid and Gaseous 
Sulphur Dioxide. 
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-20-5° ; E. d’Andreeii, 1A333 at 0° ; L. Bleekrode, 1-359 at 15° ; E. Nasini, 
1-3667 at 24° ; and L. P. Oaillctet and E. MatMas : 

0 - 0 '" 21 * 7 '’ 52 - 0 '' 102 ' 4 ® 320 * 45 * 140 - 8 “ 151 75 * 155 05 * 

Sp.gr. , I'iim b3757 1-2872 M041 1-0160 0-8690 0*7316 0-6370 

B. Mathias said ihat i.lie density between 90*^ and lib"" can be represented by 
l*2312(m— 0*509^-1*055 where m denotes temp, referred to the critical 
temp, as unit. B. ( 'ardoso found the law of the rectilinear diameter holds good 
except for a sliglit deviation near the critical point — Fig. 44. W. Herz discussed 

the sp. gr. of the licpiid. A. Jjange represented the sp. gr. D, and the mean coeff. 

of cuhieal (‘.\pansion, /?, of the liquid, ])y 



- 50“ 

-ur 

- 30“ 

-20“ 

-10“ 

0“ 

10“ 

20“ 

1) . 

1*5572 

1-5331 

] -5090 

1*4846 

1-4G01 

1*4350 

1-4095 

1-3831 

ft ■ 

— 

0-00157 

0-00160 

0*00164 

0*0016 

0*00175 

0-00182 

0-00192 



40“ 

50“ 

C0“ 

70“ 

80“ 

90“ 

100“ 

1) . 

j-3r>5() 

1-3264 

1-2957 

1-2633 

1*2289 

1-1920 

1*1524 

1-1100 

ft ■ 

0-0020(5 

0-00223 

0*00240 

0-00261 

0-00285 

0*00315 

0-00350 

0*00390 


The change of vol. Sv with temp, was measured by J. I. Pierre, C. Drion, and 
(rAndreelT ; whih^ A. Lange found : 

-3(P -20* 0* 20* 40* GO* 80* 100“ 

hr . ()-951() 0‘)6l)(i 1-0000 1-0375 1-0819 1-1389 1*2039 1-2929 

0. ij, Ih‘rtli()ll(‘t *''' found the s|). gr. of a sat. aq. soln. of sulphur dio^Lide to be 
1-010; T. Thomson, 1*0513; B. Bunsen and F. Schonfeld gave 1*06091 at 0“^ ; 
1*05472 at 10'' ; 1*02386 at 20"^; and 0*95548 at At 15°, A. Scott found for 
soln. witli 

SOo . 0*5 1-0 2-0 4*0 6-0 8*0 10*0 per cent. 

1*0028 1-005G 1*0113 1-0221 1*0328 1*0426 1-0520 

Obsiu'vaiions were also made by E, F. Anthon, B. Wagner and L. Gautier, H. Schiff, 
U. Gerlaeh, H. Hager, 0. Umney and T. Tyrer, and T. H. Sims. W. B. Giles 
aiul A. Slu'anu show(Jcl that a good approximation to the relation between the sp. 
gr., />' and the ])erccntage composition of the soln., 'p, can be represented by 
at 15*4°, and 760 mm. This means that the percentage of SO 2 , 
multiplied by 5, gives the sp. gr. of the soln. over and above 1000. Thus, for 
instance, a soln. containing 1 per cent, of SO 2 has a sp. gr. of 1*005, one of 5 per cent, 
a sp. gr. of 1*025, one of 10 per cent, a sp. gr. of 1*050, and so on ; so that, on the 
other hand, if we know the sp. gr,, we can at once tell the percentage of SO 2 , provided 
that this is the only body present to influence the sp. gr. L. Carms represented the 
sp, gr, of a soln. of the gas in alcohol at 760 mm. and by 1*11937— 0*0140910 
~fO-OOO25702. The mol. vol. was studied by B. Rabinowitsch, who gave 44 for 
ihat constant. W. Herz studied this subject ; and J. J. Saslawsky and co-workers, 
the changes in vol, on neutralization with soda- lye. 

The compressibility of the gas was measured by E. H. Amagat ; ^ he found 
that iuvstead of the ratio pojpiVi being unity, in accord with Boyle's law, the values 
at difierent temp, were: 

1,5“ 50“ 100“ 150“ 200“ 250“ 

P^ipA • 1*0110 1*0054 1-0032 1-0021 1-0016 

1). I. Mendeleeff and W. Hemilian found that at press, exceeding one atm., there is 
a negative deviation from Boyle’s law, meaning that the compressibility is greater 
than corresponds with that law, while for press, between 20 and 60 mm. there is a 
positive deviation from Boyle's law, meaning that the compressibility is smaller 
than required by that law. According to F. Fuchs, the value of pv increases as the 
yjress. falls from 1000 mm. to 250 mm., thus : 

p . 1000 900 800 700 600 500 400 300 250 mm. 

po . 10000 10033-6 10067 10100 10133 10166*4 10198 10225 10251 
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D. Bertielot gave 0-025992 for tlie compressibility eo<vG. of I Ik- giw. If fU-notoa 
the deviation of the gas from Boyle’s law l—f vlji'ih - 0, sucli i hat A - ■ 

—as indicated 1 . 6. 8— then A. Jaquerod and O. bohener loiiiid that laOow one atm. 
press J'o=0-02314; and E. WouttzcL A'q- 0-02379 ; /r„.r, --4)-()238(> ; and 
’^0-02360. L. P. Cailletet gave 0-0003014 for the (aimprcHsibility of the 
liq_idd at —14° and 606 atm. press. ; while A. Lange ga,v(' : 


Compressibility ooeff. 


15-4“ <14‘0) 
0-03134 


lO r <14-H) 
0-03132 


i9-<r (I'M) 


(KS-H) 

0-0^271 


02- .r (8-:0 
0-0;j467 


wkere tbe bracketed terms refer to press. cxproHsecl h\ Jtian, gave 

0-0001024 for tke compressibility coefl. of a sola, of CO litrc^s of sulphur dioxide in 
a litre of alcohol at 18-9° ; 0-0001041 at 19-r ; and 0-0001028 at 20-;^. 3). Jiorthe- 

lob and P. Sacerdote measuxed the compressibility of mixtures of e.arlion and sulplmr 
dioxides and the result is less than the value calcnilahnl by the additive rule. 
A. Lednc also found that v^heii the two gases are laixiul ih<m^ is a, slight increase 
in press, above that calculated from the law of partial pr<\HS. 

The surface tension of liquid sulphur dioxidi'. wan Eouiid hy h. L. (Iniumach? 
to he cr=33-29 dynes per cm., and the specific cohesion, a- - 4/511) sq. nim. 
R W. Clark gave a=2*3mgrms. per sq. mm. at -15"'. V, M. Stowe found the sur- 
face tension of liquid sulphur dioxide to be roproscnkul 1 lyo* ()•( m ! f M ( 1 57-5 -0) * 
at temp, between —20° and 50°. Some observed r(^MlIlts W(ue : 


- 20 '= — 10 ° 5 ° 20 '’ 30 ” 40 ’ 60 ° 

30-68 28-69 26-68 23-04 22-73 20-73 18-77 10-85 


J. B. Hannay observed that the capillary attraction vauislH^H at. tlie (uiiical temp, 
and is not restored by increasing the press. 0. A. Valsoig in his Hiu<ly of (^.apillarity 
as an additive property, found what he called the capiUary modtiltis of tin’s radicle 
SO3'' at 15°, with a capillary tube 0-5 mm. in dianu^ter to be 1 -5. h\ Kitzgerald 
found the viscosity, 77, of liquid sulphur dioxide to be ()-(K)393r) u,t O'’ ; 0*004285 at 
— rlO-S*^ ; 0-004521 at —15° ; and 0*005508 at — 33*5°- X Duhief rr)fMle observationB 
oh the relation between the viscosity and density of the licpiitl. ( ). Htni tb obtained 
0*0001168 for the viscosity of the gas at 0° ; 0-(KK)125»3 n(5 18^’ ; an<l 0-0001G*J() at 
100° ; and 415 for Sutherland’s constant— 1. 13, 3. T. (Jrahu/iu gave for tfie viBCosity 
ofthegasat0°, 0*0001225, and at 20°, 0*0001380 ; aud lL Vogel g4vve 0-0001183 at 0°. 
0. E. Meyer gave 0-000145 referred to air 0*000200 ; andO. K, Meycu* an<l V. Spring- 
mtihl, 0-000138 betweeu 10° and 20° referred to air <)-(K)0212. M. Trautz and 
W. Weizel found the viscosity changes from 0*031221 at 14° iio 0-0;t2071 at 199°, 
with constant temp, coeff. over this range. SutherlaTuPn coustaut <loeH not apply 
to tHs gas. The viscosity curve of mixturcB of Bulphur dioxides and bydrogon 
exhibits a maximum, which, as the temp. increaBos, flatteuB, an<l is displaced 
towards mixtures richer in sulphur dioxide. At 17°, a mixture containing approxi- 
mately 70 molar per cent, of hydrogen has a maximum viHCsosity, whilst at 199° 
the maximum occurs with the mixture containing 50 molar p(‘x cemt. of hydrogen. 
The increase of viscosity of mixtures on the addition of liydrogcn is roughly 
proportional, up to the maximum,, to the molar fraction of hydrogen. ObHc^rvations' 
on the viscosity of sulphur dioxide were also made by A. von Obertneyt^r, IL Vogel, 
and S* Pagliani and M. Batelli, J. E, Eewis measured th(i viB(X)ftitry of soln. of 
sulphur dioxide in carbon tetrachloride, acetone, beuxeiie, tolucae, xylene, ether, 
heptane, carbon disulphide, and water. F. SohuBto.r gave 2726 atm. for the 
mtemal prepare. M. Faraday ® concluded that meronry cannot cemfine gases 
permanently; but H. B. Dixon showed that with sulphur dioxide ami sotne other 
pses there is no diffusion through mercury. If the mercury be dirty, or moisture 
be present, a him might be formed between the glaBH and iho mercury which 
pemiitted difiusion. J. Loschmidt found that the coeff. of diffusion of B\xlphut 
dioxide into hydrogen at 0° is 0*48278 aq. cm. per sec, K. Kanata studied the 
permeability of rubber for the' gas^ A. MasBon, and (:h Rchweikert gave for the 
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velocity of sound in the gas, 209*0 metres per sec. at 0"*. N. de Kolossowsky 
studied tlie relation between the velocity of sound and the speed of translatory 
motion of the molecules. 

The molecular weight of sulphur dioxide calculated from the vap. density is 
64*046 by D. Berthelot ; ® and 64*059 iO-OOS by E. Wourtzel. Erom the method 
of limiting densities, G. Baume calculated 64*039 ; and from the critical constants, 
63*954. From the regularities in the b.p. of various liquids, H. M. Vernon assumed 
that the molecule is to bo represented by SO2. P. Walden and M, Centnerszwer 
found ' that the ebulliscopic constant of liquid sulphur dioxide agrees with the 
assumption that the molecule is SO^ ; and W. Vaubel, that the molecule is (802)1*78* 
P. A. Guye fohnd that the mol. wt. at the critical temp, is in accord with the value 
calculated by vap. density law. 0. E. Meyer calculated the molecular diameter 
of sulphur dioxide to be 1*21 x lO'”^ cm. ; E. Dorn, 0*69 x lO"”^ cm. ; and F. Exner, 
l*7xl0~s cm. 0. E. Meyer gave A=0*0000047 for the mean free path of the 
molecules ; for the collision frequency, 639 x 10® per second ; for the velocity of 
mean square 324 metres per second ; and for the mean velocity 298 metres per 
second. C. J. Smith calculated 0*94 x sq. cm. for the mean collision area, and 
A. 0. Eankine and C. J. Smith found that this result agreed better with that 
deduced from the formula S<102 than that from 0=S=0. J. E. Mils made 
observations on the intermolecular attraction. W. Nernst gave 3*3 for the 
chemical constant. According to P. A. Guye and L. Friedrich, the constants in 

J. D. van der Waals’ equation — 1, 13, 4 — are a==0*01345 and 6=0*00251 referred 
to the initial vol. of the gas ; a=6*61xlO®, and 6=55*7 referred to mols ; and 
a=1610, and 6=0*870 referred to grams, D, Berthelot gave a=0'028544, and 
6=0*005384 referred to the initial vol. of the gas. J. Dubief studied the co-volume 
and equation of state ; W. Herz, the co-volume ; and M. P. Carroll, W. Herz, and 

K. Wohl, the equation of state. M. Trautz and 0. Emert, M. Trautz and M. Giir* 
aching, P. Sacerdote, A. Leduc, and F. Braun studied the application of the partial 
press, law to mixtures of sulphur dioxide with hydrogen, nitrogen, oxygen, air, 
ether, and carbon dioxide. 

H. V. Regnault 10 gave 0*003903 for the coeff. of thermal expansion of sulphur 
dioxide at constant press, between 0® and 100°; G. W. Walker, 0*00390 at 0° 
and 760 mm. ; A. Leduc, 0*00396 between 0° and 20° at normal press., and under 
a press, of 334 mm., 0*003787 between 0° and 22° ; G. Magnus, 0*003856 ; and 
E. H. Amagat, at normal press. : 

0°~10® 10''-20‘' 50® '* 100^ 150® 200“ 250® 

a . 0*004233 0*004005 0*003846 0*003757 0*003718 0*003695 0'003685 

For dry sulphur dioxide at ordinary temp, he gave 0*00390, and for the moist gas, 
0*00395-0*00396. A. Leduc gave for the coeff. of the increase of press, with temp., 
0*003883 at 0°. H. V. Regnault gave 0*003845 at constant voL C. Langer and 
V. Meyer showed that at about 1690°, the coeff. of expansion is nearly the same as 
that of nitrogen, and Charles’ law of expansion is followed at this temp. The gas 
is not dissociated at 1700°. P. de' Keen found that between 1° and 130°, 
dv[d9=av^'^^^) where a denotes the ooeE. of thermal expansion at 0°. L. P. Cailletet 
and E. Mathias found for the coefi. of cubical expansion of the liquid between 

154®-155® 156®-155*5® 155*5®-156® 

Coen, expanpion . 0*07721 0*1345 0*2273 / 0*7371 

Observations were also made by V. N. Thatte, J, I. Pierre, C. Drion, and 
E. d’Andr^efi. A. Lange’s resulte are indicated in connection with the efiect of 
temp, on the sp. gr. of the liquid. He found that at about 95°, the coeff. of expansion 
of the liquid is nearly the same as that of the gas ; and C. Drion said that this occurs 
at about 100°. A. Eucken gave 0-01950 cal. per cm. per sec. per degree for the 
thermal conductivity of sulphur dioxide gas at 0°. S. Chapman and W. Hains- 
worth studied the thermal diffusion of mixtures of hydrogen and sulphur dioxide. 

von. X. o 



IIM TNOROrANTO AND THEOTtRTIOAL OlIKMISTRY 

A. Massuu Li found tUo ratio of the two specific heats oi sulphur ilioxuh', to bo 
i-280 atO^, and for tlio mol. 0^,™9-834, ami ; 11. V. Hoguauli gave 

for the sp. ht. at oonstant press., Cj,=0*ir>l:-1:, at or dor*" -hShl ; A. Oazin 

gaTO fertile ratio of the two sp. bts., 1-262, at 20'^ ; aud P. A. Allilhu', 2*2r>63 at 20°. 
R. Tliibaxit foxmd for the ratio of the two sp. lits., at 20°, 1-258 at one atm. press., 
and 1*273 at I atm. press : K. Sc holer gave 1-273 at 0*5 atm. ])ress., l'2Hr> at 1 atm , 
and 1-323 at 2 atm. ]jr(‘ss., and 20"^; J>. Ihu-iieis gav(3 G/r^ 9-M90 at 2()°-]00°, 
or Cj,--9-OUAO‘OO710 ; i^f. Trautz and 13. Berneis, Cp~ l)-00Hd>OO37d. J. R. Part- 
ington aud H.. J. C’aut ga\(' for then ratio of the. two sp. lit., 1-291, aaid (Jp- 9-476 
aud C'Vr— "^‘3-10 ; and U. Soliweikert, 1-266 at 0°, <J. N. J^ewis aud M. Randall 
gave O,---7-O+O-OO710+O-O51860’ ; B. Furstenau, 6V~-^9-l8+0-00;]077<9 ; and 
B. Berneis, (7^,~9*OO-[-O-OO740. B. Neumann calculat'd tlxe. following values for 
the sp. ht. : 


Sp. ht. 

0“ 

0*139 

100" 

0 148 

200° 

0-158 

400" 

0*177 

(500° 

0*191) 

H()(r 

0*1 1)1) 

3 000" 
0*204 

Sp. ht. 

1100" 

0-206 

1500" 

0*2125 

2000° 

0-219 

2400" 

0*223 

2(500° 

()*22(> 

2,SOO'’ 

0*230 

isooo*" 

0*231 


G-. Witz made some ohservations on the heat of ca])aeity of tlu^ gas. Jh Mathias 
gave for the sp. lit. of the liquid between — 20° and 155-5'', o U-3172“h0-0003507<? 
— 0-00000676202 * and A. Nadeschdine.gave 0-3178 for tin' S]). ht, hetwi'i'ii -•"20-G° 
and 9-8°. A. Press studied some relations of the. sp. ht. P. Dulnuu showed thaii 
if the sp. ht, of a saturated vapour is plotted against tcmi])., the form of the curve 
is that of an inverted, unsymmetrical U ; and that sometimes this li(‘.s wholly in 
the negative region, but in other cases it may cross into the. positive region, but 
if it docs so it crosses twice. E. Mathias gave for the sp. hi', of the sat, vapour, Cy, 
and for the sp. ht. of the sat. liquid, q, of sulphur dioKide : 

--20'’ 0^ 40" 90" lOO® n0'» 120 " liO* J5r>® 

Cv . — -0*410 -0*300 -0*095 -f 0*027 -p0*062 -()*()78 -0*620 - -3*850 

. 0*315 0*317 0*338 0*403 0*422 0*44=2 0*470 0*620 1*800 

The sp. ht. of the sat. liquid is not a linear function of the temj). oven when remote 
from the critical temp. The subject was discussed by J. A. Ewing, W, Juzyno, 
and A. W. Porter. U. Bordoni studied the entropy of the system HaO-HOji. 

A. F- de Eourcroyi^ }xas stated that G. Monge and L. Olooet discovt'rcd that 
sidpliui dioxide can be liquefied by 28° of cold, and ho added that this jiroperty 
distinguishes sulphur dioxide from all other gases, and it appears to be owing to the 
water which it holds in solution, and to which it adheres so strongly as to ))rovcnt 
an accurate estimate of the proportion of its radicle and acidifying priticiplea.” 
Notwithstanding A. F. de Fourcroy’s objection, M. Faraday said that tlu'ro can 
be little doubt that G. Monge and L. Clouet did actually condcriBC the gas, for he 
found that the small elastic force of its vapour at common temp. is only about 2 atm,, 
so that a comparatively moderate diminution of temp, is sufficient uo retain it liquid 
at common piress., or a moderate additional press, to retain it liquid at coxnmou temp.” 
M. Faraday obtained the liquid by pumping the dried gas, at 3 to 5 atm. press., 
into an evacuated and cooled tube ; A. Bussy cooled the dried gas with a mixture 
of ice. and salt ; G. F. Wach, and F. Wohler placed sulphur and sulpWric acid in 
one leg of a bent sealed tube, and gently warmed the mixture ; the other leg of the 
tube cooled by ice and salt ; H, L. F. Melsens, and A. Verneuil used charcoal 
sat. wdth sulphur dioxide as the source of the gas in the sealed tube ; and A. Loir and 
€. Drion cooled the gas by evaporating ether. A. W. Hofmann said that glass tubes 
are dangerous in experiments on the liquefaction of the gas, and B. Hreosey rccom- 
mended copper vessels. The liquefaction of the gas industrially was discussed by 
J.* S^^roder and M, Hanisch, A. Lange, H. J, Faoli, and A. Harpf. The liquid 
dioxide is sold for laboratory purposes in glass syphons, fitted with a screw-valve, 
so axrariged that either liquid ox gas can be drained off. A. Bussy observed that if 
liquid dioxide be rapidly evaporated under an evacuated bell-jar, a part of the liquid 
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formy wliiic flecks ; and JT. K. Mitckell obtained tlic solid by surrounding tlic Inj^iiid 
with a mixture of solid carbon dioxide and ether. J. K. Mitchell gave for 

the melting: point of the solid; M. Faraday, — 76’1° ; A. Smits and W. J. de Mooy, 
^75*6“ ; T. P. van der Goot, -~75*r ; W. F. Seyler and A, F. Gill, -72*8° ; 
P. Walden and M. Ccntncrszwer, • -72*70° ; and (4. Baunic and A. Tjkocinex, 
-™-72*5°. Por the boiling point at ordinary ■|)xess., M. Faraday, E. d’Andreeff, and 
L. Diifour gave “-lO'-' ; J. M. Pierre and C. Drion, — 8^ at 759*2 iiim. : H. V. Keg- 
nault, —10*08° at 760 niin.; E. Bunsen, — 10*5° at 744 mni. ; A. Kadeschdine, —10° 
at 757 inin. pr(\ss. ; F. W. Bergstrom, —10*02° ; T. Estreichcr, —10*1° ; J. Henning 
and A. Stock, —9*99° at 760 mm. ; G. A. Burrell and I. AV. Kohertson, —11*0° at 
760 nnn. ; and H. 1). Gibbs, — 10*09 at 760 mm. N. de Kolossowsky gave 1*43 to 
1*60 for the ebuUiscopiC constant of the liquid. M. Faraday measured the vapour 
pressure of liquid sulphur dioxide between —10° and 37*77° ; H. V. Kegnaolt, 
between —30° and 65° ; W. Sajontsebewsky, between 50° and 155*4° ; B. Pictet, 
between — .30° and 50° ; W. Mund, between —42° and 0° ; A. Bliimcke, between 
-19*5° and 98*2° ; G. A. Burrell and I. W. Eobertson, between -11° and -64*5° ; 
F. Henning and A. Stock, between 10° and — 181° ; F. W. Bergstrom, between 
—5*5° and — 90*1° ; W. Mund, between —42° and 0° ; and E. Brin^r and E. Cardoso, 
between 33*5° and 72*2. Observations have also been reported b}" E. Cardoso and 
U. Florentino, 0. Scheuer, A. Stock, A. Eex, B. Leinweber, B. D. Steele and 
L. S. Eagstex, A. Stock and co-workers, E. Cardoso and co-workers, and P. M. Sheu. 
The following is a composite summary of the results : 

Solid. Liqi^iid. 



~90-l® ~ 

-81-3® -72*9® -61*71® ~ 

■51*18° -36 13° 

— 25° 

-10° 

— 0*99° 

p mm. . 

2*5 

7 16 38*2 

80*2 199*95 

373*79 

762*49 

760 

and for the liquid 

above 0° : 






0° 

20° 33*5° 50° 

77*5** 80° 

100° 

120° 

150° 

p atm. 

. 1*52 

3*27 4*80 8*31 

17*12 18*09 

27*82 

41*56 

71*45 


C. E. and O. Maass gave for the vap. press., p cm. : 

0-2- I'S* 2*25® 10-0® 16-5® 22’0® 27 0® 

p . 117*27 123*5 127*6 173*3 218*8 2641 314*2 

H. V. Bcgnault represented his results by the equation log p=5*666379i 
— 3*01468920a^"t"28 0*1465400^3^+28^ where log a = 9*9972989 — 10 ; and 

log j3— 9*98729002 — 10, C. Antoine used logp=0*98215{7*3593 — 1000(^-j-236)}. 
G. A. Burrell and I. W. Eobertson gave log ^=— 1448*01 -4-8*425 for the liquid 
between —11° and —64*5° ; and for the solid between — 90*6° and — 144*1°, 
logp=:=— 1232*2T“"i+9*579 ; F. W. Bergstrom gave for the liquid log 'p 
.=1577*3T’-i+l*75 log T— 0-006411T+6-3286 ; and F. Henning and co- 
workers, log^= — 1561*36r"”^+l‘75 log2>— 0*0061757T-4-6*20476. V. Kirejeff 
discussed what he called the cohesion press, of sulphur dioxide. According to 
F. Braun, the press, of the saturated vapour at the h.p. is 3-9 mm. less in an atm. 
of carbon dioxide, and 1*3 mm. less in an atm. of nitrogen than it is in vacuo. 
Liquid sulphur dioxide for ice machines was employed by B. Pictet. He used at 
first a mixture of approximately equimolar parts of carbon and sulphur dioxides, 
and later a mixture of 32 molar parts of sulphur dioxide to one molar part of carbon 
dioxide — ^the so-called Pictet's liquid. The vap. press., p atm., of a mixture oi 
sulphur dioxide with 0*4 per cent, of carbon dioxide was found by A. Eilliet to be : 



— 22*5° 

-17° 

-9° 

—4*5“ 

2*4° 

15*5“ 

20* 

3C° 

j> 

0*97 

M9 

1*48 

1*71 

2-10 

3-21 

3*68 

6*0 

while H. 

V. Eegnault gave for the liquids separately 





—20° 

-15° 

-10° 

0° 

10“ 

20° 

30“ 

40° 


. 0*63 

0*80 

1*00 

1*53 

2*26 

3*24 

4*52 

5*28 

^\co. 

. 19*93 

23*14 

26*76 

35*40 

46*05 

58*84 

73*84 

82*17 
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Hence, added R. von Scliottler, Pictet’s liquid lias l.lu! iulvantiif'e. over Hiilphur 
dioxide that its vap. press, within ordinary limits ol i.etu]). {loos not fall holow atm. 
press., and is not nearly so high as carbon dioxide. This suhje.ei. \va.s also <'xain.in(!d 
by A. Bliiiacke. In place of Pictet’s liquid, 0. M. Tessie dti Mol ay employed a 
soln. of sulphur dioxide in ether ; J. Quiri, a soJii. of the, gas in Iiydroearhoius-- 
'isobntylene, propylene, butane, or pentane; and I*. Poe.sHnec.k, a .soln. in aeadone. 
P. K. Sherwood measured the ])artial press, of suljduir dioxiih'. ov('r its a,<|. hMu,- * 
viieinfm, the effect of press, on tho solubility ofthega.sin water. h\ Cmiheli .studied 
the jou-ielation with binary mixtures of .sulphur dio.dde. atid e.arlion dioxide, and 
methyl chloride — 1. 4, 3 ; E. Brincr and E. Cardoiso, with ini.xtures t>f .sulpluic 
dioxide and methyl ether; and W. Muiid and I’, ile.rreiit, .sulphur <lio,xi(l(! 
and ethane. 

0. Prion gave 14U“ for the critical temperature of .sul[)hur dioxide ; A. Ladeu- 
burg, 157°-16r; W. Sajotschewsky, 155-'I°; 1*. Ih'in, ir>7-2r’; K. iScliiujk, 
155T° ; M. Centnerszwer, 157-25'’ iO- 2° ; P. Niggli, I.AT-b"; M. VV, ’rra,v(>r.s and 

R. L. Psher, 157-3°; J. Dewar, and P. A. Cuyc, Lhl-l"; Jj. P. (hiilU-tet and 
E. Mathias, 156-0°; 1. Cardoso and R. Bell, 157-1.9" t.O-lO”; and 16. Briuer, 
157-2°. The subject was studied by W. llorz, and 16. Cardo.so. 16. Cardoso 
and R.Bell said that the point of opalescence could not be. observed at. (.in', (u-itical 
temp, owing to an opalescent deposit on the gla,s,s. 'Phis i.s niipposed lo he 
produced by the action of light and heat on tin! ga.s, although Inuitiug t.lu' ga.s for 
300 Ills, did not affect the critical constants. L. P. (laille.tet and 16. Mathia.s said 
that the presence of a trace of air lowers the obwocvc-d, <-,riticii,l le.inp. ; and 
M. Centnerszwer found that the mol. lowering of the critical I.eiiip. is iiubipi-ndent 
of the nature of the substance present, and for a mol in 100 o.c. of iii(ui(l Hidphnr 
dioxide, amounts to 724°. P. A. Gnyc, W. Saj«nt.scb('wsky, and ,1. Di-war gave 
78-9 atm. for the critical pressure ; E. Cardo.so and R. licll, 77-0.9;] ()-.10 atm. ; 
E. Cardoso and co-workers, 77-79 ; and E. Brincr, 77-95 atm. ih A. (j uyo gave 2-2 
for the critical density with respect to air at 0" and 7(10 nun. ; 16. Ciu-<loH() and 
E, Sorrentino, 0-5240 ±0-0005 ; and L. P. Cailkdet ami 16. M:d,liia.M gave O-r)20 at 
156° with respect to water at 4°, and B. Cardo.so and Jt. Hell, O-hlb juxl for the 
critical volume 0-00557, L. P. Cailletet and B. Mathias gave, ()-0(>,9.50 0-00,987 ; and 
P. Schuster, 0-00538. W. Herz studied the relations of tlm <iril.i<!a.l constant, s, 

S. F. Pickering gave for the best repre.sentative. valiwis, -IdO-d'' ,K. ; /', 77-7 
atm. ; and Dc=0-52. W. Herz studied the critical constants of .sidphi’ir <lioxi<l(x 
J. Chappius found the heat oS vaporization of liquid mil pluir dioxide to be 91-7 cals, 
per gram, or 5-88 Cals, per mol. T. Estrcicher fuuml 9()-2 c.als. per gram or (l- Kl 
Cals, per mol; at the h.p., -10-1°; T. Estrcicher and A. A. Hehuerr, 95-3 cals, 
per gram or 6-11 Cals, per mol at the h.p. — 11-16“ ; (J. .A. Burrell a nd J . W. Robert- 
son gave 6-196 Cals, per mol. The values calculated by L, J*. daillidet and 
E. Mathias are : 

0” 10“ siu'-' 30“ 40' (ar oo" 

Heat of vaporization 91-2 88-7 84-7 80-6 75-fi 70-!) li9-0 ouls. 

H. Crompton calculated values in agreement with these rcsiilts. 36. Mat, bias gave 
for the latent heat, L, at 6, i=91-87-O-3842d-O-OOO34O0!J, aiul bctwemi 0° and 50°, 
^ 91.87—0-38420. If A denotes the internal latent heat of vaporization at 6°, and 
quantity of heat necessary to raise the temp, of a, gram of sat. vatiour from 

20 to ' 


9 

A 

Q 


156*8^ 

'-4h72 

4-75 


151-86° 

--37-70 

12-67 


144 - 08 '" 

-33-52 

20-49 


128-00^ 

-3M7 

27-72 


121 -Oir 
-32-82 
27-72 


-20-20 


20-00'" 

0 ecbln* 

mh. 


««7®.“ef“emente of the heat of vaporij^atiou ; N. do Kolos- 
H.T. between the thermal expansion and the lieat of vaporiza- 

4.R illusttatod the latent heat of ova])oraf<i(«i oi BtUphnr 

ctioxide 57 the freezing of water m a red-hot crncibb : 
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A little water was iiitrocluecd into a platinxini crucible lieatotl to redness. The li<^uid 
assumed the spheroidal state. Some liquid sulphur dioxide was introduced by means of 
a pipette. The liquid evaporated very rapidly, and* on simultaneously inverting the 
crucible a small mass of ice appeared. 

F. B. Kenrick and co-workers found that liquid sulphur dioxide could be super- 
heated to 50*^ for 5 seconds without explosion. W. Mund and P. Herrent investi- 
gated the liquefaction of mixtures of ethane and sulphur dioxide. According to 
P. A. Favre, it requires 0*261 Cal. to produce one c.c. of vapour from liquid sulphur 
dioxide ; tlie lieat of liquefaction for a mol of sulphur dioxide is 11*288 Cals., and 
for tbe heat of condensation when the gas is adsorbed by wood charcoal, 10*734 Cals. 

P. L. Dulong found the heat of formation of sulphur dioxide gas from solid 
sulphur to be (a-S,02)=83*2 Cals. ; H. Hess gave 82*2 Cals. ; T. Andrews, 73*8 
Cals. ; P. A. Favre and J. T. Silbermann, 71-04 to 71*2 Cals. ; M. Berthelot, 69*1 
Cals. ; J. Thomsen, 71-08 Cals. ; J. R. Eckman and F. P. Rossini, 70-94 Cals. ; 
and 111. Petersen, 71*08 Cals. J. Thomsen, and E. Petersen gave for (j8-S,02), 
71-72 Cals. ; M. Berthelot gave for colloidal sulphur, 69-1 Ca£., and E. Peter- 
sen, 71*99 Cals., while for sulphur vapour, M. Berthelot gave 80*2 Cals. 
J. B. Ferguson obtained for the" thermal value of the reaction with rhombic 
sulphur S-fOo^SOa, -68391 +3-62T log T-0*0007T24_o.063ir3-^25*04T, or at 
25°, -—69,761 cals. For the heat of solution in water, J. Thomsen gave for a 
mol of the gas in 250 mols of water, 7*69 Cals. ; for a mol of the liquid in 300 
mols of water, 1*50 Cals. ; (S,02,Aq.) =78*77 Cals. ; (S02iiquidH2,0,Aq.)=76*055 
Cals. P. A. Favre gave (S02gas,-^<l*)=*^*'^f^^ ; and M. Berthelot gave 8-34 

Cals, for a mol of the gas in 5 litres of water, at 15°. P. Chappuis said that the heats 
developed by the soln. of the gas in water amounts to 0*000265 to 0*000359 Cal. 
l>er c.o. The heat of adsorption of the gas by wood charcoal was foundP. Chappuis 
to be 0*000470 to 0*000615 Cal. per c.c. of gas, and P. A. Favre, 0*168 Cal. per gram 
of gas. A, G. Stiles and W. A. Felsing found the heat of soln. of a mol of sulphur 
dioxide with n mols of water is given by Q=4911*6-f 1105-26 logio?^(cals.). 

E. Mascart measured the index of refraction of sulphur dioxide gas, and 
P. Tj. Dulong gave 1*0006620— air=l*0002923. L. Bleekrode found it to be 1-000686 
for sodium light at 15°. E. Ketteler gave 1*0006907 for light of wave-length 535/x/x, ; 
1*0006860 for A=588*9^/i ; and 1*0006815 for L. Stuckert gave 696-3 

for A=435*9/x/x; 1*0006666 for A=546-l/ija ; and 1*0006606 for A=670-7 /x/je. ; 

G. W. Walker gave 1*000676 for A=589*3)UjLc ; and C. and M. Guthbertson, 1-0006586 

for A=500/x^ ; . 1*000664 for A=546*l/>t/x ; 1-0006613 for A=580/iju ; 1-0005671 for 
A=650/Ap.; and 1-0006564 for A=670/i/i, ; and v— 1=5*728x1027(8929 Xl027—A2)~i. 
J. Tauss and G. Hornung gave 1*0^66618 for A=656-4/x./x ; 1-0367015 for 
A=:587*6/x/x ; 1-0367658 for A=546-l/x/i. ; and 1-03689-78 for A=435*8iafL. 

E. W. Cheney gave l-OgGeST for A=5852 A.; 1*036615 for A=6143 A.; and 
1*036598 for A =6678 A. C. and M. Guthbertson found that the xefractivity is 
18 per cent, less than that calculated by the law of mixtures. The dispersion 
electrons in sulphur dioxide appear to be equal to the sum of the dispersion 
electrons of sulphur and oxygen. M. Faraday said that the refraction of liquid 
sulphur dioxide is nearly the same as for water; but A. Delaire found it to 
to be rather greater. L. Bleekrode gave 1*350 at 15° for the D-ray, and 1*357 at 
13° for sunlight ; J. Dechant gave 1*340 at 20° fox Na-light ; and E. Ketteler, at 
24*1°, 1-33574 for Li-light ; 1-33835 fox Ka-light ; and 1*34108 for Tl-light. W. Herz, 
and J, Tausz and G. Hornung studied the refraction of light with sulphur dioxide. 
L. Bleekrode obtained for the retractive power of the gas at 15° with the /^-formula, 
0*236, and with the //,2.formula, 0*157 ; while R. Kasini gave respectively 0-23937, 
and 0*14828 ; and for the liquid, L. Bleekrode obtained respectively 0*252 and 0*153 
at 15° for Na-light. R. Nasini obtained respectively 15-32 and 9*49 for the mole- 
cular refraction of the gas. P. A. Guye observed a relation between the mol. wt. 
and the refractive index of substances in the vicinity of the critical temp. 
I. R. Rao discussed the scattering of light by sulphur dioxide. 
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CL 13. Liveiug and J. Dewar is found that the ultra-violet absorption spectrum 
of sulphur dioxide gas has a strong absorption baud beiw('-en the wa.ve~Ioiigt]is 3179 
and 263 D, and a feeble one between 34:40 and 2300 . M. le I^huie. and co-workers 
found that sulphur dioxide has a maximum in the ahsorptioii at 2900 , 

and a minimum at 2400 . V. Henri, H. Dcslandros, J. C. Ghosli and S. C. Bisvas, 
W. A Miller, L. Soret, F. Lowater, L. Ciechomsky, and W. H. fhiir also (examined 
the absorption spectrum of this gas. E. Wright fouiul that, while the a-q. soln. of 
sulphur dioxide, or the crystal hydrates shows a sdectivi' absorption in the neigh- 
bourhood of the band 276 /if 4 , the sulphites exhibit only a gcMU'ral ahsorpt-ion. This 
is taken to mean that in aq_. soln. sulphurous acid consists largdy of un(a)nil)ine(l 
sulphur dioxide molecules. 0 . S. Garrett measured ih(' nioliMuilar oxiinctlori with 
aq. soln. of sulphurous acid and of rubidium, potassium, sodium, and ammonium, 
hydrosulpliites of a concentration C'=0-06[S62l/2. Tlu^ mol. ('xiincllon is (hdined 
by the ratio ^’/C, where h~[I[d) log denoting the d(q)th of tli<^ (adl ; / o> l‘'bG 

initial intensity of the light, and I, the emergent intensity. ri'sults, with soln. 

35 days old, are illustrated by Eig. 45 . The curve for the alkali saltns shows an 
increasing absorption with time; audit is inferred that at th(‘. moiuenl. of fornung 
the soln., there would he no selective absorption. There is idieridorc'. a, changes in 
the soln. on keeping. This change is very greatly faoilitatial l)y liglit. nuiction 

in soln. is not hydrolytic : NaHS03+H2^=HoS03+I^i^i'DII bc'caiise the soln. are 
all acid to litmus ; and the greatest chnng(j should (xxnir 
with the ammonium salt, and least with the rubidium 
salt. It is assumed that in liglit, tlu5 hydrosulplute is 
resolved into the normal sulphite and acud : 2NaHS03 
:F^Na2SO3-hH2S03; and that in soln., the sulphurous 
acid is resolved: H^SO^aq.— SOo.^JLO. The normal 
alkali sulphitCvS show no selective absorption even wlum 
kept for a long time in light. Similar remarks a-pply to 
the mixed alkali, and alkali-silver sulphites ; sodiiuu 
acetonehydrosulphitc : and the. syinuudTicHl and uusyni- 
metrical diethyl sulphites. The alkali nu'tadisulphites 
give the same selective absorption as do the. hydro- 
sulphites, and it is assumed that they arc resolved by 
water : Na2S205-f H20^2NaHS03. Th<^ absorption hand 
given by the aged aq. soln. of sulphur dioxide is in the 
same position as the band given by the gas though 
somewhat broader. The absorption law is nob followed 
since the band becomes shallower with increasing dilution. K. SchaelTer showeid 
that the absorbing substance in aq. soln. is a hydrate SOo . . , H2O1 which is 
more ^active than sulphur dioxide alone. The normal sulphibes, and the alkyl 
sulphites are transparent in aq. soln., showing that sulphurous acid itself 
is probably non-ahsorptive, both ionized, and non-ionized. The decrease in 
the absorptive power on dilution is attributed to a change in the equilibrium 
SOo . . . Il20^H2S03 from left to right. The aq. soln. contains very little sulphurous 
acid, and it is considered that measurements of the ionic cone* in sulphur dioxide 
soln. have given rise to false ideas regarding the degree of ionization of sirlphurouB 
acid, and consequently of the strength of the acid. At higher temp,, soln. of sulphur 
dioxiae absorb more strongly, owing to a shift in the equilibrium of the above 
equation towards the left. Similarly, the addition of sulphuric acid to an aq. soln. 
of the gas increases the depth of the band in the same manner, but only to a certain 
lim^. Vhen the sulphuric acid exceeds bhT, the absorption again decreases, 
probahly owing to dehydration, in the sense SO2 * . . 0H2>S02+H20, the free 
sulphur dioxide being a less strong absorber than its hydrate. In pentane and chloro- 
form soln. the absorption is similar to that of the free gas, and the soln. follow 
T 11 e absorption law. In soln. of methyl and ethyl alcohols and ethyl 0 th<‘r, the ahsor] )- 
non IS much increased, and in the case of ethyl ether the hand passes into general 
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absorption in the ultra-vioh't. Those soln. also follow absor])ti(ni law, and it 
concluded that stable compounds of the tyj^o O2S . . . OHEt and . . . OEtw 
iiiiist be present in such solu. Normal sulphites sliow only end absorption in the 
extreme ultra-violet, and when a soln. of a normal sulphite soln. is half neutralized 
with sulphuric acid, the resulting metal hydrogen sulphite soln. at first shows only 
end absorption, but after a few days, particularly under the influence of light, tlu* 
sulphur dioxide, band develo])S. When the metal hydrogen sidpliite is formed, 
however, by mixing solu. of sulphur dioxide and normal sulphite, the band 
present imnuxliatcly. K. Seliaeffer represents the equilibrium conditions in aq. 
soln. of sulphur dioxide by the schemes : 


and 



The hydrogen sulphih'. ion, HSO;/, is probably unstable and undergoes transforma- 
tion into sulphurous acid and thus : 2HS0;/™B03"+H2SO3. The sulphurous 

acid then comes into eqiiilibrium with sulphur dioxide hydrate in the sense 
H2S03^S0 o . . . H2O. These changes explain the gradual development of the 
absorption band in hydrog(ni sulphite soln. The sulphite ion, [SO3]", probably has 
a symmetrical constitution, and hence also the normal sulphites, F. H. Getmau also 
attributed the hand at 276 ya/x to hydrated sulphur dioxide formed from the ions of 
sulphurous acid : H‘"1-HS03'^H2S03^S02.H20. Freshly prepared soln, of potas- 
sium metapyrosulphite, K2S2O5, give a characteri.stic band at 263 /u^ which dis- 
appears wlicn the soln. has stood for some time and the 276 /xfx hand appears in its 
place. This is taken to mean that the 263 ju/x band is due to the undecomposed 
salt. Soln. of sodium sulphite do not show selective absorption. Soln. of sodium 
hydrosulphite in light, and exposed to oxygen, develop the 276 ^^ band, and some 
oxidation occurs. Light is said to be an essential factor in the oxidation. 
E. C. C. Baly's relation for the fundamental frequency in the ultra-red is ap]»licahlc 
to the 263 /xf(. and the 276 /x/x hands. According to E, C. C. Baly and R. A. Bailey, in 
aq. soln. of the hydrosulphites, there is present a small proportion of metahydro- 
sulphite which absorbs light of wave-len^h 257 /Xja. In the absence of oxygen, 
these soln. axe stable in light, but if oxygen is present photo-oxidation of the HSO3'- 
ion takes place, followed by an ionic rearrangement whereby normal sulphate, 
sulphurous acid, and hydrated sulphur dioxide are produced. The soln. then shows 
the absorption band at A= 276 /xft characteristic of the hydrated sulphur dioxide. 
No isomerism of sulphite molecules has been detected. The absorption bands of 
sulphurous acid, hydrosiilphite, and sulphite molecules lie in the extreme ultra- 
violet. The characteristic ultra-violet frequencies of sulphur dioxide, hydrated 
sulphur dioxide, and potassium metahydrosuiphite are integral multiples of the 
fundamental molecular frequency of sulphur dioxide in the infra-red, R, Bietzel 
and S. Galanos say that the absorption spectra show that aq. soln. of .sulphur 
dioxide contain chiefly unchanged inols. of sidphur dioxide and its hydrate, au<l only 
a small proportion of sulphurous acid and its ions. 

Similarly with aq. soln. of alkali hydrosulphites. The greater absor[)tioii witli 
alcoholic soln. is attributed to the formation of a complex HO.SO.OO2H5. The 
alteration which occurs when aq. soln. of the dioxide are exposed to light or warmed 
is attributed to a photo-oxidation of the HS03-ions which results in the formation 
of the normal sulphate, sulphurous acid, and the hydrate of sulphur <li oxide. 
K. Schaeffer's assumption of an isomerization of the HSOjj-ions to explain this 
■|>hei'iomenon is unnecessary. The wave-lengths of the hands in the ultra-violet 
spectrum of sulphur dioxide given by C. B. Garrett, and F. water werci shown by 
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J. Tyndall, E. C. C. Baly and C. S- Garrett to be related to tlie ultra^rei al)sorptioii. 
spectrum of sulpbnr dioxide observed by W. W. Coblentz. C. E. Mey'cr and co- 
^Yorkers, and "V. I, Sitivonen studied the ultra-red spectra of tbc sulphites. Tn 
comparing tbe ultra-red spectrum of sulphur dioxide with that of carbon dioxide, 
the region where the latter is transparent, is where the former Ims its greatest 
absorption bands. Tbe maxima of tbe absorption bands occur in 3-18ja, 3*97/x, 
5-68p, 74/x, 8-7/r, and 10-77pc. A. Balandin discussed the relation between the 
chemical affinity of sulphur dioxide, etc., and the ultra-red spectrum. 

R. H. Sherry studied the optical rotatory power of soln. of alkaloids in liquid 
sulphur dioxide. A. TCundt and W. C. Rontgen. found that sulphur dioxide 
gas, at 150"^ and 20 atm. press., exhibits electromagnetic rotation of ilie plane of 
polarized light ; and J. Kerr, that there is a feeble negative electro-Optical effect with 
aq. soln. of sulphur dioxide. C. Y. Raman and N. 8. Krislinan, and G. Szivessy 
said that Kerfs constant is —1*67 xl0“~i<^ at 17*3°, and that it varies proportionally 
with tbe press, of the gas, and inversely as tbe wave-length of light. The subject 
was studied by H. A. Stuart. R. Dantinne and P. Lenaerts studied the photo- 
ionization of the gas in ultra-violet light ; and L. Simons, the ionization of the 
gas by corpuscular rays. 

According to A. S. Eve, the ionization produced by X-rays "with sul]>luir 
dioxide is 2*3 (air unity);' and E. K. McClung obtained for hard X-rays 4*79, and 
for soft X-rays, 11*05. E. Rutherford measured the velocity and rate of recom- 
bination of the ions of sulphur dioxide exposed to the X-rays ; and P. W. Bur- 
bridge measured the absorption of the E-series of X-rays by sulphur dioxide, 
0. Stelling studied the absorption spectrum of the X-rays. P. W. Ihirbridge 
found that with mixtures of sulphur dioxide and air or carbon dioxide the X-ray 
absorption is additive. P. Lenard found that the absorptive X)Ower of stilphur 
dioxide for cathode xays at 760 mm. press, is 8-51 jjer cm, M, Ishino and 
B. Arakatsu found that in a positive ray tube the sulphur dioxide decomposes, 
forming negatively charged sulphur atoms. K. T. Compton gave 5-35 to 7-69 
volts for tbe ionizing potential. S. C. Biswas studied the relation between the 
ionizing potential and the mol. vol. ; L. B. Loeb, L, B. Loeb and L. du Sault, 
and H. R. Hasse, the mobilities of ions in the gas ; A. .Kirniann, the electrical 
moment of the molecules; W, A. Macky, the effect of sulphur dioxide on 
frictional electricity. 

L. Bleekrode,i7 and A. Baxtoli found that the electrical conductivity of gaseous 
sulphur (hoxide above its critical temp, is zero, and that of the liquid in the vicinity 
of the critical temp, is very small. A similar result fox the liquid was obtained by 
A. Delaiiye, and G. Magnus ; while P. Walden and M. CentnexBzwer found the 
conductivity of the liquid to be 0-9 x 10“"7 at 0° ; and P. Dutoit and B. Gyr gave 
0‘85 X 10“'^ at K. T. Kemp must have worked with tlie moist liquid since he 

found that the liquid conducted as well as a metal and gave off oxygen at the agiode, 
and sulpkiir at the cathode, J. Carvallo found that with liquid sulphur dioxide, 
free from air, with a difference of potential, JS', between platinum electrodes, the 
current, (7,^ dim in ishes with time until a limit is attained. The negative electrode 
^^omes sbgbtly brown, and the liquid is purified by the passage of the current. 
Vmen J?==200 to 500 volts, the limiting current does not vary as a simple function 
of When ^ is 1000-2000 volts, the current is smaller than that passing at a 
lower voltage. The C=j{E) curves are in accord with Ohna’s law when E does not 
exceed lOO volts. The limiting conductivity for higher voltages is not in agree- 
ment with this the law governing it under these conditions resembles tbe laws 
for tbe conductivity of gases. The limiting sp. resistance under 100 volts was 
7-6 X 10» ohms ; under 2350 volts, 4-9 x ohms, and under 4000 volts, 4-9 X 
ohms per cm. The conductivity of various substances dissolved in liquid sulphur 
dioxide has been measured by P. Dutoit and E; Gyr, L. S. Bagster and co-workers, 
M, Centnerszwer and J. Dxucker, ?, Walden and M. Centnerszwer, and 

L. Frankrlin, W. Ostwald, and P. Walden and M. Centnerszwer, and K. Barth 
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have measured tlie mol. conductivity of soln. of sulpturous acid containing a mol 
of H2SO3 in V litres, and K. Bartli found at 25^ : 

V . S2 64 128 256 512 1024 00 

fj, . 177-5 214*9 248-5 279-0 303-3 324-7 424 

a . 0-467 0-666 0-654 0-734 0-798 0-854 1-000 

The calculated values for the degree of ionization H2S03^2H’+S0"3 are repre- 
sented by a. Sulphurous acid is a binary electrolyte, and W. Kerp and E. Bauer 
calculated values for the degree of ionization a^, H2S03=H‘+HS0'3, and for 
ao : H2S03=2H[*+S03'''' from the lowering of the f.p. S with soln. containing 
M-nxols of H28O4 grms. of water : 


M 

0-161 

0-299 

0-408 

0-633 

0*786 

1-065 

S 

. 0-382 

0-662 

0-894 

1-362 

1*682 

2-279 

aj 

. 0*286 

0-195 

0-185 

0-154 

0-157 

0-1S6 

0-2 

. 0*143 

0-098 

0-093 

0*077 

0-079 

0-078 


The first ionization constant, Kx, for [H*][HS03']=Zi[H2S03] was calculated hy 
W. Kerp and E. Bauer 0-0174: from the conductivity data ; J. McCrae and 
W. E . Wilson calculated 0*017 from the partition of sulphur dioxide between chloro- 
form and water ; and K. Drucker, 0*0164 from the cryoscopic data. M. S. Sherrill 
and A. A. Noyes gave 0*012 expressed in terms of the activities at 25°. K. Jellinek 
calculated the second ionization constant Koj for [H*][S03"]=jfir2[HS03^], from the 
conductivity data of the alkali hydrosulphites to he three thousand times less than 
Kxj since .^2=8*5x10'“®. I. M. Kolthofi calculated Kq—IxIO^'^ at 15°. As 
shown by J, Linder, the laws of dilution break down with sulphurous acid, owing 
to internal changes in the acid — vtde mpra, absorption spectra. K. Jellinek gave 
71-4 for the ionic mobility of S03''''-ions ; and 52 for the HSOs'-ions. The latter 
value agrees with that obtained hy W. Kerp and E. Bauer. L. B. Loeb studied 
the ionic mobility in sulphur dioxide gas ; and W. Gr. Palmer, the effect of sulphur 
dioxide on the coherer in detecting electric waves. 

Observations on the electrolysis of aq. soln. of sulphur dioxide were made by 
A. Delarive, M, Berthelot, C. F. Schonbein, 6. Halphen, J. Sakurai, A. Guerout, 
C. Luckow, and C. F. Bohringer — vide supra, hyposulphurous acid. According 
to the conditions, there may be formed sulphur, and hydrogen sulphide at the 
cathode and oxidation to hyposulphurous acid, or to sulphuric acid may occur at 
the anode. M. Centnerszwer and J- Drucker studied the electrolysis of potassium, 
sodium and lithium iodides, and lithium bromide dissolved in liquid sulphur dioxide. 
A. Fischer and G. Delmarcel studied the electrolytic oxidation of sulphurous acid, 
using a partitioned cell with sulphuric acid or sodium sulphite as catholyte, and 
sulphurous acid as anolyte, and a nickel or platinum cathode, and a cylinder of 
platinum gauze as anode. It was found that catalysts, such as copper acetate, 
do not increase the yield of sulphuric acid, since the platinum of the electrode acts 
as the catalytic agent. Better results are obtained with low than with high con- 
centrations of the electrolyte. When oxygen begins to be liberated at the anode, 
there is a sudden drop in the current strength. M. de K, and N. J. l*hompson 
observed that sulphurous acid is easily oxi<hzed at platinum anodes to sulphuric 
acid of any cone, below 95 per cent. The cone, of sulphuric acid in the cell has a 
great efiect on the current efficiency, as also, but in a less degree, has the current 
density. Oxidation occurs with high current efficiencies even in cone, sulphuric 
acid soln. For^'a given cone, of sulphuric acid, the current efficiency decreases 
with increasing current density. K. F. Ochs observed that in the electro-oxidation 
of sulphurous acid the negative potential increases from —0*017 to 0*131 volt, 
when .tie reaction is catalyzed by metal salts. According to H. Hoffmann, the 
e.w.y. of tie gas element SO2 : 02 is smaller tian expected and is incapable of 
furnisking lafge currents because of the incomplete charging of the electrodes and 
the small velocity of the electrode reaction. The technical possibilities of the cell 
for the production of sulphuric acid are therefore hopeless. The primary products 
of electrolysis axe hydrogen and oxygen, sulphur dioxide being a secondary product. 
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D. F. Smith and J. E. Mayer calculated -Od38 volt for the ledmction potential 
of S 04 "+ 4 H'=^S 0 o+ 2 H 20 , and tliey gave —6350 cals, for the decrease of free 
energy, at 25°. Comparing this result with the values for hydrogen sulpiiide it 
follows that the reducing powers of the two gases in molar soln. ar(^ nearly the 
same ; for higher concentrations of H’-ions the reducing power of Jiydrogoui 
sulphide is the greater. Sulphur dioxide is a reducing agent in dih^ acid soln., 
and an oxidizing agent in cone, acid soln. When a piece of }>latinuiu foil is iimncrsed 
in a soln. of an oxidizing agent it acquires an electric charge, and its potential in 
volts, the oxidation potential, is a measure of the oxidizing power of ihc soln. 
S. E. Carter and F. James studied the capacity of sulphur dioxide to act as an 
oxidizing or reducing agent in soln. containing ferrous and f('rric ions. Measure- 
ments of the electrode potentials of the half cells Pt | H 2 SO 4 .H 2 SG 3 , IK d, and 
Pt I H 2 S 03 ,S,HC 1 show that with an increase in the cone, of the acid, tlunc is a rise 
in the sulphur dioxide potential, and a diminution in the ferrous-ferric poi-ential. 
The ehect of passing from weakly acid to strongly acid soln. is to lower tlu^ oxidation 
potential of ferric-ferrous chlorides and ])liosphates, and to rais('- that of sulpliur 
dioxide. The oxidation potential of cupric-cup)rous chloride is actually raised hy 
aiiincrcasein acid cone, up to about G-SiV, after which it decreases. In t lie cathodic 
reduction of sulpihur dioxide in acid soln., hydrogen sulj)hich‘. is not. formed as a 
p)ximar 3 ’ product, and it is thought that hyposulphiirous acid— or jiossibly ihio- 
sulphuric acid, thionic acid, or an active form of suljduir — is luimarily formed. 
A. A. Noyes and H. H. Steinour found that the e.m.f., E, of a ])latinizcd platinum 
electrode in soln. of sulphite-ions and H'-ions, under quiet conditions, i.s fairly 
constant, hut when the vsoln. is agitated for a long time, E heconies negative and 
then gradually increases to the value for the quiescent state. Tlie potential is not 
accidental ; at 25°, it is given hy i^=— 0*37— -0*0296 log [H’]' ; it is attributed to 
.sulphurous acid, and a decomposition product of this acid. It is independent of 
the initial condition of the electrode, and is scarcely afected by the ])resenco of 
sulphuric, hydrochloric, or dithionic acid. It is supposed to be hyposulphurouB 
acid, and the nearly constant value of E is said to he due to tlie rate of production 
of this acid from sulphurous acid, being equal to the rate at which it spontaneously 
decomposes. The addition of sulphur has no influence on E at low temp., but at 
higher temp, it may aflect the potential because of the accelerated rate of decom- 
position of the hyposulplmrous acid. The potential i.s complicated by the presence 
of oxygen, since this latter assists the decomposition of the hyjx) sulphurous acid, 
W. Finkelstein measured the deconipjosition potentials of various substances dis- 
solved in liquid sulphur dioxide. H. P. Cady and B. Taft studied the electrolyses 
of a number of soln. of salts in liquid sulphur dioxide — vide infra. In none of the 
electrolyses attempted (potassium iodate, iodide, ferri cyanide, etc.) were cathodic 
reduction products of the electrolyte obtained. Generally, the products possessed 
similar qualitative properties and are considered to be produced by the discharge 
of the ions of the solvent. The cathodic deposit, characteristic of so many of the 
soln., gave reactions which indicated the presence of a sulphite, thiosulphate, and 
probably one or more salts of the thionic acids. Contrary to L, S. Bagstcr and 
B- D. Steel, but in agreement with M. Centnerszwer and K. Drucker, no free sulphur 
was contained in these deposits. Anodic products are similar to those produced 
in the electrolysis of the substances in aq. soln. ' 

According to 1. Boltzmanipis the dielectric constant of sulphur dioxide gas is 
1*00260 ; J Klemencic gave 1*00905 at 14-7° ; and K. Badeker, 1*00993 at 0° or 
at r, 1*00993 - 0-45 xlO“56^^-l*86xlO-7d^, up to 150°. For the liquid at 14*5° 
and A=120, W. D. Coolidge gave 13*75 ; and 6*26 at 0 °* ; and P. Evcisheim, for 
A=™co , gave 14*0 at 20 ° ; 10*8 at 60° ; 7*8 at 100° ; 4*5 at 140° ; and 2*1 at the 
critical temp, about 154*2. The dielectric constant, e, of sulphur dioxide was found 
by G. T. 21ahn to be ; 

~ 7 *,r -.w 2 * 2 *.“' 21 -i O.S'O’ 170*B" 

(€— . 10015 091S 817G 5177 tJOJl 
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and tlic results can be represented by P. Debye^s cxj^rcssion (€~l)z;r--0'001433T 
+2*1675 where v is the sp. voL referred to the vol. occupied by the ideal gas at 
0° and 760 mm. There is no evidence of the 10 per cent, increase observed by 
M. Jona at about 150''. G, dung, and G. P. Smyth discussed the orientation of the 
molecules in dielectric fluids. W. Herz studied some relations between the dielectric 
constants and the physical properties. W. Kliefoth calculated a value for the 
electrical moment of sulphur dioxide, and showed that the electrostriction, or con- 
traction in vol. which occurs when a powerful electric field is applied to the gas, indi- 
cates that the attraction between the molecules is of electrical origin. W. A. Macky 
obtained similar results in developing triboelectricity in an atm, of sulphur dioxide 
as in air. T. Terada and co-workers found that the sparking potential of sulphur 
dioxide at normal press, is three times that in air. 

The chemical properties o£ sulphur dioxide. — According to C. Langer and 
V. Meyer, vapour density determinations at 1700° show no evidence of the decom- 
position of sulphur dioxide by heat. H. St. C. Deville, A. Morion, A. Geitz, and 
Ih Walden and M. Centnerszwer, however, said that when heated to about 1200°, 
sulphur dioxide decotn])Oses into sulphur trioxide and oxygon, xi. Winternitz 
found that if x denotes the percentage dissociation of sulphur dioxide, SO.>— J-S.>+Oo, 
at 727°, aj--= 0 * 07 ll 2 ; at 1227°, 0*000138 ; at 1727°, 0*0148 ; and at 2227°, 0*240. 
J. B. Ferguson showed that it is probable that sulphur dioxide is less dissociated 
by heat than is carbon dioxide or water vapour. He calculated for the dissociation 
582+02^802, the equilibrium constant K from [S02]==-K[So]^[02], log Z==1818T“i 
— 1*38 log T+0-00061T— 0 * 0767 T2~-0*135. Hence, if x denotes the fraction of 
the original sulphur dioxide dissociated at different press, p atm., 
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D. Alexejeff made calculations of the thermal dissociation of sulphur dioxide. 
J. Rriostley, and C. L. Berthollet observed that when water and sulphur dioxide 
are heated in a sealed tube, sulphur is formed. A. F. de Fourcroy and 
L. N- Vauquelin, and C. Geitnei observed no decomposition when the moist or diy 
gas is passed through a red-hot tube, and C. Geitner when the dry gas is heated in 
a sealed tube. P. Hautefeuille said that the decomposition of the moist gas in a 
sealed tube occurs at 440°. J. I. Pierre found that gaseous and liquid sulphur 
dioxide, and the aq. soln, were not changed when separately heated on a water- 
bath for a month, or allowed to stand at ordinary temp, for 3 years. J. Priestley 
observed that if sulphur dioxide and water be heated in a sealed tube, crystals of 
sulphur are produced. C. Geitner observed the formation of sulphur and sulphuric 
acid at 170°-180° ; and M, Berthelot, at 150°-180°. Some sulphur may react 
with the water, forming hydrogen sulphide. H. Wieland found that sulphur 
dioxide is slowly oxidized by moist palladium, in the absence of oxygen : HoO+SOg 
-SO3+H2. 

J. 8. Stas -9 said that sulphur dioxide is more chemically active in sunlight than 
in darkness. According to P. Dutoit and E. Gyr, ordinary white light has no 
effect on thoroughly dried sulphur dioxide. J. Tyndall showed that when a beam 
of electric light is passed through a long tube filled with the gas, at first the gas 
appears to be clear and transparent, but in a few minutes the gas appears to decom- 
pose, fo?r misty wavering striae appear, and gradually the whole tube appears to 
be filled with a fog. This action of light in certain gases is sometimes called 
Tyndall’s effect. In the present case the effect appears to be due to the decomposi- 
tion of the sulphur dioxide, probably 3802=2803+8. If left a short time in the 
dark the gas becomes clear, perhaps owing to the recombination of the sulphur and 
sulphur trioxide, or to the deposition of the fine particles on the walls of the cylinder. 
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Ultra-violet ligkt from a mercury quartz lamp decomposes sulphur dioxi<ie into its 
elements, a crust of sulpiiir being deposited on the containing mercury ; the oxygen 
reacts with the residual sulphur dioxide. D. Berthelot and H. Gaiideclion, A. Coehn 
and H, Becker, and H. Kiihne showed that sulphur trioxide is formed when a 
mixture of oxygen and sulphur dioxide is exposed to ultra-violet light. A. Coehn 
and H. Becker found that the reaction, 28024-02^2803, is in ecjuilibrium when 
about 1(X) per cent, of sulphur trioxide has been formed ; whereas in the light from 
a mercury lamp, and at the same temperature, equilibrium is reaclu'd wluu) 65 per 
cent, of sulphur trioxide has been formed. The value of the oquilibrmin constant 
K in [02][S02]^=^[S03]^ is 2*9 X for light of a certain intensity, and with light 
of a less intensity the equilibrium constant is altered. The equilibrium point is 
not altered at temp, between room temp, and 800°, whereas the torn]), coeif . of the 
thermal reaction is 1*2 for a rise of 10° between 50° and 160°. The possibility of a 
photochemical equilibrium, difierent from ordinary equilibrium, is denied by some 
chemists. A. Findlay observed that sulphur trioxide is formed when a mixture 
of sulphur dioxide and oxygen is exposed to the Tesla discharge ; and W. Hallock, 
to radium rays — vide infra, the formation of sulphur trioxido. 

According to E. Coehn, the photochemical decomposition of sul])luir dioxide 
furnishes sulphur and oxygen, the latter being largely used up to form sulphur 
trioxide ; and E. A. HiE said that the primary process involves either a dissociation 
of the S02-molecule into atomic sulphur and molecular oxygen, or simply an acti- 
vation of the sulphur dioxide molecule so that the final result in cither case is 
3S02—2S034-S- A. L Foley studied the effect of ultra-violet light, and of X-rays 
on the spectrum of sulphur dioxide. Assuming with T. von Groi/thxis— 2. 18, 5 — 
that only those rays absorbed by a substance can he photochcmiically active, 
R. A. TTih found that the absorption band commencing at 318*2/xjit with its head 
at 296*ljcxjEx is involved in the photochemical decomposition of sulphur dioxide. 
W. C. M. Lewis showed that the reactivity of a substance depends on its critical 
increment — 4. 25, 8 — meaning the amount of energy which must be added per 
molecule or gram-molecule, in excess of the average content in order to bring the 
molecule into the active state. The higher the critical increment, th<‘. smaller 
the reactivity or rate of reaction. He found that this increment appears in the term 
^-niRT qI expression for the temp, coef . of the velocity of the. reaction, where 
denotes the critical increment per mol ; R, the gas constant ; and T, the absolute 
temp. He applied the hypothesis to the thermal decomposition of sulphur dioxide. 
He calculated for the critical increment of oxygen 30,000 cals, per mol ; for sulphur, 
73,500 cals, per gram-atom ; and for sulphur dioxide, 103,500 cals, per mol. Binco 
the thermal value of the reaction, Q, can be represented by : Q'-RfomitmiB 
^E^reaetants^ 81,400=firesuifcants-” 103,500, and the Critical increment of the sulphur 
dioxide molecule is therefore 184,900 cals. This, corresponds with radiation of 
frequency 19*6x101^, and wave-length 153 ju./a. This high value for the critical 
increment agrees with the great stability of sulphur dioxide-even at 2200° K. The 
calculation assumes that atomic sulphur is concerned in the process. Remembering 
also that the absorption bands for oxygen--'3-2/u and 4:‘8ju.— -and that the critical 
increment for a wave-length 4-8/x. is nearly 6000 cals, per mol, if both oxygen 
atoms have to be activated, and if the S2“naoleoule is concerned in the reaction, the 
critical increment for S2+2O2 is 33,500 cals., and the critical increment of sulphur 
dioxide is 95,700 cals. This agrees closely with the critical increment, 96,700 cals., 
calculated for the 296*lpL]Lt band concerned in the photochemical reaction. 

According to J , CarvaUo, when a current is passed between platinum electrodes 
in liquid sulphur dioxide in the dark, the current-intensity falls to a constant 
mi n i m um. Lf^ at this stage the liquid is alternately illuminated and darkened, the 
current intensity rises to a greater extent at each successive illumination, reaching 
a maximum at the seventh, and falls at each extinction of the light, the limit of 
the fall being higher at each successive extinction. These changes arc shown by a 
curve in the original. After the final extmetion the current gradually* falls to the 
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original miniiniun. Tliesc two effects occur in tlic mass of the 
produced hj ultra-violet rays. Tiic positive ellect is chemical, and is due tdHhe "’ 
change rcprosent('d by tlic equation ; the negative effect, which 

takes place in i/he dark, is due to the removal of the impurities by the current. This 
negative effect is Tiot exhibit(‘d when an alternating current is used. J. S. Stas 
observed that ordinary sulphur dioxide <‘xerts a simple reducing action on the 
iodatc, broniate, or chlorate of silver, but sulphur dioxide which has been expos(‘.d 
to light exerts l)oih a rculucing action and a sulphuration similar to most of the 
polythionic acids. As a result silver sulphide is slowly juccipitated. 11. Kosc 
noticed that sulpluir dioxide obtained by the action of sulfdnir on manganese 
dioxide behaves towards silver salts dilTerenily from the gas obtained by reducing 
sulphuric acid with mercury or copper ; and 1. S. Stas observed a similar result 
with sulphur dioxide prej)arcd from sulphur and sulphuric acid, hut in a less degree. 
This does not mean that there arc two different forms of sulphur dioxide, but that 
by certain modes of preparation, by exj)osing the gas in the presence of moisture 
to light, or by exposing the aq. soln, to light, im])uritics of the nature of polythionates 
are formed which contaminate thp gas. 0. Loew found that after an aq. soln. of 
sulphur dioxide has been exposed, in sealed tubes, to sunlight, it begins to deposit 
sulphur after about 2 months and at the same time forms sulphuric acid. 

J. Priestley 21 found that sulphur dioxide is decomposed by electric sparks. 
He said : 

One of the most ronmrkablo obsorvationa 1 have made on vitriolic acid air was that 
when the electric spark is takoxx in it, the inside of the glass tube in whicli it is confined is 
covered with a blackish substance. 

The black substance puzzled him, and he finally concluded that it is mercury 
super pMogisticated. H. Buff and A. W. Hofmann showed that sulphur and sulphur 
trioxidc are formed by the sparking ; and P. de Wilde, by the silent discharge. 
H. St, C. Devillc said that a state of equilibrium is attained, and that to decompose 
the gas completely the sulplmr trioxidc should be removed as fast as it is formed 
by water or cone, sulphuric acid. M. Bcrthelot said that some platinum sulphide 
may be iormed on the platinum electrodes. According to m!. Poliakofi, when a 
mixture of sulphur dioxide and oxygen is exposed to the silent electric discharge, 
the oxidation to sulphur trioxidc is more or less completely dependent on the cone., 
press., etc. 3f the oxygen alone is subjected to the action of the discharge, it will' 
unite with the sulphur dioxide when removed from the influence of the discharge. 
Sulphur dioxide, however, is not thus activated by the discharge. The results 
similarly obtained with various catalysts, like those of the experiments on tlu^ 
decomposition of potassium chlorate, point to the activation by the catalyst of the 
gases adsorbed by the latter. According to V. Henri and P. Wolfi, the emission 
spectrum produced by an oscillating discharge in sulphur dioxide is attributed to 
the formation of sulphur monoxide, SO, and the energy of dissociation is estimaterl 
at 148 Cals, H. Honda and K. Otsuka calculated for the sparking voltage with 
tubular electrodes in sulplmr dioxide to be for a 10-cm. gap, and a SO-cycle alter- 
nating current,' 53 volts. V. T. Terada and co-workers studied thC' character of 
the sparks in sulphur dioxide. 

According to M. Berthelot, dry hydrogen and dry sulphur dioxide react when 
passed through a red-hot tube, forming water and sulphur ; and, if the temp, is 
not too high, some hydrogen sulphide is produced as well. No action occurs with 
the dried gases at temp, below 280° ; and the moist gases do not act on one another 
at ordinary temp, in light. If the dried mixture be ignited in air, sulphur, hydrogen 
sulphide, and water are produced. The thermal value of the reaction is SO^+SHg 
'=2H20-fH2S-f'51'8 Cals.; if nascent hydrogen from zinc and sulphuric acid acts 
on sulphur dioxide, the thermal value of the reaction is 37*9 Cals. If a mixture 
of sulphur dioxide, hydrogen, and enough oxygen for the complete combustion of 
the hydrogen be exploded, the sulphur dioxide suffers no change. I. Traxibc said 
that the flame of a burning mixture of hydrogen and sulphur dioxide in eojitact 



206 


INORGAlSiIC AND THEORETICAL CHEMISTRY 


witli water furins free siilpluir and liydrogen sulphide. The rcaetioji SO^ 

=2H20-1-H2S5 was studied quantitatively by M. Randall and E. R. von Bichowsky 
— vide supra, hydrogen sulphide. M. G. Tomkinson found that the reaction 
between the dry gases is accelerated by nickel or nickel sulphide. Tiie whole of 
the sulphur dioxide is decomposed at 460°-450'' if the gas current is slow^ Steam, 
hydrogen sulphide, and sulphur are formed. Cohalt sulphide can bo usimI as catalyst 
for the hydrogenation, but ferrous sul})hide is not so (dh^ctive. P. Ncogi and 
B. B. Adhicary said that the hydrogen sulphide is produced wdth nickel as a catalyst 
partly by direct reduction, and partly by the reduction of nickel sulpliidc formed 
by the interaction of nickel and sulphur dioxide. According to J. H. Cladstoin^ 
and A. Tribe, nascent hydrogen from the copper-zinc couple, or hydrogen from hydro- 
genized platinum converts sulphurous acid to sulphur, while hydrogenized palladium 
reduces it to hydrogen sulphide — vide infra, the action of metals on sul])hur()us acid. 
M. J. Foxdos and A. Gelis observed that with hydrogen from dil. sulphuric acid 
and zinc, 3Zn+S02+3H2S04=3ZnS04+H2S+2H20. H. Moissan found that 
sulphur dioxide reacts with the metal hydrides — alkali and alkaline t‘arth nietala— 
forming hyposulphites. 

Dry sulphur dioxide is oxidized by air or oxygen only to a very small (‘xtimt if 
at all ; at an elevated temp., a little trioxide is produced, hut if a contract catalyst 
is present, e.g. platinum, the oxidation readily occurs. In 1831, this was the 
subject of a patent by P. Phillips for making sulphuric a(dd. Th<‘- rea(‘-tion was 
examined by S. Genelin, W. Petrie, G. Magnus, W. Bath, J. W. Dbbereiner, 
E. Wohler, P. Mahla, W. Hempel, etc . — vide infra, sulphur trioxide, and also sulphur 
heptoxide. • E. Briner and A. Wioczynsky observed the hcginniiigs of clieniical 
reaction between sulphur dioxide and oxygen at a high press. E. Andreas dis- 
cussed the production of electricity in the gas cell in the oxidation of sulphur 
dioxide by air. If the gases are dry, M. Berthelot said that oxidation does not 
occur at 100°, but if the gas be in statu nascendi, as occurs when sulph ur is burnt 
in oxygen, or if a mixture of sulphur dioxide and oxygen or ozone is exposed 
to the silent electrical discharge, oxidation occurs. In that case, tlie aulphur 
dioxide and oxygen form some sulphur heptoxide — vide infra, alkali sulphites. 
A. Borchers found the equilibrium conditions of the reaction to be 

[03y<=Zt02]h when £^=0T888 ; and for the reaction SOs, where 

[S03]=A][03]^[S02], and ^=1-013. With sulphurous acid, ii =^0-514, K. B. Dixon 
showed that oxygen does not combine with sulphur dioxide in the })reseiK‘.e of 
water-vapour at 100°, hut oxidation does occur if particles of liquid wmt(T arc 
present. According to E. J, Russell and N. Smith, when a mixture of sulphur 
dioxide and oxygen is allowed to stand over certain metallic oxides at the ordinary 
temperature, combination takes place to a certain extent between the twm gases, 
owing to the “ surface action exerted by the metallic oxide. With the same 
oxide, the amount of sulphur trioxide formed depends on the extent of the surface 
of the oxide ; and also on the state of the surface. It is least with freshly pre- 
cipitated oxides which are not yet dried, and increases if the oxide has been 
moderately heated or kept for a long time so as to become dry. The amount is 
dependent on a simultaneous combination of the oxide with sulphur dioxide, and 
seems to proceed concurrently with this. Several cases have been observed in 
which sulphur dio:ade was absorbed without any combination with oxygen, but 
no case could be discovered in which the two gases combined without a reaction 
mmng place between the sulphur dioxide and the metallic oxide or other substance. 
The 3nost striking instance of this surface action is afforded by manganese dioxid(^^ 
sorne 20 per cent, of the sulphur dioxide being converted into sulphur trioxide, 
ii the materials are carefully dried by means of phosphorus pentoxide, no com- 
J standing for several days no alteration in volume 

can be deteeted.^ By drying the mixture, combination of manganese dioxide and 
su pnur dioxit^ is thus prevented, as is also the surface action of the oxide which 
brings about the union of sulphur dioxide and oxygen. When sulphur dioxide and 
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oxygen arc jiassed over lieaUid iilaiiiiiwd pninici', ooiuliinii.Uon (iiniiiii,slieH :i.'< I lie 
materials arc more (completely dried, aud (can l)(‘ made, very small. Hiilunio d. 
has been goiicrally lield that the “ contact action ” of |)latiiuuu could bring uboul, 
combination even in the absence of any iniiiurh.y, biit tliis doos not a|iiieiir to be 
the case. J. Mai.sin studied the a<‘tioii of the electric discharge on a. iiu.Klaire oi 
sulphur dioxide and oxygen whereby ))crsvdphuric, anhydrides arc lorincd. 

The aq. soln. of sul])hur dioxidii is slowly oxidizc'd in air, iorininy' suljmu nt*. 
acid, while 0. L. Ke(^sc found that dil. soln. are rapidly c),xi< if. Idissler 
showed that the reaction is a,c(‘.ei(wated hy copper salts ; and L. I\l(\V(*r, thati it h< 
accelerated in the ])resencc of various sa,Its, and this in ord<‘r ol di'crt'asitsy 
activity — manganese sulphate and ohlorich', cop[)('r sulpluitcs l(‘rrous ami (’oha-lt 
chloride and sulphates, and the sulphates of nickel, zinc, cadnuunu ?uui ma.giu'.sium ; 
while thallous and potassium sulphat(\s, and fnn* Hiil[)huri(5 a,c.id ina.(;fiv(\ 
J. Priestley, T. Bergman, A. F. d(^ Fourcroy and L. .N. Vaiajm^lin, i \ Ij. Bertliolhd., 
and C. Gcitncr ohseuwed that when an nq, soln. of sulphur dioxidt^ is lasdvd, sumu<* 
sulphur is formed. F. Feirster and co-worki'rs found that the aaiioiixidation : 
3H2S03=2HsiS04+n20d" R, is c()m])l(‘.t(‘. ojily alVr siweral days a-i; KHT (t U is 
autocatalytic, being acemleratc'd by Ihe sulpimr bid- retard(‘d by tin* hydrogen 
ions formed. It is accelerakMl by light and heat. Thomas stmbVd tin* action 
in light. The mechanism of the (dmnge is coopdex, thiosul|)hiiri(‘. and fH»ly t hi(>ni(‘ 
acids being formed as intermediate sta.gc‘s. F. Ffirstm* aiivd on workiU's c(mstdor 
that two different kinds of niols. must ht^ present in. tlu>! oxidation and rtsliadha^ 
which is the first step in tlm ])r{)C(iss of autoxidation ; tlu'V c.onsi<l<‘r tlia-t flaw* 
are two different forms of llBO^-ions or of RoO/'-ions n^acting ata’ording to 
2HS03'-->S04"+H2S02 (sulphoxylic acid); or \ (sulphoxylii; 

anhydride). As indicated in connection with the axdaou of light- <m soln. of 
sulphurous acid and the sulphites, it may be assumed that some pyrosulphurons 
acid is present in soln. of sulphurous acid, and uca^ordingly, If. BasH(‘tt and 
R. G. Durrant assume that the tw'o kinds of mols. concertuMl in tin* (irst stiago 
of the autoxidation axe 112803 and H0S2O5, and tlu‘. reaction proct^edn, 
+1128205^112804+1128204, where hyposulphurous acid is tlu'; most preh^a-hh^ pro- 
duct in the first state of the reduction of the pyrosulphurous acid. Owing t-o tin* 
instability of this acid proof is difficult, although K. JungflciscVli and L. and 

F. Forster observed that hyposulphurous acid is fornual r!nd(‘r houu», (’(mditioiiH. 
H. Bassett and R. G. Durrant said the only reaction for hypomdphii-c in Hulj>liitn 
soln. undergoing autoxidation is the bleaching of hidigo. F. FdrHt-<‘r and cn \vin‘kerH 
observed that suljdiur dioxide co-ordinated with thiosulpliiate or iodich' caui oxi<liZ(f 
sulphurous acid in place of the sulphurous acid comph‘,x ^riuH (%x plains 

the remarkable way in which iodides or thiostilphates acceleraie tlu‘ autoxida-iknn 
While colourless pyrosulphurous acid, IISO2.O.HSO2, is normally 'r(‘Hpon.siblo for 
the first step in the autoxidation of sulphurous aci<i, the 3)yro”forjn of hypostd 
phuxous acid, H.SO2.O.S.OH, is the first product of rtnwit-hni ; but mnu^ 
pyrosulphurous acid may be transformed into the ytdow conq^ltox 
and the two forms react to produce thiosulphate and pyroBulpIiite : I 10 ,H"C), 8 ( )J )l I 
+(HO)2S.S02^H2S205+H2S203. Thc next stag(5 of mw-.iion invoIvt'M Ilut 
decomposition of tHosulphuric acid (q.v.). F. Forster and co-workers as.Hunic that, 
the thiosulphuric acid is derived directly from the sulpboxylic iicul, a reaction wbicb, 
according to H. Bassett and E. G. Durrant, docs not occur. F. Forster and co- 
workers assume that pentathionic acid is tne first product, of t he brea)< down of 
thioBulpburic acid, but H. Bassett and E.G. Durrant said t.hat trit, bionic imid is 
first formed : 2H2S2035:^sH2S-f HaSjOe, and this gradually yi<‘ld.s U-tratliioiiic and 
pentathionic Mids as the cone, of the sulphurous acid dinuiUKlies witli 1 he progresH 
of the autoxidation. The polythionic acids dccomjarse in tli<;ir liini, and the 
final products^ of the autoxidation are sulphur and auliihuric acid. On account 
of this polythionic acid formation during autoxidation, tri- and tctra-tliionii! ac-iils 
are almost always present in old sulphurous acid sola,, whether thcHo iiavc liccn 
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entirely protected from atm. oxidation ox not. As tlie thioiiic acids arc slowly 
decomposed in acid soln., the amount surviving in any given case depends upon 
tlie age and composition of tlie soln. Fo separation of sulplxur occurs for a long 
time, because tie excess of sulphurous acid stabilizes both the sulplioxyiic and the 
tMosulphnric acids by yielding with them the sulphur dioxide addition complexes, 
lormation of thiosulphate from sulphite and sulphur, according to the redaction ; 
1128203^112803-1-8 is greatly facilitated as well as the formation of trithionatc : 
21128263^1198 -fH^SsOe; the hydrogen sulphide is removed by interaction with 
sulphoxylic acid : H2S-b(H0)2S^2S-|-2H2O, with pyiosulphuroiis acid : 
-1-H2S^S{OH)2+HO.S.O-S.OH, or with the sulphur dioxide of the complex 
thus : H2S-f[802]=S-|-8(0H)2. While the thiosulj)liat('<_ is form- 
ing during the autoxidation of sulphurous acid, the acidity or hydrogtm-ion cone, 
increases, and addition of acid is consequently unfavourable to the reaction. 
On this account, pyrosulphite soln. undergo autoxidation much more rapidly than 
do sulphurous acid soln. This effect of the hydrogen ion is connected with its 
inffuence on the equilibria il‘-f HS03"^H2S03==H20+S02. The more acid the 
soln., the greater the proportion of sulphur dioxide present, and since tlie autoxida- 
tion becomes coTrespondingly slower, this favours the view that sulphur dioxide 
is not one of the primary reactants. Various liquids other than water were shown 
by E. Matthews to favour the reaction with hydrogen sulphide and sulphur dioxide ; 
and the assumption that pyrosulphurous acid is one of the primary products of 
the reaction is supported by G-. M. Bennett’s observation that sulphur, or even 
hydrogen sulphide, was liberated when sodium sulphite or pyrosulphite, in the 
solid state or in sat. soln., was added to hot cone, sulphuric or phosphoric acid. 
Sulphur dioxide or its sat. soln. in water do not act in this way. In conclusion, 
H. Bassett and R. Gr. Durrant added that the reduction of sulphurous acid in aq. 
soln, probably proceeds normally to hyposulphite, and not directly to sulphur or 
hydrogen sulphide. These substances are products of the reduction of hyposul- 
phurous, sulphoxylic, or thiosulphuric acid. The various reactions between metal 
salt sola, and sulphurous acid indicated below emphasize this hypothesis. 
H. Thomas discussed the oxidation of sulphur dioxide in sulphuric acid soln. 

F. Forster showed that the spontaneous decomposition of sulphurous 
acid is autocatalytic, and is accelerated by the presence of seleniiirn, - The 
first ])roducts of the reaction are sulphate and trithionate ions, but not 
tetrathionate : 4IIS03'“>S04'-f S306"-f-2H[20. The slower the reaction the 
greater is the decomposition of the trithionate accordiag to the equation 83O0'' 
4-E2O^S04'^-j-8203'^"i-2H'. The autocatalytic nature of the* main reaction is 
ascribed to the hydrogen ion, of which the concentration increases more rapidly 
than is indicated by titration, using methyl-orange as indicator, on account of 
the disappearance of HSO3'. The mechanism of the process is as follows : the 
seleno-dithionate ion, formed rapidly by the action of hydrogen sulphite solm 
on selenium or on selenious acid, undergoes decomposition, accelerated by the 
hydrogen ion, SeS20e''^-l-H20-^S04^''-j-SeS03'''^’-l-^H* ; in presence of more hydrogen 
sulphite a series of reactions then takes place: SeSO/-f-2II*^Se0H-S04-HQ0' 
SeO“h2HSO3^--^Se8206'^-|-H2O ; SO-f In the absence of 

selenium, the hydrogen sulphite ion decomposes very slowly, according to the 
equation 4HSO3'— >2S04"“h8203"^-f-2H‘-f-H2O ; the resulting hydrogen ions in 
this case also effect autocatalysis, probably through the formation of poly- 
thionates. 

E. Jnngffeisch and L. Brunei studied the action of heat up to on aa. soln. 
of sulphur dioxide, sat. at 0 °, and found that water and sulphur dioxide will react 
at temp, below IbO^, and even at the ordinary temp, producing sulphur and'' sul- 
phuric acid, but the reaction is much slower at the lower temp, and with more dih 
soln- This production of sulphur and sulphuric acid really takes place in two 
stages, the first of 'v^hich, resulting in the formation of hyposulphurous acid, is 
only noticeable at the lower temp. : 3S02-l-2H20==H2S204-f H^SO^ ; followed by 
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H 2 S 204 =-S“ 1 -HwS 04 .^ Cortaiu secondary reactions of a iiiinor ciiaracter iak<‘. 
place at the same time. K. P. Ochs measured the potential of sul]>hur()xis acid 
against copper, manganese, iron, and cobalt salts in soiii. hetweeu 5^" and 65' . 
These agents act as catalysts in the oxidation of the acid. F. Biniiecker arranged 
a number of salts, etc., in the order of their power to act as oxygen carriers in the 
oxidation of sulphurous acid ; manganese sulphate, and chloride ; cuj)ric and 
.cuprous chlorides ; cupric sulphate ; ferric chloride ; cuprous oxide ; ferrous, 
and cobaltous chlorides; ferrous sulphate; cupric hydroxide; cop])er ; ferm* 
and cobaltous sulphate; cupric oxide; nickel, zino, cadmium, magnesium, 
thallous, and ‘ potassium sulphates; dih sulphuric acid; and water. Observa- 
tions w'ere also made by L. Meyer, and H. Stelljes. According to A. E. Lange, 
sulphuric acid is not formed in appreciable quantities when sulphur dioxide is 
passed into a soln. of sucrose ; but if a current of sulphur dioxide mixed with air 
free from carbon dioxide is passed throxigh a hask containing a cop])er or iron 
salt as a positive catalyst, and then througli a second flask containing the same 
salt together witli a 25 per cent, soln, of sucrose, the fornxation of snlpluirie, acid 
is greatly diminished by the presence of sucrose. Air 0 xidi 7 .es arp soln, of the 
sulphites, and J. L Pierre observed that an acid sulpliite after standing for a year 
in a closed vessel furnishes sulphur, and sulphuric and tliionic acids. 1. A. Bacli- 
man, and R. Lepetit and G. C. Satta observed that the normal alkali and ammonium 
sulphites are oxidized at about the same speed, aud faster than the hydrosul])hiteH. 
Tlie retarding influence of alcohol and other organic substances was noted by 
S. L. Bigelow, H. N. Alyea and H. L. J. Biickstrom, H. L. J. Biickstrom, and A. and 
L. Lumiere and A. Seyewetz — vide infra, alkali sulphites ; and of ferric hydroxide, 
by S. Miyamoto. 

C. Moureu and co-workers studied the catalytic action of some substances on the aut oxi- 
dation of alkaline and acidic soln. of sodium sulphite, and, taking the two tj’pos of 
soln. in the order named, they found silicon retards, hastens; silica, retards, nil; silit'On 
tetrachloride, retards, hastens; silicon tetrabromido, retards, hastens: silicon tetraiodide, 
retards, retards; silicon hydrotrichloride, — , retards; silicon phenyltrichlorido, 
retards; silicon tetraethyl, — retards; silicon totraetlioxido, retards, retards; silicon 
tetraphenyl, hastens, hastens ; and boron, retards, — . 

W. Omelianskj found that the organism which converts nitrites into nitrates 
will not oxidize sodium sulphite or phosphite. L. J. Theuard, and J. Meyer 
found that hydrogen dioxide oxidizes sulphurous acid aud sulphites to sul])hates ; 
and A. ISfabl represented the reaction: 2H2S0 jj+H2O2=2H20-"[~H.hS20q ; 
followed by H 2 S 206 +Il 202 = 2 Il 2 S 04 . F. Ferraboschi said that ozone Ts "^|^)ro- 
duced when hydrogen dioxide is added to aq. sulphurous acid, but not so with 
sodium or barium dioxide ; nor when a soln. of sodium sulphite is used — vide infra, 
sodium sulphite. J. H. Kastle and A. S. Loevenhart said that when sulphur 
dioxide is^ oxidized by hydrogen dioxide, a labile oxide, H.S 02 ( 02 )H 3 , is first 
formed as intermediate compound. 

F. Sestini 23 observed that below its b.p. liquid sulphur dioxide is insoluble in 
water. According to H. Davy, one vol. of vrater absorbs 30 vols. of the gas at 18® ; 
J. Dalton, 20 vols. at ordinary temp. ; N. T. de Saussure, d3-78 vols. ; T. ThonisoiC 
33 vols. ; and T. J. Pelouze and E. Fremy, 50 vols. at 20° and 760 mm. J. Priestley 
found one part of water by weight dissolves 0*04 part of gas ; A. F. de/Fourcroy and 
L. N. Vauquelin, 0*143 part of gas ; T. Thomson, 0-0909 part of gas at 16° and the 
sp. gr. of the soln. is 1-0513 ; and J. I. Pit‘Trc, 5V. 51. Watts, W. T. Smith and 
R. B. Parkhurst, E. Freese, P. Walden and M. I'entm'rszwor, B. S. Neuhausen, 
A. Harpf, and J. C. Hudson made some observations on this subject. T. H. Sims^’ 
data w^ere recalculated by W. Fulda, The absorbed gas does not escape on freezing, 
but it can be all driven off slowly by boiling the soln. F. Bclionfeld gave for the 
solubility of the gas expressed in vols. of sulphur dioxide, reduced to 0° aV\d 760 mm., 
dissolved by one vol. of water : 

m. . 79-789 07-485 50-0-1:7 47-276 30-374 32-780 27-161 22-180 KS-70G 

VOL. X, p 
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Tills iniiciBs that one yoL o£ water at 760 iivni. press, between 0° and 20° dissolves 
79*789 -2'6077^+0*029349^- vols. of sulphur dioxide ; and between 21° and 40^ 
75*182- 2'1716d-[-0*01903l9“. Or, one vol. of the sat.soln. contains at 0°, between 
if and 20°, 68*861 1*870250+0-012250- vols. of gas; and between 2J° and 40°, 
60-952 - 1 -SSSOSd+O-OlOOS^- vols. of gas. E. Wiedexnami gave for the absorption 
coefL 79*789(1-0*032680+0-0003670-2). Tables were also prepared by T.H. Siins, 
and L. Cariiis. T. H. Sims also measured the effect of press. He found that 
S gnus of gas were dissolved by a gram of water, at a press. 
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T. K. Blicrwood, and J. Lindner also made some observaiion.s on the effect of press, 
on tlie solubility of the gas. J. D. van dor AVaals found that sohibilit-y S, at 0°, and 
]:)ress. 7;, and a soln. of concentration 0 is ^'=iog ^/(335C— 1*5) — O-O1850/{1 Xa0). 
According to F. Schunfeld, the gas behaves in accord with Henry’s law, but T. H. Sims, 
E, P. Perniaii, B. S. hfeuhausen and W. A. Patrick found that the solubility of 
sulphur dioxide in water can be represented by a formula of the ty])e 
where h' and 91 are constants ; v denotes the vol. occupied by the liquolied gas 
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Fig. 46 . — Equilibrium Diagraiu of Water 
and Sulphur Dioxide. 


Fig. 47 . — ^The Binary System : SO2-H2O 
( D iagrarnmat ic ) . 


dissolved per gram of water ; vap. press. ; f, the equilibrium gas press. ; 

and CT, the surface tension of the liquefied gas at the given temp. W. B, Campbell 
compiled data on the vap. press, of aq. soln. of sulphur dioxide. The rate of escape 
of sulphur dioxide from its aq. soln. was studied by E. P. Perman ; and the rate of 
absorption, by R. T. Haslam and co-workers, E. Oeman, W. G*. Whitman and 
I). S. Davis, and W. K. Lewis and W. G. Whitman. The sp. gr. of the soln. have 
been indicated previously. G. Baume and A. Tykociner found that sulphur dioxide 
and water are only partially miscible at low temp. The region covered hy the 2- 
liquid system extends from about 11 to 97 molar per cent, of sulphur dioxide, Fig. 46. 
The eutectic at which ice and the sulphur dioxide heptahydrate, SO2.7II2O, coexist 
in equilibrium lies at about —3°, The f.p. curve of the heptahydrate is intercepted 
at 12*1° by the straight line corresponding with one of the two liquid phases. The 
f.p. of the second liquid is —74°, and the corresponding straight line on the diagram 
intercepts the curve for sulphur dioxide of m.p. —72*3° at about 97 molar per cent, 
of sulphur dioxide. P. Guthrie gave — 1-5° for the eutectic temp., and 
II, AY. B. Boozeboom — 2*6°. A. Geuther i’)re\’iously prepared the heptahydrate. 
P. ATllard, G. Tammaim and G. J. E, Erige, A. Bouzat, and E. Bouty regarded 
the crystals as liexahydiatcd ; J. J. Pierre, as enn on hydrated ; 0. Popping, as 
liennliydratcd ; and F. Bchoiifeld, and A. Delarivc, as pentadecaliydrated. Tho 
yef^hi of eric+nce favours the view that sulphur dioxide hexahydrate, 800.61120, 
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is the actual composition of the hydrate. F. Friedrichs made some ohservations 
on this subject. 0. Dopping gave —2° to —V for the m.p. ; F. Schonfeld, 34° ; 
J. I. Pierre, 4° ; A. Delarive, 4° to 5° ; and A. Geuther, 14°. H. W. B. Eoozeboom 
gave for the solubility of the hydrate : 

— 2 6 0’ 40^ S-O* 12*2“ 

Molar per cent. SO 2 • 2-4 2-8 3-7 5-1 11 to 96 

Curve BL, Fig. 47, represents the equilibrium curve between the solid hydrate, 
a liquid soln. of sulphur dioxide in water, and vapour — sulphur dioxide and water. 
The vap. press, of the hydrate are —2*6° and mm. ; 0° and 297 mm. ; 

7 *1° and 760 mm. ; and 12*1° and 1773 mm. The combination BA represents an 
unstable equilibrium. The curve DL refers to the hydrate, a liquid aq. soln. of the 
gas, and the vapour of gas and water : 

0° 4° 8“ 12-1° 

Pressure . . . 310 495 870 1773 mm. 

SO 2 in one part HgO . 0 104 0-135 0-191 0-310 


The curve LE refers to a soln. of water in sulphur dioxide, of water in sulphur 
dioxide, and the vapour ; and LA, the hydrate, soln. of sulphur dioxide in water 
and of water in sulphur dioxide. This curve resembles an ordinary fusion curve, 
and it has been followed a short way — at 12*9° and 20 atm. press. ; at 14‘2^ and 60 
atm. ; at 15*3° and 100 atm. ; and at 17*1° and 225 atm. At the quadruple point 
L, four phases — ^heptahydrate/soln. of water in sulphur dioxide and of sulphur 
dioxide in water, and vapour — coexist in equilibrium. The dotted curve refers to 
the system containing the hydrate, ice, and -water — values of f and 6 between 
— 9-5° and —2*6° have been determined. The curve BF refers to the system ice, 
a soln. of sulphur dioxide in water, and vapour, and is represented by a system 
with ice floating in Liquid sulphur dioxide ; vap. press, from 0° to — 2*6° have 
been determined. The curve BZ refers to a system with the 3 phases ice, solid 
hydrate, and a soln. of sulphur dioxide in water. At the quadruple point L, 
there are the four phases : ice, solid hydrate, a soln. of sulphur dioxide in water, 
and vapour, 

G. Tammann and G. J. R. Krige observed only a single hydrate SO2.6H2O, which 
forms a eutectic with water at —2*6°. They studied the 

efiect of press, on the hydrate in aq. soln., and their — — — — 1 — i — — — 

results are summarized in Fig. 48, where the curve AB 20""^ 

represents the eflect of press, on the m.p. of ice I ; CD, 

the eflect of press, on the water-hexahydrate eutectic; p"} 

EF, the effect of press, on the m.p. of the hexahydrate ; ^ 

and EH is H. W. B. Roozehoom’s curve of the m.p. of 

what he regarded as a heptahydrate. The eutectic water- 

hexahydrate is at —1*80° at 236 kgrms. per sq. cm. press., 

—2*95° at 364 kgrms. per sq. cm., and — 2*00 at 270 - 2 q A I J iTd I L. 

kgrms. per sq. cm. ; and the dissociation press, p, at the ^ 

temp, e, is given by 0=41-6(log J3+0-4904). G. C. and Kgmspersg.cn,. 

I. H. Longinescu regarded the soln. as a binary mixture Fig. 48. — ^The Effect of 
of liquids in which (OjD-1-GiDi)/ 100 represents the Pressure on tlie Melting 
density, where C and Oi denote the percentage concen- Point of Hex^ydrated 
trations, and D and Li the respective densities 

C. E. and 0. Maass found for the total vap. press., p cm., of soln. of sulphur 
dioxide : 


800 1600 2400 3200 
K^rms per sq. cm. 


Pressure on tlie ^Melting 
Point of Hexahydrated 
Sulphur Dioxide. 


4-57 

8*19 

11-64 

18-91 

24*3 

45-2 

67*4 

124-5 

4-48 

8-03 

11*42 

18-57 

31*0 

57-2 

84-4 

151-9 

4*40 

7-88 

11-17 

14-04. 

37*8 

69-3 

102*2 

132-f) 

4*32 

7-71 

10-95 

17-85 

44-8 

81*0 

118-3 

206-9 


23-10 per cent. 
154-3 

22-71 per cent. 
188-4 

18-22 per cent. 
178-3 

21-86 per cent. 

255*6 
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'Che vapour press, of the two-pliasc system sulphur dioxide an<l -vrater is : 

10 0" 113" 1C 5" 27-0'' 

p . . 1G6-G 175*2 209*8 258-9 297*3 

The effect of salts in aq. soln. on the solubility of sulphur dioxide in water has 
been inyestigated by C. J. J. Fox. In the case of sodium chloride and sulphate, 
and of cadmium chloride, bromide and sulphate, the soluhility of the gas is iowere>d 
by the presence of the salt in soln., but in the case of the other salts, tlie solubility 
is increased owing, presumably, to the formation of complexes with the gas. 

The results are expressed in terms of the ratio of the vol. of gas absorbed at t he giv'on 
press, and temp, to the vol. of tlie absorbing liquid. The value for water at' 35° is 22-43, 
and at 25°, 32*76. The following data refer to 3JV-, 2^^-, and lA^-soln. respecfciv'oly . 
potassimn iodide, 45*43, 38*04, and 26*30 at 35°; and 68*36, 56-75, and 38-66 at 25° ; 
ammomim hrom/ide, 52*25, 46-OG, and 36*28 at 25°; jwtmsiinn bromide, 36-14, 31-93, and 
24*83 at 35°, and 52*26, 44*96, and 35* 94 at 25°. C. J. J.Eox found for 3 AT-, 2iV., and iA^soln. 
of sodium bromide, respectively 37*74, 36*26, and 33*76 at 25° ; atn}/}07iium chloride, 42-78, 
39*76, and 34-58 at 25° ; ysotossun/i chloncle, 30-02, 27*94, and 23-74 at 35°, and 42-27, 
39*32, and 34 42 at 25° ; sodium chloride, 31*36, 31*76, and 32‘4(> at 25° ; polasstutn thio^ 
cyancUe, 42*94, 35*05, and 25-63 at 35°, and 61*26, 51*86, and 37*57 at 25° ; atm}touiw}n 
thiocyanate, 6i*4C, 52*26, and 37*78 at 25°; sodium thiocyauate, 4 8*34, 43*.37, and 35*44 
at 25° ; am?no7i2myi witrate, 27*43, 25*57, and 23*35 at 35°, and 30-14, 37*27, anrl 33 96 at 
25*^ ; potassium nitrate, 27-33, 25-72, and 23*27 at 35°, and 38-52, 36-66, and 33-80 at 25° : 
umnionii4m sulphate, 24-60, 23 93, and 22*91 at 35°, and 35*96, 34*95, and 33*35 at 25° ; 
'])0t€issiu7n sulphate, - — , 33*20 at 25° ; oxid sodium sulphate, 19*27, 20*20, and 21*88 at 
95°, and 28-44, 29*5h and 31-96 at 25°. C. J. JT. Fox gave for 3A^-, 2iV., mid JA-soln. of 
cad7niu77i iodide, respectivebr 24-30, 23-7!, and 22*75 at 35'°, and 35-77, 34*74, and 33-27 at 
25° ; cadmium bromide, 19-17, 20*60, and 21*88 at 35°, and 27*46, 29-27, and 31-90 at 25° ; 
cadmium chloride, 18*68, 20*02, and 21*73 at 35°, and 20*06, 28-l(b and 31*66 at 26° ; 
cadinium sulphate, 16*25, 18-31, and 21*45 at 36°, and 23-76, 26*58, and 31*11 at 25°. 
J. C. Hudson also measured the solubility of the gas in aq. soln. of potassium chloride and 
sodium sulphate, and showed that the results are probably affected by the tendency of the 
salt to hydration, and to combination -with' the gas as observed by C. tl. T. Fox, and 
Jil. Pechard. There is a maximum in tlie solubility curve for sodium sidphato at 30°. 
Expressing the cone, of the soln. as p grms. of sodium sulphate x>er 100 gims. of vater, 
the solubilities S grms. SO 2 per 100 grms. of water, are, at 30° : 

P . . 0 2*04 3-39 5-47 7*83 10*00 20-01 

^ • • 7*608 7*709 7*776 7*773 7*716 7*586 7*000 

P, Riou andP. A, Berard observed that the rate of absorj;)tiou of sulphur dioxide 
by xoilk of lime and of lime-water of various concentrations increases from the 
moment of separation of solid matter at a rate proportional to the cone, of the latter 
and decreases gradually with rise of temp. ; they also studied the rate of absorp- 
tion of the gas by sat. soln. of magnesium hydroxide. H. P. Cady and R. Taft 
found that liquid sulphur dioxide is not nearly so good a solvent for salts as is liquid 
ammonia ox water. The following salts are appreciably soluble in liquid sulphur 
dioHde .- potassium chlorate, bromate, iodate, sulphide, dichromate (slightly), and 
ferricyanide ; ^ sodium thiosulphate (slightly), and cyanide (slightly) ; barium 
dioxide ; calcium chlorate ; silver nitrate ; and cerium nitrate. Tlie following 
salts, etc., are insoluble in that menstruum : pota^ssium perchlorate, permanganate, 
acetate, and chromate ; sodium ; ammonium molybdate ; calcium nitrate and 
pbospbdde ; chromic oxide ; and boric acid. 

0. Hartmann 24 found that steam reacts with sulphur dioxide, forming hydrogen 
^Ipmde. The stability of aq, soln. of sulphur dioxide in air is discussed above. 
The of aq. soln, of sulphur dioxide : 3 H 2 S 03 --= 2 H 2 SO 4 +S+H 2 O, 

observed by M. Beirfchelot, is a slow process unless the temp, be elevated, or the soln. 
be e^osed to suidight ; A. Geuther, and E, Divers, also observed that soln. of 
smphites, hjdrosulphites, and pyrosulphites undergo a similar action at 150®-200‘^, 
aithougii G. A. Barbaglia and P. Gucci observed none during 8 hrs. at UQ\ Thio- 
sulfate uppers as an intermediate product of the reaction. PI. Jungfleiscli and 
Jk -observed hyi>osii]p]iitc as an intermediate product of the 

reaction. G. M. B(mnett observed that if sulphurous acid be liberated from its 
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salts at 100°-120°, or lower, it undergoes instantaneous antorednction : 4H2SO5 
— H2S4-3H2SO4 — analogous to tlie reaction witlx a sulpKite 4Na2S03=lN’a2S 
4-3Na2S04 at 150° — this reaction is an intermediate stage in the formation of free 
sulphur. It does not occur unless the sulphurous acid be liberated from its salts ; 
and it may be due to the momentary existence of the asymmetric acid H.SOq.OH. 
According to F. Forster and co-workers, the equation given by previous workers : 
3H2S03“>2H2S04-1-S+H20, may be taken to represent the decomposition of anaq. 
soln. of sulphur dioxide, and G. A. Barbaglia and P. Gucci represented the reaction 
with sat. soln. of the hydrosulphites of sodium, ammonium, and magnesium which 
behave similarly at 150° : 3NaHS03-->]Sra2S04-hhraHS04+S+H20. The soln. of 
sodium hydrosulphite had suffered no change at the end of 8 hrs. at 140°. P. Klason, 
and T. Kiaer noticed that the presence of free sulphur, selenium, or selenium dioxide 
accelerated the decomposition of the aq. soln. F. Forster and co-workers said that 
the reaction {a) 3H2S03~>2S04"-f-4II‘-|-Sd-H20 is very slow, requiring many days 
for completion at 100°, and 2 days at 150°. It is accelerated catalytically by the 
sulphur which is formed, but retarded catalytically by the acid produced in the 
reaction. Tlie positive catalysis of the sulphur, evident at the begimiing of the 
reaction, is soon exceeded and masked by the negative catalysis of the acid. As a 
result, dil. soln. decompose more quickly than cone, soln., and the decomposition 
is practically complete, whereas, with cone, soln,, even after heating to 180°, the 
decomposition is incomplete, and is suppressed when 2iV’-HCl is the solvent. The 
first stage of the reaction, supposed to he (b) 2HS03'“>S04 '-f SO+H2O, is very 
slow, and there then follows : (c) 2S0+H20^S203"+2H‘. The sulphur catalyzes 
by generating thiosnlphuxic acid: {d) HSO3' +8^8203" +H‘ far more rapidly 
than the speed of the two reactions which immediately precede. The thiosnlphuxic 
acid gives rise to pentatMonic acid : (e) 58203"+ 6H‘->2S506"+3H20, which is 
degraded by the sulphurous acid to tetrathionic and trithionic acids; (f) 
+HS03'^B406"+S203"+H*, and {g) 8406"+HS03'->S306"+S203"+ff, and 
finally, the trithionic acid is hydrolyzed (^)S306"+H20->S04"+S203"+2H‘. All 
the reactions (e) to (k) are rapid in comparison with (6), and they regenerate S203"5 
so that thiosulphuric acid is the real positive catalyst if the acid cone, is sufficient 
to form the pentatMonic acid as in (e). Hence, tMosulphuric acid is always present^ 
and the cone, of the polythionic acids also present exceeds that of the tMosulphuric 
acid. The more of these intermediate products present the greater does the ratio 
8 : SO4 lag behind the ratio 1 : 2 required by a. The negative action of the acids 
consist in destroying the positive catalyst by forcing (d) to the left, and so repressing 
(e) to [h) and bringing the reaction to a standstill. J. Volhard supposed that the 
strong positive catalytic effect of hydriodic acid on the decomposition is due to 
strong catalytic effect of the hydriodic acid over that of hydrocMoric acid on the 
decomposition of the sulphurous acid ; but, according to F. Forster and co-workers, 
it is really due to the formation of complex ions. The decomposition of the metal 
hydrogen sulpMtes is different from that of the acid itself in that until the decom- 
position is far advanced the cone, of hydrogen-ions remain low, being that of a 
hydrogen sulphite-sulphurous acid soln. ; the change is therefore very strongly 
positively autocatalytic, and is greatly hastened by addition of sulphur or poiy- 
thionates. If sulphur dioxide is allowed to escape from the soln., as by boiling a 
strong sodium hydrogen sulphite soln. in an open vessel, polytMonic acids are not 
formed, the mechanism following {b) and (c) above being S203^+H20->S04'^+IJ!2S, 
S^03'’^+2H*“>S02+8+H20, and 2H2S+S02=3S+2H20. Selenium and selenious 
acid act as powerful positive catalysts, forming the selenosulphate-ion SeSOs" in 
the soln. Potassium selenosulphate and selenoditMonate have been prepared in 
the pure state, and indications of the existence of selenium analogues of the poly- 
thionic acids are obtained. The mechanism of the series of -changes (c) to (h) when 
selenium dioxide is substituted for sulphur dioxide has been examined. Tellurium 
when free from selenium has no catalytic activity with regard to the decompoaition 
of hydrogen sulphites. 
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Tlie aq. soln. of sulplixir dioxide Eas the character of an acid— it reddens blue 
litraiiSj it develops carbon dioxide with carbonates, and forms salts with bases. The 
dibasic acid is called sulphurous acid, H2SO3, and the salts arc called sulphites. 
The acid forms a colourless liquid which smells of sulphur dioxide, and has an acid 
taste ; it is the spiritns sulfuris acidns, or the spiritus sulfur is pet cauipanam of the 
alchemists. P, Degener thought that the cold aq. soln. contains tctrabasic ortho- 
sulphurous acid, S( 0 H) 4 , ox H 4 SO 4 , because it requires 15*6 per cent, more potassium 
hydroxide for neutralization than is needed for the formation of tlic ordinary 
sulphite, K2SO3. If this be so, then the ordinary acid is metasuJpliurous acid, 
H2SO3, and the salts metasulpMtes. K. Druckor said that the aq. soln. contains 
SO2, HgO, H2SO3, and the ions SO3'', HSO3', — vide supra, the electrical and 

optical properties of the aq. soln. 

G. Lunge, and E. T. Thomson studied the behaviour of suljihuroiis acid and the 
sulphites towards litmus, methyl orange, phenacetolin, plienolphthalein, and resolic 
acid. In titrating sulphurous acid with alkalies, the colour indicationH with lltvius 
are sharp and certain the moment saturation is complete ; laemoid is useless for 
sulphite titrations because of the indefiniteness of the end of the reaction ; methyl 
orange is not af ected by the sulphites ; the hydrosulphitcs arc neutral to congo-red, 
and this indicator is useless for sulphite titrations ; with phenacetolin, sulphites 
yield mixed colours, hut the change to red is abrupt at the moment saturation is 

complete ; normal sulphites arc neutral to phenol- 
phthaleinin hot and cold soln. ; eurcumin is useless 
for sulphite titrations because the end of the re- 
action is not sharply indicated ; with sulphite 
titrations, 50 per cent, of the base may be titrated 
with a strong acid using cochineal as indicator; 
normal sulphites arc slightly alkaline to turmeric, 
G. Wilson observed that liquid sulphur dioxide 
does not at first redden litmus, but after standing 
in contact with the acid for some time the paper 
is reddened, probably owing to the attraction of 
moisture from the air. I, M. KolthofT studied the 
electrometric titration of the acid, Fig. 49 . The 
gas decolorizes many vegetable colours provided 
moisture be present — roses, violets, paper dyed 
with logwood, etc. The bleaching effect of sul- 
phurous acid is in part due to its reducing properties. Moistened red rose-leaves, 
ox fabrics dyed with, say, ‘'magenta dye, when placed in the gas lose their colour. 
The sulphur dioxide appears to react with the colouring matter, forming sulphuric 
acid and hydrogen : S02+2H20™H2S04H-H2, and the hydrogen bleaches by 
reducing the colouring agent. This idea is supported by the fact that the colour of 
many articles hleachecl by sulphur dioxide can be restored by exposing the article 
to oxidizing conditions. The yellow colour which gradually returns to bleached 
sponges, flannels, etc., is an example. The colour of bleached toso-leaves gradually 
returns when the rose-leaves are exposed to the air, or when the bleached leaves 
are dipped in dil. sulphuric acid. This shows that the colouring agent is not really 
destroyed during the bleaching. A coloured flower quickly drawn through the 
flame of burning hydrogen sulphide is bleached wherever the flame touches the 
flower ; this is not the case with the flame of burning sulphur— presumably 
because of the absence of water vapour. Dry sulphur dioxide like dry chlorine 
does not bleach 

H. Moissan found that fluorine decomposes sulphur dioxide and the products 
burn with a yellow flame. H. V. Eegnault observed that sulphur dioxide and 
chlorine form sulphuryl chloride in sunlight ; and H. L. F. Melsens showed that 
union occi^s in darkness if the mixed gases be passed into glacial acetic acid, or if 
sulphur dioxide be passed over charcoal sat. with chlorine. The reaction was 



Fig. 49. — Electrometric Titra- 
tion Curve of Sulphurous Acid. 
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studied by ii. H. Gerke, and H. Trainin. H. 0. fcjciiukc found other media can b^ 
used — e.g, camphor. J. T, Jullioii oxidized moist sulphur dioxide to sulphuric acid 
by means of chlorine. B. Neumann and F. Wilozewsky ropr<.‘sented tlic reaction 
with chlorine : S02-l-^\+H20— SO3-I-2HCI — vide infra, sulphiiryl chloride. 

A. Coehn and H. Tramm found that if the gases he thoroughly dried, they do not 
react. An aq. soln. of sulphur dioxide reduces chlorine, forming hydrochloric and 
sulphuric acids : S02d-2H20d-Cl2=2HCl+H2vS04. Hence sulphurous acid is 

used as an anti-clilor, that is, as an agent to remove the last traces of chlorine from 
articles bleached with chlorine, G. Baume and G. P. Pamfil studied the f.p. of the 
system : hydrogen chloride and sulphur dioxide, and the results are summarized 
in Fig. 50. The curve has a eutectic at — 144*5^^ and 80 per cent. SO2. 
H. L. F. Melsens observed that bromine does not unite with sulphur dioxide 
so readily as chlorine. The halogens oxidize sulphurous acid to sulphuric acid, 
forming the halogen acid. E. Leger studied the action of bromine. C. Mayr and 
J. Peyfuss represented the reaction : S02+Br2-r2H20==H2S04H-2HBr. 

F. Sestini, and F. Friedrichs observed that liquid sulphur dioxide dissolves bromine, 
and iodine — vide infra, sulphuryl halides. J. Fiedler fomid that sulphurous 
acid is rapidly decomposed by iodine in sunlight. 

The reduction of iodine by siilphux dioxide in dil. 
acid soln., is reversed when the cone, of the acid 
is over 0*05 per cent., for then hydriodic acid is 
oxidized to iodine. According to R. Bunsen, the 
oxidation of sulphurous acid by iodine is complete : 
2S02+4H20+2l2=2H2S04+4HI, provided the 
soln. contains less than or 0*04 per cent, of acid. 

This was attributed to the hydriodic acid formed in 
the reaction reducing the sulphuric acid: H2SO4 
+2HI=l2+H2S03+H20 ; but, according to 
J. Volhard, hydriodic acid acts as a catalytic agent 
in the oxidation of sulphur dioxide ; involving the 
cyclic series of reactions : S02+4HI==2H20+2l2 
+S; 2S02+4:H20+4I=2H2S04+4HI ; that is, 
3S02+2H20+4HI=2H2S04+S+4HI. A little 
hydrogen sulphide is also formed. The reaction 
was studied by J. Bicskel. The iodine oxidizes 
sulphurous to sulphuric acid and is itself reduced* 
to hydriodic acid. The secondary reaction can be 
avoided by adding the moderately dil. sulphurous 
acid to the standard soln. of iodine ; the results are 
low if the iodine soln. he added to the sulphurous acid. A. Berg attributed the low 
results to the oxidation of sulphurous acid during the titration ; he found that for 
each concentration of sulphurous acid, there is a limiting proportion of hydriodic 
acid which has no influence on the oxidation, but that the hydriodic acid has a 
retarding or accelerating effect according as it is present in proportions greater or 
less than this limit. For a 4 per cent. soln. of sulphurous acid, the limiting value 
is 3 per cent. HI. The amounts of oxygen absorbed by (i) sulphurous acid of this 
cone. ; by (ii) this acid with 0-36 per cent. HI ; and by (iii) this acid with 36-5 per 
cent. HI are as 8:1: 89*5. Manganous chloride, ferrous chloride, or solutions of 
the metallic iodides behave similarly to hydriodic acid in accelerating the oxidation 
of sulphurous acid, whilst potassium chloride or bromide has no action, and hydro- 
chloric acid retards the oxidation, and even stops it altogether. Atm. oxidation, 
however, is said to be a disturbing factor during the titration of sodium sulphite 
soln. with iodine, but E. M. Macaulay found that the low results obtained in the 
titration of sulphurous acid by iodine are entirely due to the escape of a portion 
of the sulphur dioxide during the titration ; atm. oxidation is neghgibly small. 
Sulphur dioxide was shown by F. Raschig to be more easily oxidized in the presence 



Fig. 50. — ^Freezing-point Curves 
of Binary Mixtures containing 
Sulphur Dioxide. 
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of an alkali. Contrary to E. Rupij't; view, the oxidation of tjodiuin sulphite by 
iodine is so fast that there is no need to allow for a time interval in the reaetiou. 
Tile oxidation of sulphites by iodine resulting in the formation of an iodide and siil- 
j)li{ite was studied by A. Michaelis and G. Kothe, and W. Kalman n. The action of 
liydrosul]diites and iodine: 2NaHS03-|-2l2+2H20~2NaHS04“|--dIllwaB stiuliecl by 
R. Bunsen, M. J. Eordos and A. Gelis, L. P. de St. Gilles, and W. Spring and E. Bour- 
geois ; E. Sokotof! and P. L. Maltsciiewsky said that some dithionic aiud is formed : 
2NaHS03-l-Io“2NaI+HoS20G. R. Otto and J. Troger represented the reaction 
with a mixture of sulphides and sulphites by the equations NagSd I2 "2NaId i 
and Na2S03d-S==Na2S203. According to R. M. Macaulay, with soln. of sulphurous 
acid of greater cone, than 0-2A-H2SO3, (j*lZV-iodine gives a yellow coloration which 
is not due to the presence of ixee iodine, but to the formation of a complex SO2.HI, 
which does not interfere with the titration. E. Pechard prepared some complexes 
with the gas — vide infra, sulphur oxyhalides. As indicated above, the increased 
solubility of sulphur dioxide in water containing certain salts in soln. observed by 
C. J. J. Fox, is attributed to the formation of coiuplexes with the gas. The subject 
was stiuliod by F. Ephraim and co-workers, P. Walden and M. Ceninerszwer, and 
A. Adrianowsky — vide -infm, sulphur oxyhalides. S. Zinno obtaiiu'd what he 
regarded as lodosulplionic acid, (H0)ISO2 (q^v.), by the action of sulphurous acid on 
starch iodide, or by the action of a little iodine on well-cooled sulphurous acid*— 
infra; and sodium iodosiilphonate — ^but A. Michaelis and G. Kdtlie said that the 
alleged compound does not exist. Dry hydrogen chloride or hydrogen iodide was 
stated by J. B. A. Dumas to react with sulphur dioxide, forming water, sulphur, and 
chlorine or iodine ; in the presence of water, no reaction occurs. E. Briner and 
A. Wroezynsky observed the beginnings of a chemical reaction between sulphur 
dioxide and hydrogen chloride at a high press. According to A. E. Menkc, sulphur 
dioxide and hydrogen iodide react to form sulphur inonochloride {q. v.), S. R. Carter 
and N. J, L. Megson observed no complex formation between hydrogen chloride 
and sulphur dioxide. Soln. of sulphites are decomposed by hydrochloric acid with 
the evolution of sulphur dioxide ; according to J. Hargreaves, when sodium chloride 
is heated with steam, air, and sulphur dioxide, sodium sulphate and hydrogen 
chloride are formed — 2. 20, 25. H. 0. Schulze said that in the presence of ferric 
oxide, or better cupric oxide, the reaction is quantitative at 500*^. The reaction was 
also studied by J. Krutwig. With sulphur dioxide and steam, without oxygen, 

G. Keppeler and M. Hauisch found that sodium sulphite and hydrogen chloride are 
formed. The reaction comes to a standstill owing to its reversibility. ■ H. 0. Schulze 
found that a mixture of oxygen and sulphur dioxide converts heated potassium 
iodide into potassium sulphate and iodine. C, Meineke, and E. von Meyer found 
that cyanogen iodide reacts with sulphurous acid, forming sulphuric, hydriodic, and 
hydrocyanic acids. The oxy-halogen acids are reduced hy sulphurous acids. The 
so-called clock reaction in the reduction of iodic acid and the reduction of iodates 
by sulphurous acid was discussed by H. H. Landolt, S. Bushman, F. Seimons, 
J. Eggert, E. Hoepke, L. Berceller, J. Persoz, E. Rupp and co-woikers, 0. Ruff and 
W. Jeroch, R. H. Ashley, T. Schumacher and E. Eeder, A, Thiel and E. Meyer, 
W . S. Hendrixson, N. R. Bhar, A. Skrahal and R. Rieder, A. Skrabal and A. Zahorka, 
A. Skrabal, J . Eggert and L. Pfef ermann, J. Eggert, A, Thiel, G. S. Jamieson, 
W. R. Levinson, T- S. Patterson and W. 0. Forsyth, etc,--vide 2. 19, 12. 

H. H. Landolt represented the cone, of the sulphurous acid, hy and the cone, of 

the iodic acid hy Oj, and hence found that the time of the reaction in seconds is 
524*350 ^ 642^2_ Hoepke deduced relative values 

for the affinities of various acids from their efects on the time in H. H. Landolt’s 
reaction. According to W. S. Hendrixson, the oxidation of an acidic soln. of a 
sulphite with iodate involves a slow reaction : I03'-|-3S03"=F+-3S0/' ; followed 
by a reaction : I€3'-fbH'-|-5r=3l2+JH20, which is slow at first, but becomes 
faster as iodine accumulates in the soln. ; and an instantaneous reaction : 
Sl24'BS03^^*f-BIl20=6H -j-bl'-j-BSO/k T. W. Richards and A, L. Loomis found 
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that the reaction is not accelerated by high frequency sound waves. W. E. Levin- 
son discussed the catalytic action of sodium thiosulphate. W. R. E. Hodgkinson 
and J. Young found dry sulphur dioxide reacts with chlorates, forming sulphates 
with the evolution of chlorine peroxide which at temp, above 60 ^ decomposes with 
a flash, and the formation of sulphur trioxide. Moist sulphur trioxide acts more 
vigorously than the dried gas, hut, in most cases, without the visible liberation of 
chlorine peroxide. Dropping some alcoholic or ethereal soln. of sulphur dioxide on 
to powdered potassium chlorate causes the evolution of white fumes and a sharp 
explosion. W. Feit and C. Kubierschky found that bromic acid completely oxidizes 
sulphurous acid to sulphuric acid. The action of bromates was studied by 
W. S. Hendrixson/and he attributed the incompleteness of the reaction in acidic 
soin. to the formation of some dithionate. 

Liquid sulphur dioxide was found by F. Sestini^^s and.F. Friedrichs to dissolve 
a little sulphur. Sulphur dioxide and sulphurous acid do not react with sulphur, 
although H. Debus said that with sulphurous acid an insignificant amount of penta- 
thionic acid is formed ; but A. Colefax found that in darkness at ordinary temp., 
and more rapidly at a higher temp., there is formed not pentathionic acid, hut 
rather dithionic, trithionic, or tetrathionic acid. E. Bellamy found that when the 
sulphites arc boiled with sulphurous acid, tliiosulphate and trithioiiate are formed. 
The action of hydrogen sulphide on sulphur dioxide has been discussed in con- 
nection with the former. J, Stingl and T. Morawsky found that hydrogen sulphide 
decomposes sulphurous acid, forming pentathionic acid and sulphur, while W. Spring, 
and H. Hertlein noted the formation of sulphur, tetrathionic and dithionic acids — 
vide infra, pol3rthionic acids. For the action on sulphuric acid, vide infra, sulphuric 
acid. H- Ritter observed that with alkali sulphides, sulphates are produced; 
and J. Volhard, that sulphur, sulphate, and hyposulphite are formed ; and 
A. Gruerout, that with the metal sulphides^ sulphurous acid does not alter cupric, 
silver, aurous, mercuric, and platinum sulphides ; zinc, manganese, and iron 
sulphides are readily dissolved ; while cadmium, tin, arsenic, antimony, bismuth, 
cobalt, and nickel sulphides are sparingly soluble. If the sulphite which is first 
formed is soluble in water, or sulphurous acid, a thiosulphate, sulphur, and hydrogen 
sulphide are produced : MS+S02+H20=MS034-H2S ; 2H2S+S02=2H20+-3S ; 
and 3S+MS03=MS203-f 2 S. If the sulphide is sparingly soluble, or the resulting 
sulphite is insoluble — e.g. with lead sulphide — only a little thiosulphate is produced, 
but much sulphite and sulphur are formed. If sulphurous acid be added drop by 
drop to water with manganese sulphide in suspension, so that the acid is never in 
excess, the reaction is MnS-t-S02+H20=MnS03+Il2S. W. E. Henderson and 
H. B. Weiser discussed the action of sulphurous acid on the sulphides or iron, 
manganese, and zinc — vide infra, zinc thiosulphate — while J. Milbauer and J, Tueek 
found that at temp, between 300 ® and 800 ®, Ag2S, PbS, HgS, CuS, CdS, Bi2S3, 
AS2S3, Sb2S3, SnB, NiS, CoS, FeS, MnS, ZnS, cryst. AI2S3, BaS, CaS, MgS, 
Ha2S, all prepared artificially, and pyrites, galena, zincblende, and antimonite, 
sodium sulphide and the alkaline earth sulphides all gave sulphates and sulphur with- 
out side-products. Al, Cr, Zn, Mn, Fe, Co, Ni, Cd, and Sn sulphides also gave sul- 
phates, but at temp, where the sulphates decomposed with the formation of oxides, 
Sb, Bi, Cu, and Pb sulphides gave s^phates and the metal. Silver sulphide gave only 
the metal. Mercuric sulphide sublimed undecomposed at 300 ®- 400 ®- C. W. Hof- 
mann observed that sulphur dioxide acts on red-hot calcium sulphide, forming the 
sulphate and sulphur. L. Wohler and co-workers found that sulphur dioxide at 
temp, below 1000 ° acts on calcium sulphide, forming the sulphate and sulphur, 
but the reaction is soon brought to a standstill owing to the formation of a pro- 
tective film of sulphate on the pieces of sulphide. By working at temp, above 
1000®, this can be avoided, as the reaction products are lime and sulphur. The low 
temp, reaction can, however, he accelerated by the addition of triferric tetroxide, 
which acts as a catalyst. Zincblende reacts with sulphur dioxide to give the oxide 
and sulphur, but here again the reaction velocity rapidly diminishes owing to the 
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foriiLaiioii of a protectRe layer of basic sulplLide. Hotli the sulphides of iron react 
with, sulphur dioxide to give triferric tetroxide and sulphur. The reaction is rapid 
and complete, and is catalytically accelerated by the oxide. E. Divers and 

T. Shimidzu found that with hydrosulphides, 
thiosulphates are produced. A, 0. Schultz- 
Sellack observed that liquid sulphur dioxide is 
miscible with liquid sulphur trioxide, but not 
with sulphuric acid ; E. Eriedrichs found tliat 
95 per cent, sulphuric acid has a limited mis- 
cibility at room temp. G. Lunge observed that 
with gaseous sulphur dioxide, the absorption 
coeff. for sulphuric acid of sp. gr. 1*84 is 28*86 
at 16°, and 28-11: at 17°. J. Kolb found that 
cone, sulphuric acid of sp. gr. 1-841 absorbs 
0-009 times its weight, or 5*8 times its vol. of 
sulphur dioxide, and tlic sp. gr. is thereby 
reduced to 1-837 ; the gas is more soluble in dil. 
sulphuric acid, and this the more dil. the acicL 
Thus : 

Sp. gr. HgSO* . . l-SU 1*839 1*540 1*407 1-227 1-020 

SO 2 , grams per gram . 0*000 0-014 0*021 0*032 0-068 0-135 

SO 2 , litres per litre . 5*8 8*9 11-2 15-9 29*7 *19*0 

For sulpbuiic acid of greater cone, than 56-1 per cent. H2SO4, at 20° and 7 60 ram., the 
number of grams, S, of sulphur dioxide dissolved by lOO grins, of acid was found by 
F. D- Miles and J. Eenton to be : 

H.SO 4 . 55-1 74*1 84*2 88*1 94-0 06*5 98*5 per coni. 

S\ . 5-13 a-63 2-88 2*90 3-31 3*83 4-03 

The solubility reaches a minimum with 86-0 per cent. H^SO^ — the hydrate 
H28O4.H2O contains 84-5 per cent. II2SO4 — as iUustrated by Eig. 51. V. Cupr 
also found a rninimum at cone, corresponding with H2SO4.H2O. He added that the 
mimmuni flattens at 60° to 65°. The changes in the absorption arc connected with 
the formation and dissociation of a hydrate since no minimum occurs with the 
isotherms for acetic acid, which forms no hydrate in aq. soln. J. T. Dunn found 
for the coeff. of absorption (760 mm.) of sulphuric acid of sp. gr. 1*84 : 

0® 10 “ 20“ 30® 60 “ 60“ 80 ® 90 ® 

Sp. gr. sat. soln. — 1-8232 1-8225 1-8216 1-8186 1-8165 1-8112 1*8080 

Coeff. absorption 53-0 35-0 25-0 18-0 9-5 7-0 4-5 ^-0 

F- Sestini found that liquid sulphur dioxide dissolves no sulphuric acid. Soln. 
of sulphites arc decomposed by sulphuric acid with the evolution of sulphur dioxide. 
H. Prinz observed that liquid sulphur dioxide is miscible with sulplnir mosiochlorido, 
hut no chemical action occurs at 100°. H. O. Schulze found that solphuryl chloride 
dissolves 0*323 times its wt., or 187 times its vol. of sulphur dioxide. T. P. van der 
Goot studied the f.p. curve of mixtures of sulphur dioxide and sulphuryl chloride— 
vide Pig. 50. Sulphur dioxide produces red selenium by its reducing action on 
selenious acid, and black tellurium from tellurous add. The reaction with selenious 
acid is discussed in connection with the selenothionie acids. 

J. W. Dobereiner observed that amidosulphonic acid (q^v,) is produced when 
dry sulphur dioxide reacts with dry ammonia; according to E. Divers and M. Ogawa, 
the dry gases do not unite at ordinary temp., but with moist ammonia gas there is 
a vigorous reaction ; and with a cold, dry, alcohol-free ethereal soln. of ammonia, 
sulphur dioxide forms ammonium amidosidphonate {q.v.). According to E. Ephraim 
and H.Piotrowsky, three different productsareohtained in the action between sulphur 
dioxide and ammonia, (i) with an excess of sulphur dioxide — amidosulphonic acid ; 



Fro. 51. — Solubility of Sul- 
phur Dioxide in Sulphuric Acid. 
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and (ii) with an excess of sulphur dioxide^ either ammonium aniidosulphonate, or 
imidodisulphinate, NH4.ISr ; (S02.NH4)2. The reaction was also examined by 
M. Ogawa and S. Aoyania. Sulphurous acid and acj^. ammonia produce ammonium 
sulphites (q.v.). F. Raschig observed that with an acidic soln. of liydroxylamine» 
amidosulphonic acid is formed : ]!SrH20H.HCl+H2S03=NH2.HS03+H20+HCL 
C. A. L. de Bruyn, A. P. Sabaneefi, and A. W. Speransky found that sulphur 
dioxide reacts with an aq. soln. hydrazine producing hydrazine sulphites {q.v,). 
F. Ephraim and H. Piotrowsky found that when sulphur dioxide is slowly passed 
into a soln. of hydrazine in absolute alcohol, white crystals of the hydrazine salt of 
hydrazine disulphinic acid are formed, viz., N2H2(S02.br2H5)2. J. Pelouze noticed 
that 2 vols, of nitric oxide and one vol. of sulphur dioxide^ confined over water 
for a few horns, form sulphuric acid and one vol. of nitrous oxide ; and, added 
P. Weber, the reaction is not complete in 14 days at 22-5°. G. Lunge found 
that dry nitric oxide does not act on dry sulphur dioxide, but the action is 
very marked in the presence of moisture, and nitrous oxide, but no nitrogen 
is formed. The gases do not react in contact with sulphuric acid of sp. gr. 1*45, 
but there is a contraction owing to the solvent action of the acid ; but traces of 
nitrous oxide are formed with an acid of sp. gr. 1*32. If nitric oxide, sulphur dioxide, 
and oxygen act on one another in the presence of water, a trace of nitrous oxide is 
formed. T. L. Bailey said that sulphurous acid slowly reduces nitric oxide to 
nitrous oxide in the presence of sulphuric acid of less cone, than 1*07. F. Raschig 
observed the formation of nitrosnlphuric acids when nitric oxide is absorbed by 
soln. of sulphites. He also found that in the presence of water nitrogen peroxide 
does not act on sulphur dioxide, but the peroxide reacts with the water, forming 
nitric and nitrous acids, and the latter reacts with the sulphurous acid as indicated 
below. L. H. Friedburg obtained nitroxylsulphuric acid by the action of dry 
sulphur dioxide on a soln. of nitrogen peroxide in carbon disulphide. R. Weber 
reported nitrosylsulphuric acid (q.v,) to be formed by the action of nitrogen peroxide 
on sulphurous acid in the cold ; and nitroxylsulphuric anhydride {q.v^ by passing 
a mixture of sulphur trioxide and nitrogen peroxide through a red-hot tube. 
The reaction was studied by E. Briner and co-workers, G. H. Limge, W. Manchot 
and H. Schmid, and C. W. H. Jones and co-workers — vide 8. 49, 63. 

R. Weber found that nitrous acid oxidizes sulphurous acid at ordinary temp,, 
forming sulphuric acid. If a large proportion of water is present, some nitrous 
oxide is formed ; with a small proportion of water, nitric oxide is produced ; this 
is also the case when sulphur dioxide is passed into a soln. of nitrous acid in sulphuric 
acid of sp. gr. 1*4 — ^if cone, sulphuric acid is used, the sulphur dioxide is not changed. 
The reactions were studied by F. de la Provostaye — vide sulphuric acid. E. Fremy 
found that in the cold, a nitrosnlphuric acid — vide 8. 49, 62 — ^is produced when 
sulphurous acid acts on nitrous acid, and when heated, nitric oxide, nitrons oxide, 
and ammonia are formed. F. Kuhlmann added that some nitrogen is produced at 
the same time — ^A. Claus doubted if the nitrosnlphuric acid of E. Fremy is formed 
under these conditions ; and F. Raschig questioned if sulphurous acid is oxidized 
directly hy nitrous acid ; he assumed that the oxidation occurs through a series 
of intermediate stages : H0.N0-^'N[0(HS03)->H0.N(HS03)2“>H0.NH(HS03) 
-^IIlSr(HS03)2~->H2H(HS03). T. L. Bailey found that sulphurous acid in excess 
acts on nitrous acid with the evolution of nitrous oxide, and the production of 
hydroxyamidosulphonic acid, {H0)NH(HS03) ; and with an excess of nitrous acid, 
nitrous oxide is produced, and if sulphuric acid be present, the nitrous oxide is 
progressively replaced by nitric oxide, and no nitrous oxide is formed with an 
acid of sp. gr. 1*225 or more. According to R. F. Carpenter and E. Linder, when 
sulphurous and nitrous acids interact in aq. soln. at 15® and within certain 
limits of cone., in the presence of excess of sulphurous acid, reactions proceed 
according to the three following equations : {a) 2N0.0H-t-2H2S03=N20+2H2S04 
+ H2O; (b) N02H+2H2S03 = 0H.N(S03H)2+H20; (c) 0H.N(S03H)2 + H20 
=0H.b[H.S03H+H2S04. When aq. soln. of sulphurous and nitrous acids are 
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mixed, the acid recovered Ib^ titration is in evorj case less Lliaii tlio aum of the 
acidities of the acids taken, wliether the titration be perforuiod at once or several 
da js after mixing. Nitric oxide gas is not evolved at any pc'xiod of the reaction. 

E. Freinja 0. E. (Jlaus, E. Eerglund, and F. Itaschig studied tlie forniaiion of salts 
of the nitrosiilphiiric acids {q.v.) when sulpliit(‘s act on nitrites, E. Divers and 
T. Haga said that normal sulphites and nitrites do not usually rea.ct, hut F. Raschig 
fv)aiul that there is a feeble naiction : NaNO^-l <lNa^S()3“l“2H20~dNa0H 
-+N{NaS03)3, and the alkali produced hinders th(^ furtluM* progr(\ss of the reaction. 
E. Raschig showed th^it with the hydrosuljdiitos, a series of iuternuaiiatc reactions 
occurs which results in the formation of nitdlotrisulplioiiate : N(()H)3 

— >(H0)2N(NaSO3)“^(H0)N(N‘aS0;j)2-->N(N{uSO3);{ ; so thud initial and iinai 
products are : NaNOg+SNairSOs^-NCNaSOsl^d-WaCllJHdl.^ 

F. Raschig found that aq. soln. of nitric acidaiul siilphurous do not react at 
ordinary temp , though II. ]-5. Yard ley, and A. Smith found tha,t with lioiling soln., 
nitric acid may be reduced to nitrogen, Ao(*,ording to R. Weber, nitric acid is not so 
readily reduced as nitrous acid by suljdniroiis acid, if one vol. of Tiitric acid of 
vSj). gr. 1*4 he boiled with 5 vols. of sulphurous acid^ nitric and nit.rous acids are 
formed ; with a smaller ])ro|)ortion of water, tho (wolut^'on of nil.ric oxifle com- 
mences suddenly before, boiling (xteurs. If su]}>bur dioxide be pa.Hse<l into a mixture 
of cone, suljihiiric acid with 10 jier cent, of nitric acid, u,nd the sat. solii, be allowed 
to stand for 24hrs., crystals of nitroxysulphiiric acid a-re deposited ; if more suljihur 
dioxide he passed into the soln., the licpiid becomes dark violet. If sulphur dioxide 
be passed into a mixture of nitric acid with dd. sulphuric a(ud of s[). gr. at least 1*34, 
nitric oxide is formed ; if sulphuric acid of sp. gr. I *398 mixed with oiie-lifth to one- 
sixth its vol. of nitric acid of s]). gr. 1*25, bo treated with, suljduirouH mud, tlic lic|uid 
becomes deejj-green, and the nitric aind is deconifioscd with ilu^ evolution of nitric 
oxide. If sulphuric acid of sj). gr. l*‘14~-l'4% he used, the mixture becomes blue; 
if the sulphuric acid has a sp. gr. 1*53, tlnunixtiire be<‘<.)mes grass-gremi or yellowish- 
green; if of sp. gr. 1*63, yellow; and if of greater sp. gr., colourless. Dil. nitric 
acid not afected by sulphurous acid is decompjosed if it be dissolved in sulphuric 
acid. If liquid sulphur dioxide bo dropped into hydrated nitric acid, red fumes 
are given ofi aad nitroxylsulphurio acid is formed ; the excess of sulphurous acid 
passes off, and a violet mass of coloured sulphuric acid remains. Nitric acid decom- 
poses sulphites with the evolution of sulphur dioxide. W. R. IS. llodgkinson and 
J. Young observed that the exposure of nitrates iK> dry sulphur dioxide results in 
their complete conversion into sulphati^s with the evolution of nitrous fames. The 
reaction is accompanied by a rise of temp, which owasions an explosion if the 
treatment is applied to gunpowder. 

According to A. Vogel, if a piece of phosphorus be kipt for some weeks under 
sulphurous acid, it acquires a pale-yellow crust. F. Friialriohs observed that 
yellow phosphorus is scarcely soluble in liquid sulphur liioxidc ; and that red phos- 
phorus is very slightly soluble. “When sulphurouH acid and phosphorus are boated 
in a sealed tube to 200®, A. Oppenbeim found that hydrogen sulphide is produced : 
H2S03-RSH204-SP===2H3P03”f*H2S, F. Sestiai observed that liquid suliihur dioxide 
dissolves a little phosphorus. Sulphurous acid and sulphur dioxide gas decompose 
phosphimej and A. Cavazzi said that at 60®-70®, the reaction progresses : 
PH34-2H2SOg~Il3P04-f2H20+2S ; and if finely divided mercury be present, 
PH3-+Il2S^^3+Hg===H3]PO2+Hsi0-4-*HgS. According to lb Kreraers, and H. Schiff, 
phosphorus pantachloride reacts with the gasr^ SOrfPCl5*-d^()Cl3+SOGl2 ; 
A. Michaelis observed that when the gas mixed with phosphorus trichloride passed 
through a red;bot tube, there is a reaction: 3R0l3H-SO2-™FSCl3-R2ROCl3, and 
some sulphur is simultaneously formed ; while L. Oarius found that anhydrous 
sulphites react with, phosphoryl chloride, producing thionyl chloride. B. Divers 
represented the reaction : POCla-f 3Na2S03=3NaCl.b»Na3?O4- 3802- 0. B. Schon- 
bein observed that phosidroroxu add forms with sulphurous acid a liquid which 
quickly decolorizes a soln. of indigo. B. “Wohler showed that when sulphurous 
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acid is warmed with pliospliorous acid, hydrogen sulphide and phosphoric acid arc 
formed : 3H3P03+H2S03==3H3P04+H2S ; and the hydrogen sulpMde reacts with 
the remaining sulphurous acid, forming water, sulphur, and dithionic acid. The 
reaction is usually represented 2H3P03+S02=2H3P04-(-S ; and it was studied by 
A. L. Pomidorf, L. Maquenne, and A. Cavazzi. A. L. Ponndorf also showed that 
sulphur dioxide is deoxidized by hsrpophosplioroiis acid ; and A. Michaelis and 
J. Ananoff, by phosphenyloiis acid. Soln. of the sulphites are decomposed by phos- 
phoric acid with the evolution of sulphur dioxide ; similarly also with arsenic acid. 
For the reduction of arsenates and arsenic acid, vide these compounds. J. Ulil 
said that when arsenic or antimony is heated in sulphur dioxide gas, the sulphide 
and oxide are formed ; H. Schifi reported the sulphide alone. E. Donath found 
that while stannous chloride is oxidized to stannic chloride in a strongly acidified 
soln., arsenic trichloride and antimony trichloride are not affected, and he applied 
the facts to the separation of tin from antimony and arsenic. J. A. Smythe and 
W. Wardlaw also failed to detect any evidence of reaction with arsenic and antimony 
trichlorides and sulphur dioxide under these conditions. When a slow current of 
sulphur dioxide is passed through a hot strongly acid soln. of tin, arsenic, or 
antimony chloride, arsenions and antimonious sulphides are precipitated, and the 
till is not precipitated — this reaction was employed by N. Fedorofi for separating 
arsenic, antimony, bismuth, copj^er, and platinum sulphides from tin. 

According io N. T. de Sanssure,28 1*57 grms. or one c.c. of wood-charcoal absorbs, 
as a maximum, 65 c.c. of sulphur dioxide ; R. M. Winter and H. B* Baker found that 
wood-charcoal which had been heated for 4 hrs. at 900° absorbed 97 c.c. of sulphur 
dioxide per gram ; if heated 40 hrs., 195 c.c. were absorbed ; if heated 42| hrs., 
24:1 c.c. were absorbed ; and if heated 45J hrs., 288 c.c. were absorbed. At the 
same tim^the sp. gr. of the charcoal rose from 1*76 to 1*84. A, M. Williams measured 
the isotherm at —10° for the effect of press, on the absorption of sulphur dioxide by 
blood charcoal. The heat of absorption at constant vol. varies with the degree of 
absorption, and it is said to show maximum and minimum values. M. Polanyi 
and K. W^elke, D. 0. Shiels, 0. Rufi and Gr. Rbsner, A. S. Coolidge, and F. A. Hen- 
glein and M, Grzenkowsky studied the adsorption of sulphur dioxide by charcoal. 
P. A. Favre said that 165 c.c. of the gas are absorbed ; and P. Chappuis, P. A. Favre, 
and S. J. Gregg investigated the heat of absorption — vide supra ; H. Kayser found 
that the quantity of gas condensed by one c.c. of boxwood charcoal at p mm. press., 
and 19°, is 42-614-ll*133 log p. A. G. R. Whdtehouse gave 0*359-0'62T cal. for the 
heat of absorption per c.c. by charcoal. For wetting a gram of carbon, 0*204 c.c. of 
liquid sulphur dioxide is necessary. A. Reychler found that the absorption of the 
gas by uncalcined charcoal is complicated by the liberation of carbon dioxide and 
sometimes water vapour. When sulphur dioxide is passed over red-hot carbon, 
carbon .dioxide and sulphur are produced. A. Eiloart also examined the reaction 
qualitatively ; M. Berthelot said that carbon monoxide, carbonyl sulphide, carbon 
disulphide, and free sulphur are produced; and A. Scheurer-Kestner represented 
the reaction at a white-heat : 2S02+3C==2C04-C02+2S ; and B. Lepsius ; 
SO2+2C—S+2CO. T. J, Drakeley found that sulphur dioxide passed over heated 
coal forms hydrogen sulphide. B. Rassow and K. Hoffmann observed the formation 
of carbon disulphide — vide 6 . 39, 40. M. Berthelot passed a mixture of sulphur 
and carbon monoxide through a red-hot tube and observed the formation of carbon 
dioxide and sulphur. E. Hanisch and M. Schroder represented the reaction 
S02+2CO=2C02+S ; W. Smith and W, B. Hart found that the presence of 
moisture favoured the reaction, P. Winternitz, and J. B. Ferguson studied the 
equilibrium conditions of the reaction : CO + ISO2— CO2 +^82. The latter observed 
that between 1000° and 1200°, nsing broken porcelain or platinized porcelain as a 
contact catalyst, the values of K in [C02l[S2 ]L— could be represented 
by log Ji— r)r>59J'~“i--0*6915 log ir-l-0*OOb30T— 0-0734T^— 0*872, where T denotes 
absolute temp. Tbc calculated values of log A arc 1*75 at 1000° ; 1*43 at 1100° ; 
M5 at 1200° ; 0*90 at 1300° ; 0*69 at 1400° ; and 0-50 at 1500°. The calculated 
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proportion of carbonyl sulphide formed by the reaction CO+^So^COS did not 
exceed 1*5 per cent., and was usuallj^ too small to determine. The thermal 

value of tlie reaction C0-}-JS02-C02+-iS2 is -25915+1 *375^ log 

+0*Oel55T3+3*99r, or, at 25"^, —22,510 cals. M. Berthelot found that at a red- 
heat sulphur dioxide reacts with carbon dioxide, forming carbon monoxide, and 
carbonyl sulphide ; -when the mixture of gases is sparked, carbon monoxide and 
sulphur trioxide are formed as a consequence of the reaction COo—CO+O. The 
sulphites are not decomposed by carbonic acid. F. Sestini found that liquid 
sulphur dioxide dissolves carbon dbsulphide, and the liquid is soluble in 3 vols. of 
carbon disulphide on warming, but separates out again on cooling. J. E. Lewis 
studied the viscosity of soln. of sulphur dioxide in carbon disulphide. D. Vorlander 
found that the action of cyanogen on sulphurous acid is similar to that of 
the halogens, but occurs more slowly ; 02^2-1 -H2SO3+H2O—2HCN+H2SO4, 

with equivalent quantities in 0*1 to 0*2 per cent, soln., the amounts of cyanogen 
reduced and of sulphurous acid oxidized are initially equivalent. With a large 
excess of cyanogen, 94 per cent, of the sulphurous acid is oxidized after four to five 
days, but wlien the acids are in excess, only 23 per cent, of the cyanogen is reduced 
in seven to eight days. 

Sulphur dioxide is more soluble in ethyl alcohol than it is in water. According 
to N. T, de Saussure, 100 vols. of alcohol of sp. gr. O-Sl absorb at 760 mm. press., 
11*577 vols. of sulphur dioxide at L. Carius found that one vol. of a sat. soln. 
of the gas in alcohol dissolves the following vols. of sulphur dioxide gas : 

O'* 6“ 10'* 15“ 20“ 25“ 

Tols. SO2 . 216*40 175*36 142*22 115*78 06*44 84*20 

or one vol. of alcohol at 760 mm. and at 9° dissolves 328*62— 19*650+0*311902 
vols. of sulphur dioxide, for the sp. gr. of the soln., and E. Isamboxt’s measure- 
ments of its compressibility, vide su^ra. When a dil. alcoholic soln. of sulphur 
dioxide in alcohol is heated in a sealed tube, H. Endcmann represented the 
reaction: 4S02+4C2H50H=C2H5SH+S(C2H50.S02.0H) ; with cone, soln., the 
reaction progresses in stages: C2H5OH+SOP—C2H5.8O2OH; O2H5.SO2OH+3SO2 
^CgHsSH+SSOs ; 3S03+3C2H5OH=3(HO.SO2.OC2H5) ; and 3(C2H50.HS03) 
+3C2H50H=3H2S04+3(C2H5)20. S. Pagliani observed that some monoclinic 
sulphur separates as the mixture cools ; and M. Berthelot, that if the alcoholic soln. 
is kept for some time, crystals of sulphur and CH3CO.H are formed. W. F. Scyer 
and E. W. Ball studied the f.p. of binary mixtures of liquid sulphur dioxide and 
cetyl alcohol C. A. L. de Brayn gave for ethyl alcohol and methyl alcohol at 
760 mm. expressed in grams of sulphur dioxide per 100 grms. of soln. : 

0“ 7“ 12-3“ 18*2“ 

• . .53*5 45*0 39*9 32-8 24*4 

CH3OH . . 71*1 69*0 52*5 44*0 31*7 

B. S. Neuhausen studied the solubility of sulphur dioxide in methyl and ethyl 
alcohols. G. Bauine and Gr. P. Pamfil studied the f.p. of the system methyl alcohol 
and sulphur dioxide, Pig. 50, and found that the curve has three eutectics at 
—88°, —01*5°, and — 106° respectively ; and two maxima, one at — 71° corre- 
sponding with CH30H,S02, and one at —81° corresponding with 2CH30II,S02. 
A. M. Wasilieff made some observations on this subject. F. Sestini found that liquid 
sulphur dioxide dissolves ether, forming a yellow soln. J. E, Lewis studied the 
viscosity of soln. of sulphur dioxide in ether. G. Baume studied the f.p. of 
the system: methyl ether and sulphur dioxide, Fig. 50; there is a maximum 
at —91*5° corresponding with (CH3)20.S02 between the eutectics at —109° and 
—144°. A. M. Wasilieff made some observations on this subject. F. Sestini found 
that liquid sulphur dioxide dissolves chloroiorm. J. Linder gave the solubility, 
3 % of the gas in grams of sulphur dioxide per lOO 0.0. of sat. chloroform vsoln. at 
different press., '2? mm. : 
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0 ® 25 ^ 

V . 2-7 5*6 22-0 90*2 219-6 5*7 12-0 48-8 200-2 488*8 

.S'. 0-0701 0-01790 0-6982 3-097 8-217 0-0669 0-1712 0-6728 2-954 7-839 

J. McCrae and W, E. Wilson found tliat the partition coeff. of sulphur dioxide 
between water and chloroform, at 20°, varies with the cone, from 1*56 at a cone, 
of 0*055 gram-eq. per litre in the aq. phase to about 0*9 when the cone, is 1*038 
gram-eq. The partition-coeff. is, however, not directly proportional to the cone. 
The addition of hydrochloric acid diminishes thepartition-coeff.,and this is in agree- 
ment with tlio view that the inconstancy of the distribution ratio is due to the 
varying flegree of the ionization of the sulphurous acid. P. A. Bond and H. T. Beach 
studied the binary system : carbon tetrachloride and liquid sulphur dioxide. The 
results are summarized in Fig. 52. The critical soln. temp, is at — 29*3°, and both 
liquids are stable phases down to — 45°. J. Horiuchi gave 12*49 for the 
solubility of sulplmr dioxide in carbon tetrachloride at 40°. R. de Forcrand and 
8- Thomas obtained a mixed hydrate of carbon tetrachloride and sulphur dioxide. 
J. E. Lewis studied the viscosity of soln. of sulphur dioxide in carbon tetrachloride. 
H. Bunte described the compound of siilj^hurous acid with acetaldehyde — viz. 
CH 3 .CH( 0 H). 0 .HS 03 . W. Kerp studied the conqmunds with acetaldehyde, 
formaldehyde, benzaldehyde, and acetone. J. E. Lewis studied the viscosity of 



Fig. 52. — ^Tiie Binary Fig. 53. — ^The Binary Fig. 54. — ^The Binary 

System : SO 2 - 0 C 14 . System : S02-SnCl4. System : SOa-SnBr 4 . 


soln. of sulphur dioxide in acetone. C. Bertagnini, and F. Heusler studied the 
action on cinnamaldehyde ; F. Tiemann, on cinnamaldehyde, citronellal, and 
citral ; and E. Knoevenagel, and E. Hagglund and A. Ringbom, on various rni- 
saturated organic compounds — cinnamaldehyde, diihethylcyclohexane, carvone, 
ethyl ethylideneacetoacetate, phorone, allylacetone, benzylideneacetophenone, 
piperonylideneactone, etc. H. 0. Schluze found that at 0°, and 725 mm., acetone 
dissolves 2-07 times its wt. or 589 times its vol. of sulphur dioxide, and there is 
formed a complex : 


CH3 


o 

6 ^ 


G. Schmitt said that a soln. of sulphur dioxide in acetone has great solvent power 
for unsaturated organic compounds and resinous substances. H. O. Schulze showed 
that formic acid dissolves 0*821 times its weight, or 351 vols. of the gas. S. J. Lloyd 
found that at —5°, 0°, .10°, and 30°, acetic anhydride dissolves respectively 196, 
148, 122, and 90 grms, of SOg per litre. J. Papish observed that sulphur dioxide is 
reduced by methane at elevated temp . — vide mpra, sulphur. F. Sestini observed 
Ibat liquid sulphur dioxide dissolves benzene when warmed. E. B. Evans and co- 
workers studied the action of alkali sulphites on asymmetric halogen compounds of 
the type OHRjlRo^- Lloyd found that, with benzene at 30°, 40°, 50°, and 60° 
respectively 127*5, 82-9, 60*3, and 34 gnus, of sulphur dioxide were dissolved per 
litre of bonzeiK‘ ; with nitrobenzene, the corresponding data at 15°, 25°, 40°, and 60° 
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were respectively 311-4, 227-9, 132, and 78*6 ; with toluene:^ at 20°, 30°, 40'°, aiul 60°, 
respectii^elj 217-5, 124*4, 93-6, and 54*7; and with o-llitrotoliiene, at 15°, 25°, 40°, 
and 60° respectively 290*8, 192*2, ]I8*5, and 68*8. W. F. Scycr and V. Dunbar 
found that on tlio eqadibriiim diagram of liquid sul})liur dioxide and eyclohexaae 
there is a transition point at —17-0°, corresponding with th(i maximum solubility 
of sulphur dioxide in €?jcloh.exsiiie, and of a eutectic point at —72*5°, at which temp, 
the solubility of cyclohexuiQ m lio[aid snlx->liur dioxide is very small. Above 13*6°, 
the liquids are miscible in all proportions. There is no evideiuje of ilie formation 
of compounds of the two substances, as suggested by R. J. Moore iind c()“Wn)rkerR. 
The action of sulphur dioxide on cyclohexanone and on niethylcyc/ohexanone was 
studied by G. Weissenbergei and L. Piatti — both substances readily absorb the gas 
and gives off nearly all of it at 80°. If some trioxide be present, the solvents are 
suiphonated. W. E. Seyer and A. F, Gill found that the critical soln. temp, with 
liquid sulphur dioxide and ^-hexane is 10*1° ; the f.p. of snlpluir dioxide is lowered 
from --72-8° to —73*5°, and the sohrbility curve is similar to that for eyefohexane. 
It is not possible to separate naphthalenes from paraffins by licpiid sulphur dioxide. 
"W. P. Soyer and J. L. Hnggct found the critical soln. teni]). with c^tene or 
hexadeeene is 42-7° ; and AY. Seylor and A, F. Gallaugher found that mixtures 
with 7 i-octasie sbow^ed no sign of the formation of a coinpomnl, TTnder 
ordinary conditions the diolefines arc soluble and Lln^ mono-olefines are 
insoluble in liquid sulphur dioxide. B. Hiigglund and A. Ringbom si.udicd the 
action of sulphites on unsaturated organic compounds. R. tF. “Moore and co- 
workers found benzene, toluene, xylene, luesitylene, and olefines were miscible 
inliqmd sulphur dioxide in all proportions ; parafltos up to decane were practically 
insoluble ; and naphthalene showed a limited miscibility. J. E. l^ewis studied the 
viscosity of soln. of sulphur dioxide in benzene, toluene, xylene, and heptane, 
P. Walden found that liquid sulphur dioxide dissolves ammonium thiocyanate, and 
the Biethylammonium chlorides and bromides— -e.y. (CH^lNH^Cl ; (OIIj) 2 NH 2 Cl ; 
(CHgjgNHCl ; (€H3)4NC1 ; and (CH3)4NBr — ^forming colourless soln. ; methyl- 
snlphonium iodide, methylammoninm and ethylammonium iodides— c.r/. (ClH3)jjSI; 
(CH 3 ] 4 NI ; and {C 2 H 5 ) 4 NI — forming yellow soln, ; carbonyl thiocyanate, forming 
a blue soln. S. Smiles and E. le Eossignol, C. Triedel and J, M. Crafts, E. Kiioeve- 
nagel and J. Kenner, and C. E. Colby and C. S. Loughlin studied the chemical 
action of sulphur dioxide on benzene. Many other organic substances are soluble in 
the liquid. J. A. Smythe and A. Forster showed that sulphur dioxide can oxidize 
the mercaptans : SO.+4(CaH ..CHo (CsH 5 .CH 5 >) 2 Sa+CC 6 H 5 .UH 2 ) 2 S 3 . 

For complexes wiuTthei&iiocyanate, vide supra, the iodides. A. Etaxd obtained 
crystals of potassium sulphtirylcyanide, ICCy.SO 2 .H 2 O, by the action of sulphur 
dioxide on a cold 40 per cent. soln. of potassium cyanide. The mother-liqupr, 
when sat. with sulphur dioxide yields the complex potassium sulphuryl hydro- 
sulphitocyanide, KCy.KHS 03 ,S 02 * H. 0. Schulze, and A. Bineau observed that 
camphor absorbs sulphur dioxide gas — ^the former said that, at 0° and 725 min., it 
absorbs 0*880 part by wt. ox 308 parts by voL of the gas. I. Bellucci and L. Grassi 
studied the system : camphor -sulphur dioxide. A, Reychler said that the absorp- 
tion of sulphur dioxide by camphor, and by caoutchouc shows a phenomenon similar 
to that presented hy liquids with respect to Henry’s law. At 18*5°, 
where and C 2 denote the number of mols of sulphur dioxide respectively in a 
Hlograni of caoutchouc and in a litte of gas. The heat of absorption by black 
caoutcbouc was found by P. Chappuis to be 0*000256 to 0*000245 Cals, per c.c. of 
gas. A. Eeychler represented the adsorption of sulphur dioxide by fat-free wool 
by (7:i=~0*88 -4-4*702. W. Kerp said that the sulphur dioxide present in fruit juices 
and dried fruits, preserved with this substance, is in organic combination, and 
is gradually liberated when the aq. extract is acidified. This gradual liberation of 
the sulphur dioxide is also exhibited by soln. of sugars containing sulphur dioxide 
and also hy the compoimd of acetaldehyde and sulx)liliroiis aciil. This latter 
coiapouod is also contained in wines treated with sulphxir dioxide. In aq. soln. it 
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is partially liydrolyzed, forming sulplmrous acid and aldelij^de, but even in very 
dil. soln. the amount of decomposition is extremely small. The velocity of com- 
bination of sulphurous acid and aldehyde depends on the cone, of the soln. In 
fermented wines which have had only a moderate treatment wdth sulphur, the 
combined sulphhr dioxide is contained in the form of the acetaldehyde compound, 
but in sulphurated musts and strongly sulphurated sweet wines the excess of 
sulphur dioxide must be assumed to be in combination with dextrose and laevulose. 
Since the latter compounds are more readily hydrolyzed in aq. soln., it follows that 
in certain cases the sulphurous acid contained in must cannot be regarded pharmaco- 
logically as identical with that contained in wine. H. Bucherer studied the action 
of the sulphites on wood, and he found that with tanning materials, sulphites can 
act as sulphonating agents without being reduced ; sodium hydrosulpMte unites 
with resorcinol, but not with trihydroxybenzene derivatives. P. Sestini observed 
that resin dissolves in liquid sulphur dioxide ; G. de Bruin, that sulphur dioxide 
forms a compound with isoprene ; A. Korezynsky and M. Glebocka, with amines ; 
L. Marino and A, Toninelli, with piperidine ; P. Ephraim and C. Aellig, with the 
alkali salts of the fatty acids from formic to valeric acid, and with the benzoates; 
W. Strecker, and B. Oddo studied the action of sulphur dioxide on the magnesium 
alkyl halides ; and W. Kerp, on dextrose ; J. M. van der Zanden studied the 
velocity of the addition of sulphites to maJeic and fumaric acids. W. Zimmermann, 
and E. Hagglund and A. Bingbom studied the action of sulphites on a number of 
organic compounds ; and K. Dtirrschnabel, on organic dyes. 


F. de Carli obtained the following values for the solubilities of various organic com- 
pounds in liquid sulphur dioxide, where s.s. means sparingly soluble ; n.s., insoluble ; and 

m. , miscible. Bmz&ne, m., colourless ; toluene, m., colourless ; ethyl benzene, m., colour- 
less ; nitrobenzene, 50 per cent., yellow j cumene, m., yellow ; propylbenzene, m., yellow ; 
m-xylene, m., colourless ; diniirobenzene, 51 per cent., yellow ; •p-mtrochlorobenzene, 38 per 
cent., yellow ; p-dibromobmzene, s.s., colourless ; o-nitrobenzene, 85 per cent., orange ; 
cimene, m., yellow ; mesitylene, m., yellow-orange ; dinitrotoluene, 40 per cent., yellow ; 
pseudocum&ne, m,, yellow-orange ; butylbenzene (terL), m., yellow ; hexachlorobenzene, 

n. s. ; m-dnnethylcyclohexane, s.s., colourless ; naphthalene, 23 per cent., yellow ; a-nitro- 
naphthalene, s.s,, yellow ; tetrahydronaphihalene, m., yellow ; decahydronaphthalene, n.s. ; 
fluorene, 24 per cent., yellow ; anthracene, s.s., yellow ; phenanthrene, 23 per cent., yellow; 
dibenzil, 28 per cent., yellow ; stilbene, s.s., yellow ; diphenylmethene, m., yellow ; 
phenyhnethene, 16 per cent., red; acetanaphthene, 13 per cent., yellow; benzyl alcohol, m., 
colourless ; menthol, 27 per cent., colourless ; benzoic aldehyde, m., colourless ; saXicyUc 
aldehyde, m., yellow ; anisic ald^yde, m., yellow ; cinnamic aldehyde, m., red ; curninic 
aldehyde, m., yellow ; acetophenone, m., yellow ; benzylacetone, 43 per cent., yellow ; phenic 
acid, 28 per cent., yellow ; benzoic acid, s.s., colourless ; salicylic acid, ms. ; o-nitrobenzoic 
acid, n.s. ; sulphanihc acid, n.s. ; phthalic acid, n.s. ; picric acid, 38 per cent,, yellow ; 
teirachlorophthalic aezd, n.s. ; cinnamic acid, s.s. ; benzyl acetate, m., yellow ; amyl salicylate, m., 
yellow ; ethyl cinnamate, m., colourless ; henzonitrite, m., yellow ; benzamide, 17 per cent., 
colourless ; p-toluidine, s.s., yellow ; o-nitraniline, s.s., orange ; acetanilide, 26 per cent., 
yellow ; p-nitroamlide, 15 per cent., yellow ; benzilidenaniline, 53 per cent., red ; camphor 
bromide, 16 per cent,, colourless ; pinene, s.s., yellow ; carvene, id.., yellow ; dimethylpyrone, 
n.s. ; phenylpyrrole, iS per cent., yellow ; carhazole, 3 per cent., yellow ; acridine, s.s., 
yellow ; thiodiphenylamine, 21 per cent., red ; antzpyrine, s.s., yellow ; amylene, n.8. ; capryUnSj 
s.s., yellow ; hcxadecilene, n.s. ; malic a^id, insoluble ; maleic acid, n.s. ; fumaric c^cid, n.s, ; 
oleic acid, n.s. ; palmitic acid, n.s. ; stearic acid, n.s. ; aconitic acid, n.s. ; thiourea, s.s., 
yoliow ; guanidiniiim carbonate, n.s. 


H. Lotz‘^^ studied the efiect of the gas ou various silicates. According to 

P. Chappuis, asbestos and pumice-stone show no marked tendency to adsorb sulphur 
dioxide ; the heat of adsorption by meerschaum is 0*000461 to 0*000253 Cal. per c.c. 
The first portions of gas adsorbed evolve more heat than the later portions. 
J. McGavack and W. A. Patrick found the adsorption of sulphur dioxide by the 
hydrogel of silicic acid can be represented by a modification of the ordinary adsorp- 
tion equation. W. A. Patrick and C. E. Greider showed that the heat of adsorption^ 

Q, of sulphur dioxide hy silica gel can be represented by Q=0*316ZO‘®®6^ where 
X denotes the number of milligrams of sulphur dioxide adsorbed per gram of goL 

von. X. Q 
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Eor safcuratioE, A =525 iiigrms., and {^=69*1 cals. The net heat of adsorption is 
21-2 cals. The subject was studied by E. Bosshard and E. Jaag. 0. Bchumann, 
and E. Kayser observed that suliDhur dioxide is absorbed by glass, and P. Chappuis 
observed that 1 sq. mm. of glass surface, at ordinary press., by warming from 0° 
to 180°, absorbs 0*00058 c.umi. of the gas ; and A. Faber showed that glasses and 
glazes adsorb sulphur dioxide from flame gases. Similarly also with firebricks. 
H. H. Evans and H. J, George, and D. H. Bangham and F. P. Eurt studied the 
adsorption of sulphur dioxide by glass, and showed that the adsorbed sulphur 
dioxide cannot be removed from glass-wool. M. Crespi and E. Moles estimated 
that the walls of a litre flask at 760 mm. press, adsorb 0*00010 grm. of sulphur 
dioxide, and this is about 0*00013 of the weight of a litre of gas. A. Portevin 
found that sulphurous gases, even when dih, attack basic rocks and glasses super- 
flcially at 900° with the formation of a water-soluble deposit consisting principally 
of sodium sulphate witli traces of calcium, potassium, and magnesium sulphates. 
The dissolution of such deposits in warm springs during the early post-volcanic 
period is a p>robable explanation of the origin of alkaline sulphated thermal waters. 

S. Klosky and A, J. Burggraif, and S. Klosky and L. P. L. Woo, studied the ab- 
sorption of sulphur dioxide by titania. Sulphurous acid and the hydrosulphites were 
found by E. Knecht to give with titanoiis salts soin. an orange or brown coloured 
liquid containing hypo sulphurous acid. E. Knecht showed that sulj)liuroa>s acid is 
also reduced by titanous chloride to sulphur, and J. A. Smythe and W. Wardlaw 
found that hydrogen sulphide is freely evolved when sulphur dioxide is passed into 
a warni strongly acid soln. of titanous chloride. The sulphur is produced by a 
secondary reaction between hydrogen sulphide and sulphur dioxide. The beginning 
and end stages are thus represented : 3802 + 1211013 + 1 2HC1=1 2 TiCi 4 “f GILO-fSS. 
P. A. Bond and H. T. Beach have made some ohsexvations on the system : titanium 
tetrachloride and liquid sulphur dioxide. The critical soln. temp, occurs at 11*9° 
with 55*80 per cent, of the tetrachloride ; the results with tin tetrachloride are 
summarized in Fig. 53 ; there is a metastable liquid binary system below the solid- 
liquid solubility curve ; and the results with tin tetrahromide arc summarized in 
Pig. 54. Stable two-liquid systems could not be obtained with less than 20 per cent, 
tin tetrahromide, but metastable systems were followed as far as about 35®. At 
temp, below — 14°, the solubility of tin tetrahromide was so slight that the eutectic 
could not be located. A hot soln. of stannous chloride was found by B. Pelletier, 
J . Girardin, E. Hering, E. Donat h, N. Pedoroff, and H. 'W. P. Wackenroder, to reduce 
sulphurous acid to hydrogen sulphide and brown stannous sulphide is formed. 
M. M. P, Muir observed that when sulphurous acid is boiled with stannous chloride, 
sulphur and stannic chloride are produced, indicating that the sulphurous 
acid can act as an oxidizing agent, E. Divers represented the reaction : 2 SnCl 2 
+S 02 ==S+ 2 SnOCl 2 ; and 2 Sn 0 Cl 2 -+ 4 HCl= 2 SnCl 4 + 2 H 20 . The oxidation of 
stanmous chloride by sulphur dioxide in the presence of cone, hydrochloride acid 
was shown by W, "Wardlaw, and J. A. Smythe and W. Wardlaw to proceed 
quantitatively : 3 SnCl 2 +S 02 + 6 HCl= 3 SnCi 4 + 2 H 20 +H 2 S. 'R. G. Durrani 

showed that the action varies with the proportion of stannous chloride, sulphurous 
acid, hydrochloric acid, and water in the soln. : when the hydrochloric acid is in 
excess, the reaction is bimolecular. Por complete oxidation, the molar ratios 
SnGl 2 : II 2 SO 3 : HCl must he approximately 5 : 6 5 higher proportions of 

sulphurous and hydrochloric acids accelerate the oxidation. If the hydrochloric 
acid be not in excess, the reaction is slow and incomplete. The main reaction is 
3 SnCl 2 + 6 HCl+Il 2 S 03 =^SnCl 4 + 3 H 2 O+H 2 S ; and the subsidiary reaction 
2 H 2 S+H 2 S 08 == 3 H 20 + 3 S is next in importance; the reaction 2 H 2 S+SnCl 4 
= 4 HCl+SnS 2 is manifest only with high cone, of hydrochloric acid ; in the earlier 
stages when the proportion of sulphurous acid is low, there may be produced 
stannous sulphide (colloidal) : H 2 S+SnGl 2 = 2 HCl+ 8 nS ; and there" may be a 
slight reduction of stannic chloride, SnCl 4 +H 2 S 03 +H 20 = 8 nCl 2 + 2 HCl+H 2 S 04 . 
S, W. Young showed that complexes of hydrochloric acid and stannous chloride 
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affect tlie rate of oxidation. E. S. Leaver andR. V. Thurston studied the reaction 
2EeS04+S02+02=Ee2(S04)3. Sulphites are not decomposed bv boric acid. 

U. R. Evans discussed the corrosive action of sulphur dioxide produced by the 
combustion of coal gas. E. Kayser, and P. Rontgen and G. Schwietzke observed 
the adsorption of sulphur dioxide gas by the metals — brass, and iron ; and 
P. Chappuis showed that plaiinmn-blach adsorbs 1*68 c.c. of the gas j)er gram. ; 
and 0*00527 CaL of heat is given off. According to A. Lange, purified and 
thoroughly dried liquid sulphur dioxide is without action on iron at about 100® ; 
the commercial liquid attacks iron over 70®, 2Ee-r 380.2 ^^FeSOg-f-FeS^O^- 
According to H. Schiff, and H. Buff and A. W. Hofmann, many metals become 
incandescent when heated in sulphur dioxide gas, forming oxide and sulphide ; 
'potassiuyn forms some thiosulphate. J. A. Smythe and IV. Wardlaw say that 
calcium burns brilliantly in the gas. J. Uhl said that copper reacts 3Gu-p2S02 
=CuS04+Cu2S, and there is also formed a white sublimate ; silver behaves like 
copper, forming also a little sulphur trioxide ; gold forms some sulphur and sulphur 
trioxide without the metal being attacked. A. Sie verts studied the solubility of 
sulphur dioxide in copper. Magnesium reacts with incandescence, forming 
sulphide, sulphite, and sulphate ; there is a small action resulting in the formation 
of sulphide in the case of zinc, aluminium, cobalt, and nichel ; cadmium behaves 
like copper; mercury and bismuth are not attacked. P. Neogi and R. C. Bhatta- 
charyya observed that sulphites are not attacked by magnesium amalgam. 
S. Hilpert and B. Colver-Glauert found that sulphurous acid (1 : 25) reacts with iron 
coating a polished face with a layer of sulphide ; cementite is not attacked. Hence, 
they propose to use this liquid as an etching reagent for developing the structure of 
iron and steel. A. Guntz observed that pyrophoric manganese absorbs the gas 
with incandescence : 3Mnd-S02=MnS4-2]MLn04-32*2 Cals. W. R. B. Hodgkinson 
and F. K. S. Lowndes observed that with platinum s.TidL palladium there is a reaction ; 
Pd+3S02=PdS+2S03 ; but that red-hot platinum does not attack the gas. This 
agrees with J. Uhl’s observation. D. O. Shiels studied the adsorption of sulphur 
dioxide by finely divided platinum. The observations of H. Risler-Beunat, 
A. Haipf, E. Mitscherlich, P. Schiitzenberger, and others on the action of the metals 
on sulphurous acid have been discussed previously in connection with the preparation 
of hyposulphurous acid, and also in connection with thiosulphuric and pentathionic 
acids (qm.). C. Geitner observed that besides the acids just indicated sulphides and 
sulphur were formed with zinc, and cadmium ; and M. J. Fordos and A. Gelis made 
a similar observation with respect to tin, iron, cohalt, and nichel ; with lead^ 
Pb-f6S02=PbS+S+4:S03. P. Schweitzer showed that with zinc, sulphur, 
thiosulphuric and trithionic acids, and zinc sulphite are formed ; while cadmium, 
and nickel give at first sulphite, thiosulphate, and sulphur, and after standing a 
longer time, sulphide and sulphate ; sodimn, magnesiuyn, and aluminium furnish 
hydrogen, sulphite, thiosulphite, sulphate, and trithionate. M. Berthelot observed 
that nickel and cadmium form the metal sulphide and a soluble salt ; lead is 
blackened, but not much attacked ; while mercury suffers no change. The observa- 
tions of S. U. Pickering, C. Geitner, L. P, de St. Gilles, M. Berthelot, H. Rossler, 
G. Bredig, H. Reinsch, and J. Uhl on the action of sulphurous acid on copper have 
been previously discussed — 3. 21, 6. E. Barruel observed that copper at ordinary 
temp, and protected from air, forms copper sulphide and sulphate when treated with 
sulphurous acid ; H. E. Causse said that the reaction occurs in two stages — 
(i) cupric sulphite and hyposulphurous acid ; and (ii) cupric sulphate and hydrogen 
sulphide, while basic sulphite appears as a result of a secondary reaction. 
M. Berthelot also made observations on the action of copper and silver on sulphurous 
acid. 

E. J- Russell and N. Smith’s observations on the action of a mixture of 
sulphur dioxide and oxygen on the metal oxides hafe been previously indicated. 
Sodium dioxide, dusted into a cylinder of the gas, glows brightly owing to the heat 
evolved during the reaction : Na202H-S02=Ra2S04. O. Schott observed that 
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at 200°, bariuin oxide reacts energetically witli snlpliur dioxi<lo, stroEtium oxide 
at 290 *^, and calcium oxide at a temp, below redness ; while C. Birnbaum and 
C, F. Witticli fonnd that calcium oxide at 400 °* reacts with sulphur dioxide, forming 
a basic sulphite , CaO.bCaSOs, and at 500 °, calcium sulphate, and sulphide are pro- 
duced. T. E. Yeley found that sulphur dioxide reacts wnth calc iu nr oxide at 400 °*, 
forming much free sulphur which was attributed to a reaction with calcium sulphide 
and sulphur dioxide. D. L. Hammick observed only tracu^s of sulphur are 
formed with fre>h lime at incipient redness, and dried sulphur dioxide ; the 
sulphite is formed as the primary product, and this is quickly converted to 
sulphide and sulphate. I. Guareschi found that the gas is absorbed by soda-lime. 
AT. T. Smith and R. B. Parkhuxst determined the solubility of sulphur dioxide in 
water, milk: of lime, and milk of magnesia from 5 ° to 60 ° and 7 60 mm. The cone, of 
sulphur dioxide as sulphurous acid is proportional to its partial press. C. P. Witticli 
studied the action of sulphur dioxide on heated magnesia and found that the temp., 
325 °, at which absorption occurs, is also the temp, of decomposition of magnesiuiu 
sulphite. D. L. Hammick, and Gr. Keppeier observed that cutpric oxide reacts 
with sulphur dioxide before visible redness with the evolution of light and heat. 
The brick-red mass which is formed is a mixture of cuprous oxide and cupric sul- 
phate : 3CuO-f S02=Cu20-f CUSO4, showing that the sulphur dioxide is oxidixed, 
An acid sulphate may also be formed. D. L. Hammick also found that lEercuiic 
oxide acts as an oxidixing agent when heated in sulphur dioxide, forming mercuric 
and mercurous sulphates, free mercury, and sulphur trioxide : 4Hg0d"*2S02 
=2Hg+2HgS04; and 4HgSO4+3SO2=2Hg-+-Hg2S04d-6SO3. J. Meyer found 
that mercuric oxide, suspended in water, does not form a dithionaic wlu*n it reacts 
with sulphur dioxide — vide infra, dithionxc acid. According to D. h. llaimuick, 
wliile stannic oxide is not attacked at a red-heat, stannous oxide reacts with 
incandescence, forming clouds of sulphur and traces of sulphur trioxidc. The 
primary reaction is 18 SiiO-f 7 S 02 :== 16 SnO 2 + 2 SnS~|~bS ; which is followed by 
SnS-f3Sn02=4SnO+SO2, and the stannous oxide then reacts as before. When 
lead oxide is heated in the gas just below visible redness, a dull glow travels through 
the mass. No sulphur or sulphur txioxide was formed, but a black powder—a 
mixture of lead sidphide and sulphate — was produced: 8Pb0-FBS02— 2PbS 
-f 6PbS04. These possibly interact in the well-lmown way. J. Meyer observed that 
when sulphur dioxide is passed through water with lead dioxide in suspension, there 
is no perceptible change. F. Wohler observed that lead dioxide in sulphur dioxide 
becomes incandescent, and lead sulphate is produced, and E. J. Russell and N. Smith 
found that a inixtuie of sulphur dioxide and oxygen gives lead sulphate. 
D. L . Hammick found that the bismuth oxides act as oxidizing agents on sulphur 
dioxide — ^bismuth monoxide gives a reddish-brown sublimate which may be bismuth 
trioxide, and a basic sulphate is produced ; bismuth trioxide forms a black powder 
which contains a basic sulphate mixed with bismuth monoxide and free bismuth or 
both oxide and bismuth. No sulphide or hree sulphur was formed, and only traces 
of sulphur trioxide. The main reaction is : 7Bi203+3S02==6Bi0+4Bio()3.3S03. 
M, Traube obtained sulphur trioxide and chromic oxide when chrondum triojdde 
is heated to 180 ° in sulphur dioxide. G. Grather and T. Nagahama studied the 
reduction of dichiomates by sodium sulphite. W. Wardlaw and N. 1 ). Sylvester, 
and G. Edgar found that a sexivalent molybdenum salt is not reduced by sulphur 
dioxide if it be allowed to act for, say, 8 hrs. at 90 °, provided over 2'5iV‘-H2S04 be 
present and 2-5 gnus, of M0O3 per litre. W. Wardlaw and N. D . Sylvester found that 
teivalent molybdenum in siilphuiic acid soln. is oxidized by sulphur dioxide to a 
stage between ter- and quinque-valent molybdemmi while sulphur and molybdenum 
sulphide axe precipitated. The degree of oxidation increases with increasing cone., 
and reaches a maximum approximating M02O4.2. The reaction is probably rever- 
sible : ^Mo2(B04)3+S02+2B[2S04^Mo 2(S04)5-1-S4"2H20, but the reduction of 
Bulphuric acid soln. of molybdenum of higher valency to this stage does not occur, 
but the reaction MoaOs.TtMoOs-hnHsO-j-dHCMaMoOCls+aHoO+^HsMoO^ is 
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reversible. In soln. corresponding to a stage just above the quinquevalent, sexa- 
valent, and quinquevalent molybdenum are present, and, in accord with the above 
equilibrium, they will form molybdenum-blue in greater or smaller amount, depend- 
ing on the acid cone. Molybdenum-blue is insoluble in 34 per cent, sulphuric acid, 
but in 56 per cent, acid it dissolves, giving rise to a yellow soln., whilst with 
85 per cent, acid a green soln. is obtained. In acid of high cone, yellow, and 
green soln. are produced when sulphur dioxide reacts at 90 ® with molybdenum 
soln. at a slightly higher stage of oxidation than the quinquevalent. These effects 
are produced not by a specific action of the sulphur dioxide, but by the establish- 
ment of the above equilibrium relationship. Soln. of tervalent molybdenum salts 
in ^iV’-H2S04 react differently with sulphur dioxide, probably forming tetra- 
thionic acid. D, L. Hammick observed that when manganous oxide is heated in 
sulphur dioxide, there is a dull red glow ; sulphur and sulphur trioxide are pro- 
duced and a green powder of manganese sulphide and sulphate with traces of higher 
manganese oxides is formed. At a dull red-heat, sulphur trioxide, but no free 
sulphur, is produced and manganese sulphate is formed. The main reaction is 
symbolized : 7 MnO-f 10S02=MnS-t-6MnS04+S03+2S ; one secondary reaction 
is : ]MnS-t-5MnS04=2Mn304H-6S02. E. J. Russell and hi. Smith showed that 
dry manganese dioxide does not absorb dry sulphur dioxide ; but D. L, Hammick 
showed that if the dioxide is finely divided and at a dull red-heat, interaction occurs 
with the evolution of light and heat, leaving a reddish-brown mixture of manganese 
sulphate and the two oxides Mn903 and Mno04 : possibly the reactions are 
Mn 02 +S 02 =MnS 04 ; 2Mn02-f SOg^SOs+Mnadg ; 

Ma304+S02=2Mti0+MnS04 ; etc. J. Meyer found that when suspended in 
water, manganese dioxide forms sulphate, sulphite, and dithionate : 2Mn02 
-f 4H2S03=Mn2(S03)34-3H20-f H2SO4 ; Mn2(S03)3=MnS03-f MnSaOe, and MnSOg 
-|-0 =:MnS04. T. S. Dymond and E. Hughes observed that while manganese dioxide, 
suspended in water, oxidizes sulphur dioxide to sulphuric and dithionic acids, 
manganese teoratrioxide gives only sulphuric acid, J. Meyer and W. Schramm said 
that with manganese dioxide suspended in water there are two reactions : 2Mn02 
-f 4S02=Mn2(S03)3+S03=MnS04-fS02+MnS202, and Mn02+S02=MnS04 ; 
while with manganic hydroxide suspended in water, manganic sulphite is formed, 
as before, and this decomposes : Mn2(S03)3=MnS03+MnS202, and Mn2(S03)3 
=MnS04+S02+MnS03. There is no reduction to manganous salts, nor any 
decomposition of the manganic salt into manganous salt and dioxide. G-. Keppeler 
observed that between 500° and 800° feme oxide reacts slowly with sulphur dioxide: 
3Fe203+S02=2Fe304-l-S03. D. L. Hammick obtained a similar result, and he 
observed no reaction between ferrosic oxide and sulphur dioxide at dull redness ; 
there is, however, a reaction with ferrous oxide. According to J. Meyer, ferric, 
cohaltic, or nickelic hydroxide, and ruthenium tetroxide form sulphites and 
dithionates ; while sulphates are produced by the action of sodium, baxium, or 
magnesium dioxide on sulphur dioxide. A. Rosenheim and E, A. Sasserath 
found that when a soln. of perosmic acid in soda-lye is treated with sulphur dioxide, 
sodium sulphonosmate is produced. 

Sodium chloride, azide and sulphite, potassium cyanide and cyanate, ammonium 
chloride and sulphate ; hydrazine sulphate, mercuric cyanide, cadmium chloride, 
and cupric sulphate are very sparingly soluble or insoluble in liquid sulphur dioxide ; 
potassium chloride, bromide, and azide, lead iodide, and silver azide are sparingly 
soluble ; and sodium iodide, potassium iodide, and thiocyanate, ammonium bromide, 
iodide, azide and thiocyanate axe very soluble. A. Benrath and K. Ruland^? found 
that ceric sulphate oxidizes sulphurous acid to eq. amounts of sulphuric and dithi- 
onio acids. J. A. Smythe and W. Wardlaw observed no evidence of oxidation, 
analogous to the case of stannous chloride, by the action of sulphur dioxide on lead 
and thalliTm chlorides. On the other hand, cuprous chloride is slightly oxidized, 
forming sulphur and cuprous sulphide ; J. B. Firth and J. Higson studied the 
reaction with cupric ebioride: 2CUCI2+SO2+2H2O—CU2CI2+H2SO4+2HCL 
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W. Wardlaw, and W. "Wardlaw and T. W. Pinkard represented the oxidation 
of cuprous chloride hy sulphur dioxide in the presence of cone, hydrochloric acid 
"by the equation: ' 2 Cii 2 C] 2 d~S 02 + 4 HCl= 4 CuCl 2 d- 2 H 20 - 4 "S, The reaction is 
prohably reversible, hut the reversibility is obscured by the reaction : 
6 CaCl 24 -S-f 4 H 20 = 3 Cu 2 Cl 24 - 6 HCl+H 2 S 04 , There is probably also a secondary 
reaction, forming black cuprous sulphide: S+ 2 Cu 2 Cl 2 ™ 20 uCl 2 +Cu 2 S. The 
degree of oxidation of the cuprous chloride is dependent on the initial cone, of the 
cuprous chloride ; oxidation does not occur in solii. containing l(\ss ihaii 30 c.c. of 
free hydrochloric acid (33 per cent.) in. 250 c.c. of soln- at 95 ; and if more than 
150 c.c. of the hydrochloric acid is used, sulphur is precipitated. Soln. containing 
bet^veen 112 and 160 c.c. of the cone, acid' furnish a precipitate of sulphur and 
cuprous sulphide ; and with 38 to 112 c,c. of acid, the precipitate is cxiprous sulphide 
alone. As the cone, of the acid decreases, the degree of oxidation is lowered, and 
even when black cuprous sulphide is precipitated, the degreo of oxidation is small. 
W. M. Mehane and co-workers examined the solubility of calcium phosphate in 
aq. soln. of sulphur dioxide. 

J. A. Smythe and W. Wardlaw found that chromous and molybdous chlorides 
are readily oxidized by sulphur dioxide to higher chlorides with the formation of 
hydrogen sulphide. The reduction of mercuric chloride by sal])liur dioxide was 
noticed by A. Vogel, and F. Wohler. T. Sartorius recognized the importance of 
the initial cone, of the mercuric chloride, and showed that the reduction is q^uantita- 
tive with a soln, of the chloride (1 : 80), sat. with sulphur dioxide after prolonged 
digestion at 70°— 80°. ?. A. Bolley obtained similar results. A. Sander said that 
the reduction of mercuric chloride by sulphurous acid : lT 2 S 03 -”h 2 ngCl 2 ' [-ILO 
=H 2 S 04 -l- 2 IlgCl-f- 2 HCl, is quantitative only when the soln. contains not more 
than 2 gnus, of sulphur dioxide per litre ; with greater conoentrations, sulphur 
dioxide escapes unoxidked from the boiling soln., with an excess of mercuric) chloride 
and a cold soln. of sodium hydrosulphite, 2 ]SraHS 03 -|- 2 HgCl 2 '*"- 2 JIgCl(NaS 03 ) 
-|-2HC1 ; with sulphurous acid in place of the hydrosiilphite, 2 mols of sodium 
hydroxide are needed to neutralize the reaction mixture for every mol of sxih 
phuious acid, so that sodium hydrosulphite is first formed. If tlxo n<mtralizod soln. 
is boiled, it becomes acidic : 2 HgCl(NaS 03 )-fH 20 = 2 HgCl+Na 2 S 04 HHl 2 S 03 ; and 
E 2 S 03 + 2 HgCl 2 +H 2 O==H 2 SO 44 - 2 HgCi+ 2 HCL Normal sodium sulphite behaves 
like the hydrosulphite. J. A. Sm 3 rfche and W. Wardlaw represented the reaction : 
S02+4HCL-t-2Hg2Cl2=4Hg€l2-f2H20-fS. L. M. Stewart and W. Wardlaw 
showed that this reaction applies when the hydrochloric acid present is SN- to 2^-. 
With a decreasing cone, of hydrochloric acid, the amount of oxidation decreases, 
and at last, mercurous chloride is reduced : Hg 2 Cl 2 ^Hg-l“lIgCl 2 , but not by the 
sulphur dioxide. The reduction of mercurous chloride by sulphur dioxide can 
take place in two ways: Hg 2 Cl 2 -bS 02 + 2 H 20 = 2 Hg+ 2 lHCl~hH 2 S 04 ; and 
2HgCl24-SO2-l-2H2O==Hg2Cl2+2HCl+H2S04 produce sulphuric acid in both cases. 
A. Vogel thought that mercurous chloride is converted by sulphur dioxide into a 
grey subchloride, but L. M. Stewart and W, Wardlaw observed that sulphur dioxide 
does not usually show a tendency to exert a reducing action in the' presence of dil. 
hydrochloric acid ; and they agree with E. Divers and T. Shimidzu, who found that : 

Ordinary calomel becomes a little greyish when suspended in a small quantity of water 
through which sulphur dioxide is passed . . , only traces of hydrochloric acid are found 
in the mother-Kquor,^ We doubt if there is any reaction at all between oitlxcir of the 
two, mercnrotis chloride and snlphurons acid, for when mercurous chlorido is precipitated 
by sulphurous acid itself, it is of dazzhng whiteness. 

They also found that mercuric chloride dissolves more readily in aq, soln. of 
sulphur dioxide than in water alone, but not so in the presence of much sulphuric 
acid ; and they suppose that in the reduction of mercuric chloride, the first stage 
results in the formation of mercuric hydrosulphite: HgCl 2 + 2 H 2 S 03 == 2 HCl 
+Hg(HS 03)2 i that this is partially hydrolyzed into mercurosic sulphite : 
3Hg(HS03)2+H20=Hg3(803)2-|-H2804-f3H2S03, which is then decomposed by 
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the hydrochloric acid : Hg3(S03)2+^H01=HgCl2+Hg2Cl2+2H2^03' The sul- 
phuric acid formed by the reduction of the mercuric chloride prevents the remainder 
of the mercuric chloride from forming the essential intermediate hydrosulphite, and 
thus brings the reaction to a close. 5l. le Blanc and A. A. ISToyes also observed that 
mercuric chloride and hydrochloric acid form a complex H2HgCl4. L. M, Stewart 
and AY. AA^ardlaw showed that with a definite cone, of acid, the yield of mercurous 
salt is dependent on the cone, of the mercuric chloride present. If over 2-6 grms. 
per 120 c.c. ot water are present at 95°, the reduction is incomplete after a 12 hxs.’ 
digestion. Returning to the influence of the cone, of the hydrochloric acid, while 
oxidation occurs with 2^- to SN-HGi; the mercurous chloride decomposes: 
Hg2Cl2=Hg+HgCl2 with between 2N- and 0-16iY-HCl ; and the calomel is not 
affected by 0*16iY- to O-OiV-HCl ; there is a minute reduction : Hg2Cl2+S02+2B[2^ 
=2Hg+2iICl+H2S04 vnth 0*07iV- to 0-022Y-HC1, and this reduction increases with 
decreasing acid cone, down to neutrality — vide mercurous chloride — 4. 31, 11 — 
and mercuric chloride — 4. 31, 12. 0. Ruff observed that liquid sulphur dioxide and 

aluminium chloride in a sealed tube form aluminium sulphurylchloride, AICI3.SO2, 
and the same compound is produced by the action of aluminium chloride on sui* 
phuryl chloride (q.v.). P. AYalden found that feme chloride dissolves in liquid 
sulphur dioxide, forming a yellow soln. The reduction of ferric salts by sulphurous 
acid and sulphites was observed by R. Phillips, C. F. Schonhein, J. Meyer, 
H, J. Buignet, L. L. de Koninck, A. Vogel, P. T. Austen and G-. B. Hurff, 
T. AA^. Hogg, R. AY. Atkinson, B. Glasmann, A. C. Gumming and E. AY. Hamilton, 
etc. J. A. Smythe and AY. AYardlaw, AY. AYardlaw, and AY. AYardlaw and 
F, H. Clews studied the oxidation of ferrous chloride in acidic soln. by sulphur 
dmxide. The reaction 4f"^FeCl2+S02+4:HCM4FeCl3+2H20+S is reversible, 
but this fact is generally obscured by the reaction: 2FeCl3+S024-2H20 
=2FeCl2+2HCl+H2S04 ; but in the presence of cone, hydrochloric acid no sul- 
phuric acid can he detected when ferrous chloride is oxidized by sulphur dioxide. 
Owing to the reversibility, only a limited yield is possible, and the degree of oxida- 
tion is dependent only on the initial cone, of the total iron. From the mass law, 
assuming that the active masses of acid, sulphur, and water are constant, the equili- 
brium condition is determined solely by the ratio of the ferrous to ferric iron. The 
most favourable temp, for the oxidation of ferrous chloride, in 33 per cent, hydro- 
cHoric acid, by sulphur dioxide is 95° ; oxidation does not occur at 95° in soln. 
containing less than 165 grms. of free HCl per litre. A soln. of ferrous chloride in 
22 per cent, hydrochloric acid gave a maximum* yield of 8*6 per cent, of ferric iron 
when treated with a mixture of sulphur dioxide and hydrogen chloride containing 
16 per cent, of sulphur dioxide ; mixtures with 10-20 per cent, of sulphur dioxide 
give the best results under these conditions. Soln. containing 10-18-3 per cent, of 
ferric iron in 33 per cent, hydrochloric acid gave no evidence of oxidation or reduc- 
tion ; with more than this amount of ferric iron, reduction slowly occurred. The 
dependence of sulphur dioxide as an oxidizing agent on a high cone, of hydrochloric 
acid made it probable that hydrochloric acid and sulphur dioxide form a little 
thionyl chloride, and that the oxidizing properties of sulphur dioxide are really 
exercised through the medium of the thionyl chloride initially produced. Accept- 
ing the results of K. Schaefer, and of A. 0. Rankine and C. J. Smith, vide 
supra, AY. AYardlaw and N. D. Sylvester assume that the slowness of the reactions 
indicate that they are molecular and not ionic ; that hydrated sulphur dioxide is 
formed S <02-f H2O=HO.S.0.OH ; and that the peroxide group thus produced 
will give rise to an oxidizing reaction when in contact with a reducing agent ; other- 
wise, it will assume the more stable configuration : 



Reactions with sulphur dioxide as an oxidizing agent can then be symbolized 
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; HO.O.S.OH+^H-^IIO.S.OH+HgO. The initial reduc- 
tion product of the sulphur dioxide and its hydrate is probably tlu>. hypothetical 
sulphyoxylic acid, whicli hy further reactions can give rise to Iiyposiilphurous or the 
thionic acids. When sulphur is precipitated as the result of an oxidation by sulphur 
dioxide, it may be considered as the end product of a series of laistabJc intermediate 
substances. According to O. C. Ralston, when sulphur dioxide, diluted with air is 
passed through a soln. of ferrous sulphate, the ferrous iron and the sulphur dioxide 
catalyze each other’s oxidation, and the reaction: 2FcS04"-hS02+02=Fo2(S04)3 
occurs. The optimum temp, is 40'", and the best proportion of Uie two gases is 
about 7 per cent. SO2 by vol. for crucibles' about 1mm. diameter. The efl'oet of press, 
is small. The presence of copper is detrimental to the reaction. Sulp)Iuir dioxide was 
found by ¥. Wardlaw and co-workers to have no reducing action on feme phos- 
phate dissolved in cone, phosphoric acid: but ferrous phosphate in cone, phos- 
phoric acid is oxidized : 4Ee(H2P04)2+4H3P04+S02-2H20+Sd-4Fc(H2B04)3. 
It is believed that the reaction is really reversible, hut is modified by the formation 
of complex stable compounds of ferric phosphate with phosphoric acid, S. R. Carter 
and J. A. V. Butler found that the speed of the reaction agrees with the assumption 
that an active reducing compound is produced by a primary reaction which is 
reversible, and hy a second irreversible process this active substance decomposes with 
the formation of sulphur. The intermediate compound is probably not hydrogen 
sulphide ; hydrosulphurous acid and thiosulphuric acid have the necessary reducing 
qualities, but would not have a long enough life in strongly acid sohi. An active 
foxmof sulphur could conceivably possess the required properties, and decompose into 
inactive sulphur at a rate required hy the theory. J. Houhen estimated ferrous and 
feriic iron together in acidic soln. on the assumption that when a ferric salt is reduced 
with sulphur dioxide, the increased addity corresponds with two-thirds of the acid 
in combination with the ferric iron,^EeCl3-fS02+2H20— FcS04+FeCl2+4HCL 
J. Meyer observed that the reduction of a ferric salt most probably proceeds in 
stages; thus, first, a red ferric ferrisulphite, Fe[Fe(S03)8], is formed, which slowly 
changes in the cold, more quickly on warruing, into the ferrous salt, not, however, 
with the production of sulphuric acid, but dithionic acid, thus : Fe[Fe(S03)8] 
—EeSgOe-f-FeSOs, Before any increase in the acidity can take place, therefore, 
the dithionate must he decomposed, thus : FeS206-~fH20=FeS04 “1-112803, and 
it is not quite certain whether this is completed even by vigorous boiling. J. Pinnow 
found that a low acid cone, favours the interaction of a ferric salt and a sulp)hitc ; 
quinone, quinol, and their respective sulphonic acids act as carrier-catalysts in the 
oxidation of a sulphite to sulphate by means of a ferric salt, and their ejSects increase 
with increase in the respective amounts present. In acid soln., their catalytic 
action is less pronounced . The increased yield of sulphate in the presence of quinone 
is not in accord with the suggestion of C. E. K. Mees and S. E. Sheppard that a 
dithionate is formed from quinone and a sulphite. The author finds that quinone 
is converted into its sulphonic acid. The regeneration of quinol or its sulphonic 
acids, hy means of sulphurous acid, and its subsequent oxidation to quinone, can be 
effected only in acidic soln. 

According to W. Wardlaw and co-worters, the facts that sulphur dioxide 
reduces most readily in a very dil. acid medium, and that it oxidizes most readily 
in a strong acid mediupi, may he explained on an ionic basis, oxidation being 
represented hy the surrender of positive charges and reduction by the transference 
of negative charges. Sulphur dioxide in aq. soln, is generally regarded as a 
moderately weak and acid ionizing principally into H'-, HSOa'-, and SOs^'-ions. 
It isin this condition that it reacts as a reducing agent. Thus : 2Fe*“+S03"“f H2O 
=2Fe 4-S04*'--f 2H . In strongly acid soln. containing a large number of hydrions, 
the cone, of SO^^'^-ions will he reduced, and, on the above assumption, its power of 
reducing should he diminished. TMs is in accordance with experimental results. 
Now let it be assumed that sulphur dioxide is capable of ionizing to an extremely 
minute extent as a base, yielding a correspondingly minute amount of sulphur 
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ions. E. Fromm and G-. Raiziss have shown that the sulphoxides, the organic 
analogues of sulphur dioxide have basic properties. This tendency will be all the 
greater, the larger the number of H‘-ions present in soln. Thus, H2O+SO2 
^OS(On)2^SO‘*+20H' ; or H20+S0“^S'***+20H'. In view of the large 
number of hydrions present in the soln., the cone, of hydroxyl ions would be 
reduced to a very low value and the reaction towards the right favoured. Oxida- 
tion is now represented : S‘‘"+4Fe'*— >-4Fe'“-l-S. If oxidation takes place due to 
the ion-SO**, 2SO'*+4Fe**->4Fe-+2SO ; 2S0+H20->H2S203, which repre- 
sents an intermediate stage in the reduction of sulphur dioxide to sulphur. Thio- 
sulphuric acid would break up into sulphur dioxide and sulphur. This hypothesis 
is a modification of the thionyl chloride hypothesis of J. A. Smythe and W. Wardlaw. 

According to W. R. E. Hodgkinson and J. Young, when dry sulphur dioxide 
acts on ciiromates or dieiiromates, there is a tendency to form chromium sulphate 
as well as tk ' other metal sulphate, but in no case was the chromium sulphated 
to its fullest extent ; the permanganates behave similarly. W. S. Hendrixson 
studied the reducing action of sulphurous acid on dichromates which is incomplete 
in acidic soln. owing to the formation of some dithionate. Alkaline soln. of sulphur 
dioxide were found by F. Heereii, L. P. de St. Grilles, M. J. Fordos and A. Gelis, 
and H. J. Buignet to he almost completely oxidized to sulphate ; by permanganate ; 
but in acidic soln., about one-fiith is oxidized to dithionate. 1. M. Kolthofi said 
that the reaction is completed only in alkaline soln. with a large excess of per- 
manganate ; in acidic or neutral soln. the reaction was not complete in 24 hrs. 
even with a large excess of permanganate. This was attributed by W. S. Hendrix- 
son to the formation of some dithionate. G, Lunge and J. H. Smith found that 
only 86 per cent, of sulphur dioxide is transformed into sulphuric acid. When 
sulphurous acid is dropped into a soln. of potassium permanganate there is a loss 
owing to the volatilization of the dioxide ; T. S. Dymond and F. Hughes said that 
the loss is due to the formation of dithionic acid : 17H2S03+6KMn04=2K2S206 
-j-K2S04-l-6MnS04+6H2S04+llH20. If sulphurous acid be introduced into an 
excess of permanganate, sulphuric acid alone is produced. T. Filter showed that 
basic phosphates insoluble in water are transformed by sulphurous acid, under 
press, into acid phosphates. According to B. W. Gerland, sulphur dioxide converts 
calcium orthophosphate into calcium sulphurylphosphate, Ca3(P04)2.S02.2H20,’l 
while E. Rotondi observed that when calcium magnesium orthophosphate is ) 
heated with sulphurous acid, hydxophosphate and sulphite are produced ; and 
with barium or -lead orthophosphate, dihydrophosphate and sulphite are formed. 

Some reactions of analytical interest. — ^When the sulphites are treated in 
the cold with dil. or cone, sulphuric acid, sulphur dioxide is given off recognizable 
by its odour. With silver nitrate, neutral sulphites or sulphurous acid gives a 
white precipitate of silver sulphite soluble in aq. ammonia, nitric acid, and in an 
excess of silver nitrate. When the latter soln. is boiled, a grey precipitate of 
silver is formed ; and similarly when silver sulphite is boiled in water. O. Hackl 
said that by means of silver nitrate it is possible to detect 0*(X)1 grm. of SO3" as 
sulphite in 10 c.c. of water ; or 0*00001 grm. of sulphur dioxide in 1 c.c. of water. 
Ho precipitation occurs with barium chloride in sulphurous acid, but with neutral 
sulphite soln,, barium sulphite is precipitated. The precipitate is soluble in cold 
nitric acid, and when the soln. is boiled, insoluble barium sulphate is formed. If 
the sulphite contains sulphate, the precipitate with barium chloride may not be 
aU soluble in the nitric acid. A similar precipitate is obtained with strontium 
chloride, but, as shown by W. Autenrieth and A. Windaus, thiosulphates do not 
give this precipitate. One part of calcium, strontium, or barium sulphite is 
soluble respectively in 800, 30,000, and 46,000 parts of water at 18®. White lead 
sulphite is precipitated ‘by lead salts. The sulphites are oxidized to sulphates by 
chlorine water. The reducing action of sulphurous acid is shown by its decolorizing 
iodine soln., and acid potassium permanganate soln., iodates, chromic acid, soln. 
of gold salts, and mercurous nitrate. L. L. de Koninck observed that filter-paper 
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soaked in potassium fexrocyanide and ferric cMoride is coloured kluc by sulpbur 
dioxide or acid snip kites ; and J. Persoz, that paper soaked in starch and potas- 
sium iodide soln. becomes blue when exposed to sulphur dioxide. At ordinary 
temp, iii6iciiric chloride gives no precipitate ■with sulphurous acid, but when the 
soln. is boiled mercurous chloride is formed, and with an excess of sulphurous acid, 
the mercurous salt is blackened by forming mercury. According to A. Sander, 
when sodium, salts of the following acids are treated with an excess of mercuric 
chloride, the reactions indicated in Table III occur. Polytliionates and sulphites 

Table III. — Some Reactions of the Salts of the Oxys-dxpkxjb Acibs. 

Sodium salt. Cold soln. j SlthylOTrigl 

Sulphate . . . No ppt. ! Neutral No change 

Sulpliito . . . N’o ppt. i Alkaline Ppt. 

Hydrosulphit© . . No ppt. i Acid Ppt. 

Sulphide . . . Ppt. ! Neutral No change 

Thiosulphate . . ' Ppt. Acid No change 

Potythionata , . ' Ppt. 1 Acid No change 

! _j _ __i 

cannot exist together in a soln. Nascent hydrogen from zinc and sulphuric acid 
reduces sulphurous acid to hydrogen sulphide recognizable by its odour, and by 
its action on lead acetate. According to C. H. D. Bodeker, and K. A. Hofmann, 
if a neutral sulphite be treated with a dil. soln. of sodiuim nitropriisside, a faint 
pink colour is produced, but if an excess of zinc sulphate be added, the colour is 
red, If a little potassium ferrocyanide be present, the reaction is more sensitive, 
and, unlike thiosulphnric acid, sulphurous acid then gives a red precipitate. 
Neutral sulphites, not the hydxosulphites or free acid, rapidly decolorize diL soln, 
of iuchsine, malachite green, and other triphenylmethane dyes. According to 
B. Yotocek, soln. of thiosulphates or of di-, tri-, and tetrathionates do not decolorize 
these dyes ; but soln. of mono- or poly-sulphides also remove the colour from the 
dye soln., and the sulphide ion must be removed by means of zinc or cadmium 
ions before the test with the dye is made. The best efiects axe obtained by using 
a mixture of 3 vols. of magenta soln. (0*25 grm. in 1 litre) and 1 vol. of malachite- 
green soln, of the same cone. The colour is restored on the addition of a small 
amount of acetaldehyde. If the original soln. is alkaline, carbon dioxide is passed 
in ; if acid, an excess of sodium hydrogen carbonate is added. A soln. of 
0*00006 grm. of sulphurous acid in 1 c.c. of water can readily be detected by 
this method. The reaction was studied by H. Lefimann and M. Trumper, and 
H, Tincke. The detection of thiosulphates, sulphites, sulphates, and sulphides 
has been discussed by R. Cr. Smith, W. P. Bloxam, etc . — vide infre. 

The constitution of sulphurous acid and the sulphites. — The empirical 
formula of a gaseous compound is based upon its percentage composition, and the 
atomic hypothesis ; while the molecular formula, in addition, is coupled with 
Avogadxo’s hypothesis. After the empirical and molecular formulse have been 
deteimineci, the chemical properties of the compound are studied in order to trace 
the relations between the atoms of the molecules, and when this has been done 
for all the atoms in the molecule of the substance, the constitution ol the Cona«^ 
pound is said to have been determined. The result of ,the investigation is expressed 
as a structural or graphic formula. It is assumed,” as W. Lessen expressed 
it, “ that the action of any particular atom on the other atoms in the molecule 
depends on the relative position of the atom in q^nestion; the properties and 
chemical behaviour of the molecule depend upon the actions of all the atoms on 
one another. Hence observations of the properties, and the behaviour of a com- 
pound enable us to draw conclusions concerning the mutual actions of the atoms 
in the molecule of that substance, and the positions of the molecules relative to 
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one another/’ A structural formula should summarize what is known about the 
chemical behaviour of the compound with respect to (i) the number and kind of 
atoms in the molecule ; and (ii) the relations between the atoms in the molecule. 

Several chemists have emphasized the formal analogy between sulphur dioxide 
and ozone ; and although, like ozone, sulphur dioxide exhibits both oxidizing and 
reducing characters, the arguments in favour of the ozone structure : 

s<]0 0<3g 

Sulphui dioxide. Ozone, 


are not generally accepted. This formula for sulphur dioxide, hovrever, was 
found by A. O. Rankine and C. J. Smith to agree better with the value calculated 
for the collision area (q.v.) than is the case with the formula 0 =S= 0 . The 
reducihility of sulphur dioxide by zinc and acid to the simple hydride, H^S, does 
not prove that the sulphur atom is bivalent in sulphur dioxide ; nor does the fact 
that the two atoms of oxygen in sulphuryl compounds are not replaceable by 
hydrogen, since the S-atom is fully saturated by two hydrogen atoms, and if 
oxygen atoms are affected, they are removed, not replaced, by the hydrogen. 
For instance, with ethyl chlorosulphonate, 00115(802) Cl, the two atoms of oxygen, 
on reduction, form water, and the chlorine is alone displaced by hydrogen, forming 
ethyl hydrosulpMde, C2H5.SH, i.e., ethyl mercaptan: C2H5.S02.Ci+6H“>C2H5.SH 
-I-2H2O+HCL The action of phosphorus pentachloride on sulphur dioxide, 
resulting in the formation of thionyl chloride, SOCI2, is usually considered as 
establishing the constitutional formula 0 =S =0 for sulphur dioxide, and of 
0=S=Cl2 for thionyl chloride. There are several possible methods of repre- 
senting the constitution of sulphurous acid, and accordingly of the sulphites. 
The sulphur may he hi-, qnadri-, or sexivalent : 


O-OH 

®<OH 

Sulphur dyad. 


o=s< 


OH 


0=S< 


OH 

Sulphur tetrad. 


O — OH 
H 


>S' 


.OH 

^H 


0^^„ .OH 
Sulphur hexad. 


In one group of these formulae, the hydrogen atoms are symmetrically placed 
with respect to the sulphur atom ; and in the other group the hydrogen atoms 
are asymmetrical. The problem is to select from these graphic formulae the one 
which best represents the orientation of the atoms in the molecule of sulphurous 
acid. W. Odling at first favoured the asymmetrical or sulphonic formula : 
AgO.SO2.Ag, but later gave it up in favour of symmetrical, or dioxylic formula : 
AgO.SO.OAg. First, because the sulphites are in general less stable than the 
sulphonates ; and second, because of the effect of phosphorus pentachloride and 
of phosphoryl chloride. The asymmetrical formula was favoured by A. Strecker, 
"D, I. Mendeleeff, A. Michaelis and B. Landmann, W. Smith and T. Takamatsu, 
etc. In advocating the asymmetrical formula, E. Divers belittles the value of 
both arguments. J. K. Byrkin discussed the electronic structure. 

The instability and ready oxidizability of the sulphites as compared with the 
sulphonates does not necessarily mean that these salts have a different con- 
stitutional formula. The ready oxidizability of tbe sulphites has been explained 
by the hypothesis that the basic radicle is attached directly to the sulphur atom 
of the S02-group, and that it is this basic radicle, not the central sulphur atopa, 
which is oxidized. Similar remarks, according to H. Prinz, apply to the sulphuriza- 
tion of the sulphites from thiosulphates. In the more stable sulphonates, it is 
assumed that the hydrocarbon radicle is directly attached to the sulphur atom, 
and that it resists oxidation. The evidence is: (i) the oxidation of potassium 
ethyl sulphinate, K(S02.C2H6), < to potassium ethyl sulphonate, H0(S02.C2H5), 
the sulphuryl group is probably unaffected, hut the oxygen is interposed between 
the metal and sulphur, (ii) The sulphones — say ethyl sulphone, (02115)2802 — 
have the same constitution as the sulphinates, and axe not oxidizahle because 
instead of a metal radicle being present, both the basic radicles are hydrocarbons. 
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wHch. resist oxidation, (iii) Etliyl sulphide, (02115)28, unlike the alkali siilpliides 
say, Na2S^ does not oxidize in air, presumably because ii- is tlie ])reH(*net‘, of a metal 
anited directly to sulphur which makes both the Bulpbich^s and sulphites oxidize 
in air. E. Divers explains the eflect of moisture in facilitating oxidation of 
sulphur dioxide by assuming that sulphurous acid — constitiit<nl llO.SOo.Il—is 
formed, and that the unoxidized hydrogen atom is readily ait.ackciL The slow 
oxidation of sulphurous to dithionic acid, H2S20(j, obscrvcnl by V. A. Jacquelaiii, 
is similarly interpreted : 2(S020H)H+0->(S020H)2“ldl2G. When the radicle 
is not oxidizable, as is the case during the oxidation of silver sulp]iii(% Ag^^Os, the 
instability of the salt is explained in a different manner -vh. the metal is more 
stable when free than when united as an oxy-com])<)und. 

The argument that the sulphites contain two hydroxyl groups is also based 
on the extension to inorganic compounds of L E. A. Dumas and E. IVdigot’s and 
A. Cabours’ investigations on the action of phosplionis pcntachlorido on organic 
acids, etc., whereby each supposed hydroxyl group is rcphuHMl by (Mjuivalent 
chlorine atoms. Phosphorus pentaehloride reacts with the sulpliiiios forming 
thionyl chloride, SOCIq, and hence it is argued that tlic sul})hit.(‘4s have th(^- equiva- 
lent of two hydroxyl groups. E. Divers holds that th(^ t/hiouyl chloride is here 
the result of a secondary reaction, and that the inference is invalid. Idiis argu- 
ment follows from Carius’ observations that ethyl chlDrosul])honat(\ (C2Hr,)ClS02, 
is the first product of the action of phosphorus pentachlorid(\ on sodium ethyl- 
sulphonate, Na0(C2H5)(S02) ; and this compound deconiposi^s slowly and spon- 
taneously into sulphur dioxide and chloioethane, C2tl50i ; tlu*. sulpluir dioxide 
then reacts with the phosphorus pentaehloride, forming thionyl ch!orid(\ Accord- 
ingly, the formation Ox thionyl chloride by the action of phosphorus piuitachloride 
on the sulphites is not conclusive evidence of their constitution b(‘<‘4iust'. a,n unstable 
metal chlorosulphonate, say NaClS02, may be momentarily foniuul, to decompose 
immediately into the metal chloride and sulphur dioxide, which laititn' is acted 
upon by phosphorus pentaehloride to form thionyl chlorid(n Idiosphorus penta- 
chloride is too drastic a reagent, and attacks both hydroxy] ic and non-hydroxyl io 
radicles, and it is not therefore so satisfactory a test for the constitution of an 
acid as is obtained by the action of phosphorus oxychloride on the- sodium salts, 
since this reagent employed by L. Ohiozza does not confound the two kinds of 
radicles except in special cases, where at high temp, it is ])robably d(JC()niposed 
into the pentaehloride and pentoxide : bPOCls—P^Os+^l^^lr)- appears to 

he the case in the action of phosphorus oxychloride on boron oxide which was 
shown by G. Gustavson to furnish boron chloride and a product formed by the 
union of phosphorus pentoxide and boron trioxidc. However, phosphorus 
oxychloride has little if any action on the dry sulphites— sodium, calcium, and 
lead. E. Divers represented the reaction : P0Cl34-3Na{Fa0)802=^3NaCl+3SO2 
4-(NaO)3pO. At a higher temp., the products of the decomposition of the 
phosphorus oxychloride — ^P205 and PCI5 — react with the sulphite : 6C$jS0$ 
-f2P205-^2Ca3(P04)2+6802,*' followed by H. Schifi's reaction: SO2+PCI5 
—SOCls+EOClg, so that three-fifths of the original phosphorus oxychloride is 
regained. In spite of the formation of tnionyl chloride during the reaction between 
phosphorus oxychloride and the sulphites, the presence of two hydroxyl groups 
cannot he established in this way. 

It has been said that the sulphites are analogous to the carbonates in virtue of the 
fomaul® (IIO)aSD and (HO)aCO, but the ready oxidation of the one and not of the other 
suggests a oifierent constitution unless it be remembered that sulphur can pass from a 
qxiadri- to a sexi-yalent state while carbon cannot ; it has been claimed further that the 
symmetric sulphites are analogous ,to the formates, and that the sulphxiryl SOa-radicle 
In the one is analogous with the carbonyl CO-radicle of the other, and that when oxidation 
occurs, it IS the hydrogen attached to the stilphuryl and carhom?'! radicles respectively, 
which is oxidmd : 

l^SO, ^g>SO, HO?^^ HO>°® 

Sulphite. Sulphate. Formate. Carbonate. 
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so that the carbon analogy reacts between sulphites and formates, and between sulphates 
and carbonates ; and the same analogy has been extended to the dithionates^ (SOa.OH),. 
and oxalates, (CO.OH)2. 


E. Divers also quoted the observations of R, Otto, and W* Spring on the 
reduction of the alkali di- and tri-thionates, and thiosulphate by sodium ; E. Divers 
and T. Haga’s observations on the reduction of nitrosylsulphonate by sodium ; 
and W. Spring’s observations on the action of sulphur dicHoride and iodine on 
sulphites in support of the asymmetrical formula. This formula was also favoured 
by H. Baubigny, and H. Debus, and G. C. Stokes found that a salt with a monoxylic 
bond does not form a strongly iuorescing salt with quinine, but even quenches the 
fluorescence produced by an oxylic salt. E. Divers showed that a soln. of a 
sulphite or of sulphurous acid at once destroys the fluorescence of quinine, and, 
so far as the test is trustworthy, this indicates the presence of a monoxylic group. 

On the other hand, the mode of formation of thionyl chloride, 0 ; S : Clg, 
from sulphur dioxide, indicates that there is probably no change in the valency of 
quadrivalent sulphur when one of the oxygen atoms of sulphur dioxide is replaced 
by two chlorine atoms, and that each of the oxygen and chlorine atoms is directly 
attached to the sulphur. Like other acid chlorides, thionyl chloride is decom- 
posed by water or alkaline soln., forming sulphurous and hydrochloric acids : 


0=S<. 


Cl 

Cl 




Hi -OH 
Hi -OH 


2HC1+0=S 


^OH 

"'OH 


The reaction is interpreted to mean that sulphurous acid has a similar constitution 
to thionyl chloride ; the two chlorine atoms of the last-named compound have 
been replaced by two hydroxyl groups derived from the water. Hence, it is inferred 
that the two hydroxyl groups of sulphurous acid are directly united with the 
sulphur atom. Otherwise expressed : 

0=s=0 0=S<pJ 

Sulphur dioxide, Thionyl chloride. Sulphurous acid. 


It is commonly assumed that when an atom or group of atoms in a compound is 
replaced hy another atom or group of atoms, the tatter occupies the position vacated 
hy the former without any essential structural change in the arrangement of the other 
atoms. This rule does not mean that the relations subsisting between the atoms 
of the molecule are not altered during the replacement of one atomic group by 
another, for the hydrogen atoms in, say, C 2 H 3 OCI may be more or less easily 
aflected by certain reagents than the hydrogen atoms in, say, C 2 H 30 Br. The 
rule of the constancy of structural arrangement, and the action of water on thionyl 
chloride, make it probable that the two chlorine atoms of thionyl chloride are 
directly replaced by two hydroxyl groups. By neutralizing potassium hydro- 
sulphite with sodium hydroxide or carbonate, and by neutralizing sodium hydro- 
sulphite with potassium hydroxide or .carbonate, two soln. are obtained from each 
of which crystalline potassium sodium sulphite can he separated. A. H. Bohrig, 
and H. Schwicker believed that the crystals prepared by these two diflerent 
processes are diflerent. Both products yield compounds with identical properties 
when the double sulphites are treated with methyl or ethyl iodide in a sealed tube. 
Assume, for the moment, that the reactions can be represented : 


O.H.,KO o 




^0’ 


*+K?>0- 


■“+W>S‘«o 


where the metal directly united to the sulphur atom is aloue replaced by the ethyl 
radicle. Sodium ethyl sulphonate and potassium iodide form the complex salt 
4(C2H5.S02.0Na).KI ; and potassium ethyl sulphonate and sodium iodide, the 
complex salt ^(CjHs.SOa.OKl.Nal, both of which were reported by H. Schwicker. 
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He also said tLat when the isomeric sulphites are boiled with ammoniuni sulphide, 
they are converted into isomeric thiosulphates — sodium (dhyl aulphonate 

yielding sodium eth}d thiosulphate, (C2H5)NaS^03.H20 ; and potassium ethyl 
aulphonate, potassium ethyl thiosulphate, (C2H5)KS203. These statements have 
not been established. K. Barth did obtain difierent products, but the evidence 
is not decisive. It is doubtful if diSerent isomeric potassium sodium sulphites could 
exist in aq^. soln,, even if they were to exist in the solid state ; because, according 
to A. P. Sabaneeff, the reaction : C2H5.S02.0Na-|-Klx=^C2H5.S02.0K“f Nal, 
would probably be reversible. G. S. Fraps, also, could find no difierence in the 
products obtained by H. Schwicker’s reactions ; and he concluded that there is 
“ no evidence of the existence of isomeric potassium sodium sulpilntes.” Conse- 
quently, if two isomeric salts, say : 



OK 

Na 




are capable of existing, the one in which the atom of potassium is directly con- 
nected with the sulphur atom is not stable and readily changes into the other. 
Otherwise expressed, there is at present no definite evidence of the existence of 
two dif erent salts, KO.SO2.Na and Na0.S02.K ; and hence it can be “inferred 
that the graphic formulce of the sulphites correspciid, with two symmetricalli/ placed 
hydroxyl grovLps i?i sulphurous acid, and the formula is accordingly written : 
HO— SO —OH. G, Oddo discussed the constitution in the light of his theory of 
mesohydry. P. Pascal’s magnetic observations favoured the SO(OH)2 formula. 

The rule of the constancy of structural arrangement might here easily lead us 
astray because the fact that no isomerism has hitherto been detected in the com- 
pounds prepared by the two different methods, may be due to the fact that with 
certain radicles only one configuration is stable and permanent. If another 
configuration be momentarily produced it immediately passes into the stabh^ 
condition. Hence, the negative results obtained in the attempt to prepare two 
isomeric potassium sodium sulphites do not prove conclusively that an imsym- 
metrical sulphurous acid is non-existent, although the negative results may prove 
that there is only one stable or favoured configuration of NaKSO^ or of 
under the conditions of the experiment. 

Sulphurous acid, built up from quadrivalent sulphur, is a meta-acid — meta- 
sulphurous acid, (H0)2S0, derived hem orthosnlphurous acid, S(OH)4, by the* 
loss of a mol. of water. The ortho-acid has not been prepared, Wt M. M. Richter 
obtained a number of derivatives — e.g. tiiphenyl chloro-orthosulphite, S(OCoH5)3Cl ; 
ethyl txiphenylorthosulphite, (C6H50)3S(OC2H5) ; etc. 


IVlieii ethyl sulphide, (€2115)28, is oxidized with nitric acid, both ethyl sulphoxide, 
(C* 2^5)280 — melting at 8° — and ethyl sulphone, (C2H5)2S02 — melting at 72 °— are formed : 




s>S 


Ethyl sulphide. 


Ethyl sulphoxide. 


CA 

Ethyl sulphone. 


On the other hand, tothyl sulphoxide, (02115)280, is readily reduced to the sulphide, showing 
that the oxidation, is not likely to have afiected the alkyl groups, but has confined itself 
to the sulphiir atom. Ethyl sulphone has neither acidic nor basic properties ; 100 parts 
of water at 16 ° dissolve about 15-6 parts of the compound. The mode of formation of the 
alkyl sulphides, sulphoxides and sulphones, is supposed to show that both the hydrocarbon 
radicles are Imtod directly with the sulphur. The sulphones are remarkably stable, and 
cannot be readily reduced back to the sulphides. SulphOxyUo add, S2SO2, is unknown, 
hut the sulphones can be regarded as derivatives of an acid of this composition with both 
the hydrogen atoms directly imited with the sulphur atom ; whereas the so-called sulpMnic 
acids are derivatives of an acid of the same composition, but with one hydroxylic oxygen 
and one univalent hydrocarbon radicle, R, attached directly to the sulphur atom : 

R>SOa or 


Alkyl sulphone. Alkylaulphinlc acid. 

The al^l s^pMme acids, R.SO.OH, are usually liquids which rapidly oxidize to suljjhqnic 
acids, R.SOg.OH, on exposure to air ; and, unlike the isomeric sulphones, they are oxidized 
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by potassium permanganate and acetic acid to sulplionic ethers, it. SO o. OK,. The action 
of zinc ethide, (C2H5)2Zn, on sulphur dioxide furnishes Zinc ethylsulpllinate, (C2H5.SO.O}2Zn ; 


C,H, 


CA-S0.0^2n 


-SO.O" 


The transformation of benzenesulpMnic aeid, CgHg.SO.OH, into benzenesulpliomc chlorides, 
CgHs.SO.Cl (sulphur quadrivalent), by the action of phosphorus pentachloride, seems at 
first sight to exclude the formula C6H5.SO2.H (sulphur hexa valent), for benzene sulphinic 
acid, unless a consecutive series of reactions of this kind occurs : 




-OXa 


CcH^ 

Cl 


s>S 


^'ONa 




When ethyl mercaptan, CoHg.SH, is treated with nitric acid, it is oxidized to a derivative 
of sulphurous acid, ethyl sulphonic acid, C2H5.SO2-OH, discovered by C. Lowig. Organic 
chemists consider that the aliiyl radicle is directly united vdth the sulphur because of its 
mod© of preparation, and also because it can be reduced back to mercaptan, C2H5.SH, by 
zinc and hydrochloric acid: C2H5.S.H-f-02=C2H5.SO.OH. The presence of a hydroxyl 
group in ethylsulphonic acid is inferred because it yields ethylsulphonic chloride, 
C2H5.SO2-CI, when heated with phosphorus pentachloride ; and ethylsulphonic chloride 
re-forms ethylsulphonic acid when hydrolyzed. The sulphonic acids contain the imivalent 
SO 2OH -group with the sulphur atom directly united with a hydrocarbon radicle. In 
illustration, phenylsuiphonic acid, or henzenesulphomc acid, CeH^.SOs-OH, is formed by the 
action of cone, sulphuric acid on benzene, CqHb, thus CaHe+HO.SOa.OH-^CsHs.SOo.OH 
+H2O ; and hence, it is concluded that the residue SOoOH of the sulphonic acids is the 
residue of sulphuric acid. This is further confirmed by the formation of cliiorosulphonic 
acid, Cl SO2.OH, from sulphuric acid, and the re-formation of sulphuric acid when chloro- 
sulphonic acid is hydrolyzed ; and by the formation of benzene sulphonic acid from cliloro- 
Eulphonic acid and benzene : Cl.SO 2-OH -i-CeHQ-^CcH^.S02>OH -{-HCL 

When the sulphonic esters are fused with the alkali hydroxides, the corresponding 
alkali sulphite and alcohol is formed : C2H5.S02.0C2H5-f KOH-^KsSOa-f-CaHg.OH ; it 
is not hkely that the alkali here deoxidizes the sulphuryl or SOo-group to a thionyi or 
SO-group, and accordingly it is inferred that the alkali sulphite contains the SO 3-group, 
and has the formula KO.SO2.K. In A. Strecker’s and W. von Hemilian’s reactions a 
sulphite is converted into a sulphonate, and this is interpreted : (NH4O.S02)XH4 -fC^HgCl 
->(NH40.S02)CQH5-|-hrH4Cl, for it is thought unlikely that phenyl chloride, OgHgCl, can 
oxidize a SO-group into a S02*group. According to H. E. Armstrong and A. K. IVIiller, 
the benzenesulphonates can be hydrolyzed to sulphates : C6H5.HS03-f-Il20-^CaH5.H 
-j-H2S04 ; and since some of the sulphites can be similarly hydrolyzed to sulphates : 
Ag2S03-hH20->2Ag-f H2SO4, it is suggested that the sulphates, sulpliites, and sulphonates 
all contain the radicle SO 3. 


NaO 

NaO 


>S02 


NaO 

Na- 


>S02 


Sulphate. 


Sulphite. 


Sulphonate. 


There is probably a similar relation between the sulpliinates and sulphites as that 
between the sulphites and sulphates, for K. Otto andH. Ostrop found that sodium benzene 
sulphinate, CeH5.SO2.Na, reacts with sodium hydroxide at 250°-300°, forming sodium 
sulphite and benzene, a reaction which E. Divers interprets : OsHg.SOa-Na-f NaOH 
->C5H6.H+Na0.S02.Na, and he argued that the constitution of the sulphinate cannot be 
CoHg.SO.ONa because of the formation of C6H5.SO2.Cl when treated with phosphorus 
pentachloride. The subject was discussed by W. Strecker and P. Spitaler. 


If sulphurous acid has the structure (HO)2SO, it lyiight be expected that the 
alkyl sulphonic acids obtained by treating the sulp^tes with the alkyl iodides 
would have an analogous formula. This is probably not the case. Silver sulphite 
with ethyl iodide form ethyl ethylsulphonate which on hydrolysis forms ethyl- 
sulphonic acid analogous with the acid obtained by the hydrolysis of mercaptan. 
Accordingly, it has been argued that the sulphites are salts of an unsymmetrical 
sulphurous acid, viz., HO.SO2.H. It is possible, however, that the formation of, 
say, potassium ethyl sulphonate, C2H5.SO2.OK, from, say, a symmetrical potassium 
sulphite, (K0)2S0, by the action of ethyl iodide, C2H5I, is due to the passage of 
quadrivalent sulphur in the sulphites to hexavalent sulphur in the sulphonic 
acids : 


KO 

KO 


>S= 


0 


Sulphite. 


KO 

KO 

C0H5 




A 

‘^O 


Intermediate addition 
product. 




Sulphonate. 
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As shown by L Micliaelis, C. W. Blonasirand, C. A. Barl)iii^lia, W. Sarow, and 
W. A. Dixon, there is iinimpcachaMe evidence of the exist(‘nc(‘. of symmetricai 
and asymmetrical ethyl sulphites. Symmetrical ethyl sulphite, (ColI^OliiSO, is 
a liquid of sp. gr. 1 ' 1063 ( 0 °), boiling between 150 "^ uTid 158 - 5 ^ (700 nmi.), and it 
is a salt of the symmetrical sulphurous acid because it is forniecl by the action of 
alcohol on thionyl chloride, SOUI2, or sulphur chloride, SCl^ ; the isomeric un- 
symmetrical ethyl sulphonate, 02115.802.002^15 a liquid with a sp, gr. 1 - 17 12 ( 0 °), 
and boiling between 213 ° and 2 J 4 °. On hydrolysis with alkali {sapoiiification) the 
equivalent of only one ethyl group is removed per molecule of the iinsyinnictrical 
diethyl sulphite or ethyl ethyls ulphonate : C2H5.S02.002H5-1- 10OH-^C2H5.8O2.t)R 
4-C2H5OH ; whereas with symmetrical diethyl sulphite, two^ ethyl groups are 
displaced: (C2H50)2S0'i-2K0H->(K0)2S0-+2C2H'50H. It is not unlikely that 
under certain conditions, and by the action of certain reagents, the position of a 
hydrogen atom in the molecule can change so that it behaves chll’crcntly under 
one set of conditions from what it does under another set of conditions. As a 
result of the roving or wandering of the hydrogen atom, wlicu the attempt is 
made to prepare a compound by a likely reaction, another substance different 
from that which is expected is obtained although its chemical composition is the 
same. The phenomenon appears an exception to the rule of the constancy of 
structural arrangement. As usual, the supposed phenomenon has been given a 
name, tautomerism (C. Laar) — from. rauTo, the same ; fjcepos, u part— and also 
the alternative name, desmotropism (P. Jacobsen)~from Sepios', a liorid; rpimiv, 
to change, A substance is said to he tautomeric or dcsmoirofic when it can react 
with other substances in such a way that it apjfiears to he a compound with different 
constitutional fo rmulce. 

2^. Bland and J. F. Thorpe propose to restrict the term iantomerism to those substances 
exhibiting the phenomenon under consideration where one individual is not stable onoagh 
to be isolated in a free state ; and desmotropism to cases in which equilibrium niixtnros 
of both forms are produced — which it may or may not be possible to isolate. Sulphurous 
acid may be an example of the former ; and hydrogen sulphido of tho latter. The term 
structural isomerism is applied to cases where both isomers are stable so that they can be 
isolated and do not form equilibrium mixtures at ordinary tomperaturos. Tho terms are 
commonly employed in a general sense without any implication as to the particular type 
of desmotropism. 

Ie any given system, tho two desmotropic modifications of a substance are in 
a state of equilibrium which is so very sensitive to external influences that the one 
modification readily changes into the other. A desmotropic change is thus an 
intra-molecular phenomenon which lends itself to observation only under excep- 
tional conditions. It may be supposed that the position of a hydrogen atom in 
the molecule of sulphurous acid is labile, not rigid, because it can takci up two 
difierent positions with respect to the. other atoms. The change in the position 
of the hydrogen atom is accompanied by a change in the character of the linkages. 
In the present case, we have possibly : 

^ .OH 


This hypothesis is employed by H. B. Easmussen and S. . Werner to explain 
anomalies in the rate of alkylation of sodium sulphite, F. Easchig represented 
the formulae for sodium sulphite : 


O 

A>S=^ 0 and 
ITormal sulpmte. 



Na 

ONa 


Iso-siilphite. 


He said that the fact that the normal sulphites do not react with nitrites is 
explained by die^ sterische Behinderung or steric hindrance^ meaning that owing to 
the central position of the sulphur atom in the molecule it is surrounded By other 
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atoms so that it cannot take part in reactions which it otherwise would do were 
it not so masked. He said that the asymmetric formula is supported by the 
formation of amidosulphonate in the reaction : hrH20H.HCl-f-H.S02-0Xa 
=H20+HCl+HH2.S02.0IS'a ; at the same time, ammonium sulphate and nitrogen 
are formed- It is assumed that the sulphurous acid is mainly present in the 
tautomeric form H2 : SO2 : 0 , which, by replacement of the hydrogen atoms may 
form diamidopersitlphuric acid, (ISril 2 )oS 02 : O, which oxidises two mols of hydroxyl- 
amine yielding nitrogen and sulphamide : (NH2)2S02 : 0+2hrH20H=ISr2+oH20 
+(NH2)2S02, and that the sulphamide decomposes into ammonia and amido- 
sulphonic acid. He estimated that in an aq. soln. of sulphurous acid, two-thirds 
is present in ‘the asymmetric form and one-third in the symmetric form. The 
diherence of the two is shown by the reaction with chloroamide, which in the 
former case yields sodium chlorosulphonate, and in the latter case amidosulphonate. 

The existence of two distinct series of sulphites does not necessarily mean that 
there are two different sulphurous acids, for there may he but one stable configura- 
tioii of the acid itself under the conditions of the experiment. Evidence of slow 
and rapid changes in the arrangement of the atoms in a molecule is not wanting. 
The passage of ammonium cyanate, NH^OCIST, into urea, CO(NH2)2> is a trite 
example. There is a small difference in the refractive index and sp. gr. of ethyl 
acetoacetate when freshly distilled under diminished press, and after it has stood 
for some time : e.g. the refractive index (C-line) and sp. gr. of the freshly distilled 
compound are respectively 1*4165 and 1-0244 ; and after standing 20 hrs., these 
constants are respectively 1*4171 and 1 * 0247 . This shows that some inter- or 
intra-moleciilar change takes place on standing. 

As indicated in connection with the oj)tical properties of sulphurous acid, the 
work of C. S. G-arrett showed that sulphurous acid may change in aq. soln. in 
accord with the scheme : {n — 1)H20-|-H2S03^S02.?^H20. J. A. Friend, 
using dots to represent what he calls latent valencies — 1 . 5 , 14 — and lines for free 
valencies, represented sulphur dioxide : 



— vide infni, sulphur trioxide. The latent valencies here mutually saturate one 
another, and there is little tendency to form hydrates ; the equilibrium condition 
with water is represented : 




.-O 


rv C 2 H 


This accounts for the instability of the acid, and the fact that its soln. exhibits 
the properties of the dioxide. I. Smedley applies the theory of latent valencies 
by representing the constitution of sulphurous acid ; 

OH 
OH 



H. Remy discussed the structure of sulphurous acid- According to J- J, Thomson, 
sulphur dioxide is an example of intramolecular ionization — vide 4 . 27 , 4 ; and 
hyposulphurous acid. T. M. Lowry represented the sulphite radicle, : 

: 0 : 0 ~ 

:0:S;0: 0“— S + — 0“ 


H. Burgarth also discussed the electronic structure, 
sulphurous acid : 


HO 

HO 
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E. E. R. Prideaux gave for 


li. 
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The physiological aetioii o! siilpliiir dioxide.--?. C. Calverts^"* foimd tiiat a 
sola. I : lOOO does act afiect protoplasmic life or fungi. According to M. Ogata, 
sulplniroas acid under all conditions is a powerful poison; a soln. with only 
0-04: per cent, produced, after a few hours, a dyspmea aji<l darkening of the cuticle. 
The injurious action is mainly on the blood where the ahsorlxMi acid is converted 
into sulphuric acid. This action was not observed with sulphites. Diluttnl blood, 
decolorized ^itli sulphur dioxide, shows no spectral ahsoipiion hands. H. Kionka 
found that relatively small pro])ortions of sulphur dioxide in the atan, proved fatal. 
Doses of 0-02--0-04 grm. of sodium sulphite inject(‘d into frogs t)aralyz(‘ t]i(> lu'art 
the central, and to some extent the peripheral nervous system. Dogs fed on th<‘ 
salt, or onfood preserved by its use, suf or from injuries to vjirious organs, especially 
the lungs and lodneys ; there is local irritation of the si oniaeh, and a fall of blood 
pressure, and hsemorrhages tend to occur. The use of the salt/ as a ])r<iservativ(‘ 
IS most reprehensible. L. Griinhut said that the comijarative toxicity of siilphit(‘. 
soln. depends on the quantity of [H 2 S 03 ]+[S 02 ] contained tliorein. F. Franz 
and G. Sonntag found that sulphurous acid occurs in the urine after the adminis- 
tration of neutral sodium sulphite and formaldehyde, acetaldidiyde sodium sulphite, 
and dextrose sodium sulphite. In men, as in dogs, by far the greatest part of the 
injected sulphite is oxidized to sulphate. In certain casc;s, after intervals of ten 
minutes or a quarter of an hour, sulphites can be detected in ilio urine. The 
quantity was, howeyer, never more than 1 per cent, of the sulphite adininisterecl. 
According to J. Konig and J. Hasenbaumer, a carp weighing 195 grms. and a 
tench weighing 48 grms. were not injured by 17*5 mg. of calciiirn sulphite pei’ 
litre ; but 20-30 mg. of free acid and 30-50 mg. of calcium hydrosulphito an*, 
injurious. Goldfish are somewhat less sensitive. The trees in an atm. containing 
sulphur dioxide, as occurs, for instance, in the neighbourhood of smelting works, 
sufi’er severely. According to J. Schroder, the coniferiu suHer more injury than 
ordinary foliaged trees. The number of stomata on the leaves hears no proportion 
to the amount of gas taken up. The sulphur dioxide disturbs the normal relation 
between absorption and transpiration of water, and the water taken up goes 
to the veins, and is not transmitted further. A decrease in the amount of the 
gas caused less disturbance in the amount of transpired water, tiiough no simple 
proportion betw'een the amount of the gas and of decrease was indicated. The 
amount of sulphur dioxide taken up hy the leaves in the dark and with a lower 
temp, and moister air, is smaller and its injurious efccts much less marked than 
in the light and with higher temp, and moister air ; therefore the same amount of 
sulphur dioxide in the air is much less injurious to plants during the night than 
in the daytime. The amount of sulphur dioxide absorbed hy pinc-lcaves is 
smaller than that al)sorhed by trees with ordinary foliage for equal surfaces, and 
as its effect on transpiration is less in the case of the pine, the cause of the greater 
injury to pine trees in nature must be due to the longer duration of the leaves, 
whereby the injiuy accumulates in them, whilst in trees with annual leaves the 
hurt to one year’s foliage would have only an indirect influence on that of the 
following year. The alder, sycamore, ash, and especially maple, best withstand 
the action of smoke containing sulphur dioxide ; next the pines suffer more than 
other trees, owing to the fact that, although their aensitiveness at first is less than 
that of other trees, their power of restoring lost leaves is much less. J. Stoklasa 
found that a small proportion of sulphur dioxide diminishes the carbon dioxide 
output of young pines ; and the larger the proportion of sulphur dioxide the less 
the respiratory activity. The pine needles show a bleaching of the chloroplasts. 
According to J, Konig^and J. Hasenbaumer, the presence of sul])hurous acid and 
calciam hydrosulphite in soils increased the total ash of plants and the percentages 
of p>otassiuni, calcium, and sulphuric acid in the ash. The same effect has been 
observed when plants have been exposed to air containing sulphur dioxide. In 
water-cultures. 50 mg. of sulphurous acid or calviinn hydrosulphito per litre 
killed the plants in a short time. According to A. 8tdckhur(it, in an atm. con- 
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taining sulphur dioxide, tlie destruction of the chlorophyll-grains in Tf'heat, 

oats, and peas, appears in a few hours , but, curiously, in a dilution of no 

injury takes place. Cabbages, and all plants having large strong leaves, are less 
afiected. The fir tribe are far more susceptible to sulphur dioxide than deciduous 
trees ; of the latter, white-thorn, beech, birch, and fruit trees are most affected ; 
poplar, alder, and mountain-ash least. Wood smoke has no injurious effect 011 
vegetation, hut the smoke of coal and of some kinds of turf is very prejudicial ; 
the injury is due to the sulphur dioxide produced on conihiistion. The leaves 
and twigs of trees poisoned by coal-smoke contain an abnormal amount of sulphuric 
acid. it. R. Tatiock and R, T. Thomson stated that the mere fact that sulphates 
occur in plants in excess of those grown in a pure atm. is no proof that aiij" damage 
was caused to the plants hy the acids of sulphur. They conclude that such damage 
can be assumed only if the percentage of SO3 is considerably in exc^^ss of that 
normally present in the plants ; and if, on wetting the surface of the plant with 
water and litmus, a leaf or other part of the plant shows an acid reaction. Xeast 
can be acclimatized to sulphur dioxide. According to G-. Gimel, the ada]3tion of 
yeast to sulphurous acid shows itself in its increased oxidizing power. A com- 
bination of sulphur dioxide with the yeast cells occurs since the percentage amount 
of sulphur in the ash of acclimatized yeast is greater than with ordinary yeast. 
The presence of potassium carbonate is favourable while that of calcium dihydro- 
])hosphatc is not. 

F. C- Calvert ^7 found that the presence of part of sulphurous acid wdth 

albumen prevented neither the production of protoplasmic life nor fungi. Sulphur 
dioxide has been compared with numerous other disinfectants, and it has been 
found that many disease germs resist its action for a long time — e.g. E. Baierlacher, 
T. Bokorny, T. Chiaromonte, H. Diibief and I. Bruhl, V. Fatio, F. Hatton, 
G. Linnosier, A. Mehlhauscn, A. L. A. Wernich, P. Miquel, F. Ravizza, H. Trenibux, 
A. L. A, Wernich, and R. Wiscliin. The use of sulphur dioxide, and sulphites in 
the preservation of food-stuff s has been discussed by H. Schmidt, C. Grimaldi, 
and A, Kickton. M. Jacoby and H. Walbaum condemned the use bf sulphites as 
food preservatives. The sulphurous acid is liberated in the organism — chiefly by 
the gastric acid, and it produces paralysis of the central nervous system. The 
presence of sulphur dioxide in sulphited, or sulphureted wines was discussed by 
A. Hubert, W. Kerp, J. Gautrelet, etc. 

Some uses o£ sulphur dioxide. — The reducing properties of sulphur dioxide and 
of the sulphites are utilized in numerous chemical operations. It was recommended 
by R. Pictet^^ for the liquid of refrigerating machines. A large amount of sulphur 
dioxide is used for the manufacture of sulphuric acid, and for acid sodium or calcium 
sulphite required for the wood-pulp industry. Over half the wood used for paper- 
making is converted into pulp by the sulphite process. Sulphite soln. under press, 
and at a high temp., acts on the lignin and other incrustating matters breaking 
them down into ] 3 rodaots soluble in the sulphite-liquor. It is also used as an anti- 
chlor in paper bleaching. It is used in the textile industries as a bleaching agent 
for wool, and to a limited extent for cotton and silk ; it is also used as a bleaching 
agent for straw, basket-ware, sponges, feathers, starch, etc. It is used for bleaching 
and dissolving the red phlobaphenes of tanning liquors and thus improves the colour 
of the leather — at the cost of the so-called solidity and weight of the leather. It is 
also used in the softening and deliming agents for hides and skins in tanneries. 
It is not emx>loyed so much as formerly as a disinfectant and antisexitic, thus it is 
employed in lotions for parasitic cutaneous aflicctions, and in sanitary sciences as 
an after-fever fumigating agent ; in combating vermin ; and as a x>reservative 
and anti-fermenting agent in the food-canning industry. It is used as an anti- 
septic and bleaching agent in the manufacture of glue, gelatine, etc. It is used iii 
the rubber industry to prevent premature coagulating of the latex between the 
time the Hevea rubber tree is tapped, and the latex reaches the coagulating tanks 
in the factory. It also retards the action of oxidases present in the latex which 
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would otherwise produce a discoloured rubber prone to tackiness. It is used for 
fumigating wine casks ; and sulphur dioxide in any form is said to be advantageous 
in wine-making ; for sterilizing fermenting vessels and as a germicide in the 
brewery industry ; there is an increased yield of glycerol and decreased yield of 
alcohol when sodium sulphite is present in a mixture of yeast axid sugar, and the 
fact was for a time utilized in manufacturing glycerol. In the manufacture of 
sugar for decolorizing and sterilizing crude sugar juices and glucose, sulphites 
and bisulpliites act specifically in (i) preventing fermentation and forming colour- 
less bodies which keep the juices in a state of reduction since oxidation products 
darken the colour of the cane-juices ; (ii) coagulating and precipitating albuminous 
and gummy bodies not afiected by heat ; and (iii) assisting filtration. It is used 
in the preparation of aldehydes ; perfumes, dyestuSs — e.p. for replacing the amido- 
groups of naphthylamines by hydroxy-groups ; photograpliic developers fox 
preventing the oxidation of the pyrogallol, hydroquinone, etc. ; it is used directly 
in dyeing mainly because of its forming definite soluble compounds with the 
insoluble ketones — e.g, alizarine blue S, and alizarine green S. It is used as a 
stripping agent for dyed goods; in conducting sodium in some electroplating 
soln. ; as a pickling agent in electroplating ; and in the manufacture of hypo- 
sulphites, and thiosulphates. 
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§ 16. The Alkali and Ammonium Sulphites 

J. S- Muspratt ^ passed sulphur dioxide into cone. aq. ammonia until the ammo- 
niacal smell had vanished ; and added alcohol to the liquid. He thus obtained 
a mass of white crystals which had a feeble animoniacal smell, and whose composi- 
tion was represented by the formula 6NH3.2SO2.5H2O, or {NH4)2S03.NH40H.H20 ; 
neither J. C. G. de llarignar, nor A. Eohrig could obtain the hasic salt — the product 
was the moiiohydratt‘ of the normal salt. Anhydrous ammonium sulphite, 
(NH4)2S03. was prepared hy K, de Forcrand, hy heating the monohydrate for some 
hours at 130 '^-' 140 ° in a t iirrent of dry hydrogen ; P. J. Hartog, by evaporating the 
aq. soln. by heat ; and E. Divers and M. Ogawa, by keeping the monohydrate in a 
desiccator filled with aiuinotiia gas over fused potassium hydroxide ; and by heating 
dry ammonium thiosulphate in an atm. of hydrogen at 150 °. The salt seems to 
sublime at 150 ° — presumably an efiect of dissociation and recombination tyhich 
E. Divers and M. Ogawa cb 1\ pseiido-siiblimation, A. F. de Fourcroy and L. N. Yaii- 
quelin passed sulphur dioxide tliroxigh an aq, soln. of ammonia ; combination occurred 
■with a rise of temp. The soln. furnishes crystals of the monohydrate, which, accord- 
ing to J. C. G. de Marignac, are best obtained by cooling the liquid, or hy precipita- 
tion with alcohol. A. Eohrig added that if the liquid he not cooled during the 
passage of the sulphur dioxide, the temp, may rise high enough to form the pyro- 
sulphite. Some writers afiirm and some deny that normal ammonium sulphite 
can be obtained by evaporation. E. Divers and M. Ogaw’a said that a cone. soln. 
of the salt, charged with ammonia, will deposit the normal sulphite on evaporation 
over potassium hydroxide at ordinary temp., and the moderately cone. soln. of 
ammonia, which must be used, has to be kept very cold while passing in the sulphur 
dioxide. If a dH. soln. of the salt be evaporated, most of the salt is decomposed. 
They recommended instead of evaporating the soln. to take advantage of its low 
solubility in the presence of such ammonia : 

A soln. of ammonia of sp. gr. 0-895, containing 28 grms. NH 3 per 100 c.c. is treated with 
sulphur dioxide, while the containing flask is kept in motion in a mixture of ice and salt, 
the tube conveying the sulphur dioxide not dipping into the soln. The formation of a 



Fig. 55. — Solubility Curves of the System : Fig. 5G. — Equilibrium Conditions for 

NH 3 -S 02 -H 20 at 0*^. (The dotted line the System ; NH 3 -SO 2 -H 2 O. 

is the curve for 60°.) 

very little orange-coloured matter in the neck of the flask cannot be avoided, but this can 
be easily removed afterwards. When the soln. has become pasty from deposition of crystals 
of ttie salt, the passing of sulphur dioxide is stopped. Even at the common temp the 
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crystals do not sensibly dissolve in presence of the excess of ammonia. Tlie salt, drained 
on a tile under close cover, can be dried either by filter-paper or by a short exposure in tho 
desiccator over potassium hydroxide or carbonate, salted jiist 
before ■vrith ammonium chloride so as to maintain an atm. charged 
with ammonia. The product is eq. in quantity to about one- 
fourth of the ammonia taken. 

P. de Lackomette passed an excess of sulphur dioxide into 
the ammonia, added more ammonia to convert the acid salt 
into tke neutral salt and cooled the liquid for crystalliza- 
tion ; while E. de Forcrand passed the sulphur dioxide into 
the cone. aq. ammonia until the soln. was nearly neutral, 
and then cooled the liquid — ke said that tke product is 
(11114)2803. 1'IHgO. E. Torres and E. Hahn found that the 
salt is only tke monohydrate. They made a partial study 
of the ternary systenn : NHs-SOs-HgO. The curves at 0°, 
20°, t0°, and 60° show a number of discontinuities. Figs. 
55 and 56, which do not correspond with any perceptible 
^ ^ ^ change in the solid phase. Tke only solid phases in equi- 
bility of Aminonium librium with the soln. are the monohydrate, (NH4)2S03.H20. 
Sulphite in Water. and the hydrosnlphite, (NH4)HS03, in the region 6f excess 
sulphur dioxide. A selection from the results is shown in 
Table IV, where concentrations are expressed in percentages. The results for 
the four temp, are plotted in Fig. 56. F. Ishikawa and H. Murooka measured 
the solubility of the salt between —13° and 100°. The transition point for 
(]SrE4)2S03,H20F^(NH4)2S03+H20 is 80-8°. The solubility data, expressed as 
S grms. of (1014)2803 in lOO c.c. of soln., are : 

-1'73= -12-96® — 6'55'® 0® 20® 50® 80" OO® 100® 

S . . 4*691 28-855 30-62 32-40 37-80 47-26 58*89 60-00 60*44 

Solid Ice (ra4)3SO3.H20 (XH 4 ) 2 S 03 

The results axe plotted in Fig. 57. 



TaBXE IV. ^ISOTHEKMS OX THE SYSTEM : KHa-SOa-HgO. 


Solid Phase. 

0 ® 

-v 

CO®. 

Solution. 


Solution. 


SOa 

NHs 

(M4),S03 

Excess. 

SO 2 

NH 3 

(KH^) 2 S 03 

Excess. 


17-47 

9-66 

32*93 

0 

27-60 

15-21 

50-07 

O- 63 NH 3 

(]Sni 3 ) 3 S 03 .H^O . 

27-19 

10-74 

36*63 

6 - 99 SO 2 

3415 

15-40 

62-52 

5-18802 


41*78 

13-44 

45-83 

I 6 - 5 OSO 2 

44-16 

16-61 

56-64 

12-9280; 

2 solids - . i 

42*48 

13-28 

45-28 

17-50SOa 

45-02 

19-96 

57-83 

22-12802 


46-68 

12-66 

43-17 

22-87S02 

46-99 

16-38 

65-87 

16-1980. 


49-70 

12-42 

42-35 

26-34802 

53-29 

15-90 

54-22 

23-1280; 


53-46 

1148 

39-14 

31-87SOa 

66-27 

14-86 

50-67 

28-32802 

1 

14*40 

11*63 

26-11 

3 - 97 NH 3 

26-24 

16-13 

47-58 

2-18OT, 

(NH,),SO,.HaO . 

39*21 

39-86 

17-08 

19-02]SrH3 

31-40 

27-56 

66-92 

10-87NH; 


15-00 

29-12 

27-19 

2M5]SrH8 

21-60 

24-70 

38-99 

is-saNHj 


J , S. Mnspratt passed ammonia and moist sulphur dioxide into absolute alcohol, 
and allowed the mixture to stand two days before drying the product between 
hlter-paper. A. Eohrig passed the two gases into a soln. of alcohol and ether, 
and obtained the sulphite as a sandy powder. B, Scheitz observed that some 
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sulpMte is formed in the ammoniacal liquid of a gas-works by the oxidation of 
ammoniiim thiocyanate ; and E. E, Carpenter and E. Linder observed that a little 
is found among the products of the reactions in Clans’ Min. In K. Buikheiser’s 
process the ammoniacal gas from the gas-works, etc., is passed into acid ammonium 
sulphite soln. This salt is very soluble, and, as it is converted into the normal 
salt, (NH)4)2S03.H20 is precipitated. The process was discussed by E. Torres and 
E. Hahn. Patents on tMs subject were obtained by E. Laming, W. Marriott, 
W. C. Young, A. P. Price, A. McDongail, W. H. Beck, E. Wolf, P. Fritzsche, and 
J. and J. Addle. 

Analyses of the salt in agreement with (1S[H4)2S03.H20 were made by J . S. Miis- 
pratt, J. C. G. de Marignac, A. H. Eobrig, and P. G, Hartog. According to 
J. C. G. de Marignac, andC.F.Eammelsberg,tbe tabular crystals of the monohydrate 
are monoclinic with the aMal ratios a : 6 : c=l*5276 : 1 : 0*7832, andj8=97° 59', and, 
according to E. Terres and E. Hahn, the crystals appear in the habit of long thin 
needles of rhombic section. The sp. gr. at 25® is 1*4084 to 1*4124:. E. Ishikawa 
and H. Murooka gave for the sp. gr. of some sat. aq. soln. at : 

0 ® 10^ 20 ® 30® 40® 50“ 60® 70° 80° 

Sp. gr. . 1-1792 M896 1*995 1-2097 1-2203 1*2306 1-2429 1*2558 1*2716 

J. S. Muspratt said that the crystals are very deliquescent ; J. 0. G. de Marignac, 
that they are not so ; while B. Divers and M. Ogawa foimd that the salt deliquesces 
in air owing to the fact that it evolves ammonia and becomes converted into the very 
deliquescent p^rrosulphite. In a dry atm., the salt becomes anhydrous without losing 
ammonia. A, E. de Fourcroy and L. N. Vauquelin said that the salt has a fresh, 
pungent, and rather sulphurous taste, forming, according to E. Terres and E. Hahn, 
a white powder of the sulphate. According to E. de Eorcrand, the heat of formation 
of the solid salt is j (®gas?^Ggas5‘^Hl2gasj^2gfl>s) 

=218*00 Cals. J (S02ffas>2fHH3gas5H2Ggas)^^^4*8 Cals, j (802boin.,2^®^4^^soin.) 
=254 Cals.; {NH4HS05soiii.,NH40Hsoiii.)=21*24 Cals.; {2(NH4)2S,302}=301*2 
Cals. ; ((ErH4)2S03soUd}Il2^iiciiiid)~^’^2 Cals. ; and ((HH4)2S03^oiid}H2^soiid)~d*39 
Cals. M. Berthelot gave (2NH3,oin.,H2SO3)=29-00 Cals. For the heat of soln. of 
one part of the anhydrous sulphite in 60 parts of water at 8®, R. de Eorcrand gave 
—1*54 Cals. ; for the crystals (]SrH4)2S03.1JH20, —5*36 Cals. ; P. J. Hartog gave 
for the nionohydrate, —4*34 Cals, at 13® ; and for the soln. of 3’567 grms. of the 
monohydrate in 4 litres of an eq. of hydrochloric acid, — 7*46 Cals. E. de Eorcrand 
gave for the heat of oxidation, ((NH4)2S03,0)=66-4 Cals. If an excess of aq. 
ammonia be added to the aq. soln., ({HH4)2SO3soiii.,NH4OHsoiii.)=0*46 CaL 
G. Halphen observed that the electrolysis of the ammoniacal soln. furnishes 
the hyposulpMte. According to A. E. de Fourcroy and L. bT. Vauquelin, 
and J. S. Muspratt, the monohydrate volatilizes entirely when heated without 
forming sulphate, and during the action it evolves ammonia and water, and a 
sublimate of what is probably pyrosulpbite. E. Divers and M. Ogawa found that 
when gradually heated in a slow current of nitrogen, at 90®, the salt becomes moist 
and ammonia escapes ; and at 100®, both water and ammonia continue to escape for 
2J hrs. When gradually heated to 120°, the monohydrate becomes converted 
one-third into the anhydrous salt, and one-third into pyrosulpMte, by loss of 
water and ammonia ; and then the nearly stabld complex of these salts, with the 
other third of the original salt, becomes converted into the^ nearly anhydrous 
norma] sulpMte between 120° and 150°, sulphur dioxide and water escaping. 
The presence of water is essential to the occurrence of both changes ; dry 
ammonium pyrosulpbite partly sublimes as such at 150®, and partly changes 
into sulphate and trithionate. If heated more rapidly in an open tube, the 
results will be those obtained by J. S, Muspratt, for then water is more quickly 
expelled, and some pyrosulpbite can be deposited as a sublimate. A. Bineau 
stated that at 134®, the salt blackens mercury without giving ofi gas. A. Miolatti 
and B. Mascetti measured thfe eSect on the conductivity of progressive addi- 
von. X. s 
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tioiis of 0'02]V-alkali to sulpliurous acid of such a strength that 5 c.c. of acid is 
coiiipletely neutralized by 33*5 c.c. of 0*O2A -alkali with methyl orange as 
indicator. These results, illustrated in Tig. 58, agree with 
the existence of hydrosulphito and pyrosulxilnte. J, S. Mus- 
pratt said that the aq. solii. reacts alkaline; and J. S. Mus- 
pratt, J. C. G. de Marignac, and P. de Lacliomette observed 
that the salt is slowly oxidized in air; 1\ I. Ilartog, that 
the dry salt oxidizes more quickly than wlien moist ; and 
E. de Forcrand thought that the alleged hydrate, (NH4)2S03. 
I'l-HsO, is less oxidizable than the monohydrate. Probably 
the "hydrate of E. de Forcrand is the imperfectly dried 
monohydrate. J. S. Stas said that the salt is stable in the 
pircsence of an excess of ammonia if oxygen be excluded. 
A. F. de Fourcroy and L. N. Vauquelin found that nitric 
acid converts the "salt into aniinoniuin nitrate and sulphite 
■with the evolution of nitric oxide, and sulphur dioxide. 
At 12°, the salt dissolves in its own weight of water, and 
it is still more soluble in hot water ; ammonia is evolved when the aq. soln. is 
boiled. H. Stamm studied the solubility of the salt in aq. amnionia, and found 
that soln. -with 0*019, 1*468, and 3*530 mols. of NH3 per 100 grnis. of water 
dissolve respectively 0*500, 0*176, and 0*033 mol. of (!NH4)2S0j. E. Torres and 
E. Hahn found the percentage solubility of the salt in water to be 32*9, 36*5, 42*5, 
and 50*0 per cent. (NH4)2Sd3 respectively at 0°, 20°, 40°, and 60°. The partial 
press., p niin.; of the soln,, expressed in 0 grins, of (NH4)2S03 X)cr 100 c.c. of 
soln., are : 


0 5 JO 15 2Q 25 
cc ofaJkah 

I’m. 58. — ^The Effect 
of the Progressive 
Addition of Alkali 
on the Conduc- 
tivity of Sulphur- 
ous Acid. 


c 


7-42 

15 51 

21*28 

29*70 

44*19 


Total . 

17-325 

17-020 

16.861 

16*747 

16*284 

J 

SO. . 

0*016 

0*030 

0*031 

0-047 

0 064 

^ 1 

N-PI, . 

0-01 

0*10 

0*18 

0-30 

0*51 

1 

HgO . 

17-30 

16-89 

16*65 

16*40 

15*70 

a 


10*53 

19*12 

26-51 

35*13 

45*78 


Total . 

54:-739 

55*274 

55-708 

56*349 

56*728 


SO 2 . 

0-01)9 

0*024 

0-038 

0*059 

0*098 

KH, . 

0-54: 

1 15 

2-06 

3-08 

3*88 


Had . 

54-19 

54*10 

53-61 

53-21 

52*75 

rO 


9*48 

21*60 

30*10 

42-57 

46-05 


(Total . 

137-229 

141*937 

146*759 

149*699 

150*110 

1 P 

SO 2 . 

0*029 

0*037 

0*059 

0*099 

0*110 

ISTE, . 

3*20 

8-40 

13*80 

18*30 

19*5 


IH 2 O . 

134'00 

133*50 

132 9 

131*20 

130*50 


The results show that the partial press, of ammonia and of sulphur dioxide over 
soln. of anmionium sulphite axe almost linear functions of the concentration ; the 
values for^ amnaoma are much higher than the correspionding values for sulphur 
dioxide, but both are sufficiently small, even at 40° and over cone, soln., to permit 
a practically quantitative removal of either constituent from a gas by washing. 
J . S. Muspratt said that the salt is slightly soluble in alcohol ; and J. I. Pierre, 
that it is more soluble in alcohol than potassium sulphite, W. Bidmann, and 
A- Naumanr found the salt to he insoluble in acetone ; and A. Heynsius, that it 
precipitates cgg-albumen. completely from its soln. M. PrudTxommo showed that 
zinc reduces ammonium sulphite to the hyposulphite. J. S. Stas observed tliat the 
salt separates -odine from ammonium iodide or from iodic acid, and in the last case 
some sulphur as formed. F. Ishikawa and H. Murooka observed no evidence of 
the formation i t a chemical compound between ammonium sulphate and sulphite 
in aq, soln, between the eutectic point — ^21*5° and 100°. No solid soln. were 
observed. 
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W. Eidiuaun, and A. Naimiami seem to have had the idea that ailimonilllil 
hydrosnlphite, NH4HSO2, can be obtained. E. Terres and E. Haliu o])tained 
the solid under the conditions indicated in Pigs. 55 and 56. The crystals are 
hexagonal prisms. They form a vrhite powder of sniphate when exposed to air. 
The solubilities at 0^, 20^, 40°, and 60° are respectively 72*8, 7i*5, 80*3, and 86-1 
]jer cent. E. Terres and A. Heinsen represented the iniituai soliibiiities of 
ammonium sulidiate and sul2)hite by the curves. Pig. 59, and tlio^e of amnion him 




Fig. 59. — ^IVIutual Solubilities of Am- 
monium Sulphate and Sulphite. 


Fig. go. — ^ jMutual Solubilities of Aiiiino- 
nium Sulphate and Hydrosulpliite. 


sulj)liate and hydrosulphite by the curves, Pig. 60. In the latter diagram, the 
dotted curves refer to soln. also saturated with sulphur dioxide. No coinphjx 
salts are formed. 

E. Terres and A. Heinsen found that the speed of oxidation of soln. of 
ammonium sulphite or hydrosulphite is reduced with increasing concentration 
of the soln., and hence inferred that the oxidation process is mainly concerned 
with the ionized salt. The rate of oxidation of the hydrosulphite increases wdth 
a rise of temp, more quickly than is the case with the sulphite. A temp, of 
40° to 50° was found to be most suited for the oxidation of the soln. The air 
oxidation of the hydrosulphite is catalyzed by lead dioxide, but no catalyst has 
yet been found to accelerate the air oxidation of the sulphite. If a denotes the 
barometric press, less the partial press, of the ammonia and sulphur dioxide, and 
X the monometric reading in the time f, then the speed of oxidation, with a 
constant mass of sulphite, corresponds with 

, 1 , O' 

Jc==-;Aog 

t a—x 


The value of h decreases with a decrease in the cone, of the oxygen, and an 
increase in the cone, of the sulphite. 

A- P. SabaneeS and W. Speransky obtained silky needles of hydrazine sulphite, 
(N2H4}2H2S03, by neutralizing a soln. of the pyrosulphite with hydrazine hydrate, 
and evaporating the liquid in vacuo over sulphuric acid. F. Ephraim and 
H, Piotrowsky also obtained indications of the formation of a hydrazine sulphite 
by the action of hydrazine on thienyl chloride {q,v.). 

A. Rohrig passed sulphur dioxide into water with lithium carbonate in 
suspension, heat is developed and a yellow liquid is formed. Ncedle-like crystals 
of monohydrated lithium sulphite, Li2S03.H20, are produced hy evaporating tlio 
soln. on a water-bath, or over sulphuric acid, illcohol precipitates a wldte, granular 
mass of the monohydrate. 

J. A. N. Friend and D. W. Pounder obtained the anhydrous salt as a white 
powder by passing a mixture of sulphur dioxide and hydrogen into a cream of 
lithium carbonate and water until effervescence ceases. The product is then 
heated in a current of dry hydrogen at 180° to 200° until the anhydrous salt is 
formed. It melts with partial decomposition at 455°, and some lithium sulphide 
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IS foniied in accoid witli A, Rolirig’s equation. : 4:Li2S03— 31^0^04 Li2S. If 
alcohol or ether he added to a strongly acid soln., A. Rohrig said that the d'lhydraie, 
LUSOgYHsO, is formed; but J. A. N. Friend and I). W. Pounder could not 
prepare the dihydrate. J. Hanson had previously reported a hexahydrate, 
Li2S03.6H20j to he precipitated by adding alcohol, or boiling the soln., but this 
has not been coiifixmed. ISlo lithium hydrosulpkite, LiHSOs, has been obtained; 
but J. A. N. Friend and D, ‘W, Pounder prepared some of its derivatives with 
acetone, acetaldehyde, and benzaldehyde. A. Rohrig reported soluble litMnm 
sodium sulphite, GLi.^SOs.NaoSOa.SH^O ; and lithium potassium sulphite, 
LiKSOsAHoO. 

1. Coniglio 2 found traces of alkali sulphites in the products of the normal activity 
of Vesuvius. A. F. de Fomcroy and L. N. Vauquelin prepared sodium sulphite, 
Na^SOg, by passing sulphur dioxide through a soln. o£ sodium carbonate until the 
carbon dioxide is driven oh, and evaporating the soln. out of contact with air. 
C. F. Eammelsberg saturated a soln. of sodium carbonate with sulphur dioxide, 
added to that an equal amount of sodium carbonate, and evaporated the liquid for 
crystallization. S. L. Sheneheld and co-workers prepared heptahydrated sodium 
sulphite free from sulphate by the following process : 

Carefully purified sulphur dioxide was passed into a soln. of sodium carbonate to satura- 
tion, the requisite amount of sodium carbonate was added to transform the resultant 
sodium hydrosulphite into the normal sulphate, and the soln. cooled to 0°, wliereby a 
crystalline meal of the heptahydrate was obtained. All the operations should be carried 
out in the absence of oxygen and the damp crystals will be free from sulphate. The crystals 
oxidize when kept in. an atm. free from oxygen ; tliis is attributed to autoxidation. 


According to C. Schultz-Sellack, the salt separates from strongly alkaline soln. at 
ordinary temp., and on warming a saturated neutral soln. M. Berthelot saturated a 
soln. of 100 grms. of sodium hydroxide, in 100 c.c. of air-free water, with sulphur 
dioxide, and then added 100 grms. of sodium hydroxide dissolved in as little water as 
possible. The soln. was evaporated in vacuo. P. J. Hartog used a similar process. 
E. Priwoznik converted a soln. of sodium thiosulphate into one of sodium sulphite 
by treating it with copper. E. Payelle and E, Sidler heated dry sodium hydro- 
sulpliite with the calculated quantity of the hydrocarbonate ; G*. Tauber heated 
sodium sulpliite ; and E. Dresel and J. Lenhofi passed an excess of ammonia under 
press, into a soln. of the calculated proportions of sodium chloride and ammonium 
sulphate, at 15°, and obtained anhydrous sodium sulphite as a precipitate; and 
J, Kranz by the action of sulphur dioxide on sodium fluoride and gelatinous silica : 
6NaF-f-Si02^2S02=Na2SiFe-l-2Na2S03. H. Blumenberg treated borax with 
sulphur dioxide when boric acid is precipitated and sodium hydrosulphite is formed. 
The preparation of the commercial sulphite is described in E. Schiitz, Die Darstelhing 
von Bisulfiten und Sxdfiten (Haile a. S., 1911). 

E. Mitscherlich said that sodium sulphite dissolves copiously in water at 
33°, and the solubility decreases with rise of temp., so that, as C. P. Eammelsberg 
observed, the soln. saturated in the cold deposits the salt when warmed. Pi Kramers 
observed that 100 parts of water at 0° dissolve 14*1 parts of salt ; at 20°, 25*8 parts ; 
and at 40°, 49*5 parts, but his salt was not of a high degree of purity. A. P. de 
Fouxeroy and H, N. Vauquelin gave 24*80 for the percentage solubility at 100°. 
Solubility determinations were made by H.B. Hartley and W. H. Barrett, B. Lewis 
and A. C. D. Eivett, D. L. Hammick and J. A. Currie, and by F. Forster and 
co-workers. Analyses of the salt deposited in the cold were made by A. F. de 
Fouicroyand L. N. Vauquelin, J. 0. G. de Marignac, C. F. Rammelsbeig, H.B. Hartley 
and W. H. Barrett, and A. H. Rohrig showed that the heptahydrate, Na2SO3.7H20, 
3s produced. 0. F, Rammelsberg's formula Na2S03.6H20 should in aR probability 
he lla2S03.7H20. J. S. Muspratt reported the formation of a decahydrate, 
Ra2S03.iOH20> said to be less soluble than decahydrated sodium carbonate. 
€. Schultz-Sellack, A. Rohrig, and H. B. Hartley and W. E. Barrett were unable 
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to confirm the existence of the decahydrate althongli the observations of H. Traube 
on the solid soln. of decahydrated sodium sulphite and carbonate make it pro- 
bable that the decahydrate can exist under exceptional circumstances. Expressing 
the solubility, S, in percentages, H. B. Hartley and* W. H. Barrett obtained for the 
stable system : 

~3 5* ~2 77® --0-76® 2“ 5 9“ 10 6° 216“ 47° 60-40° S4° 

s . . IMl 4-04 2-1 12-91 14-98 16-68 21-91 22-96 22-05 22-04 

Solid pliase Ice 17a2S03.7H2O 

The ice-curve cuts the solubility curve at the eutectic — 3-5°, and there is a transition 
temp, in the neighbourhood of 21-6° or 22T°. The transformation is very sluggish 
since 0-8'^ above that temp, only 0*1 per cent, was changed in 20 hrs. The transition 
temp, was found by F. Forster and co-workers to be 33*4"^, and they obtained for 
the solubilities in grams hra2S03 per 100 grms. of soln. : 


S . 


-1-3° 0° 9-20° 19-90° 26-85° 3310° 35-6° 40-0° 66-4° 97-0° 

11-25 12-54 15-60 20-82 24-32 28-06 27-70 26-19 24-06 21-32 

Xa2S03.7H20 NagSOg 


The entectic temp, is —3*45°. The results are plotted in Fig. 61. H. B. Hartley and 
W. H. Barrett found that the conditions under which ice and salt separate spontane- 
ously from supersaturated soln. are summarized by 
the lower curve of Fig. 61. There is a hypertectic 
point at about --9 *2. In no case is there any evi- 
dence of the spontaneous crystallization of any 
hydrate other than ]Sra2S03.7H20. N. B. Lewis and 
A. C. D. Eivett gave 31*5° for the transition temp. ; 

H. B. Hartley and W. H. Barrett, 22° ; F. Forster 
and co-workers, 334° ; K. Arii, 33*6° ; and D. L. Ham- 
mick and J. A. Currie, between 25° and 32°. 

D. L. Hammick and J. A. Currie studied tbe ternary 
system : Na2S03-Na0H-H20 at 0*15°, 20°, 25°, and 
32°. The results for the two extreme temp, are 
summarized m Figs. 62 and 63. At 0*15°, the solu- 
bility of the sulphite in presence of excess of sodium 
hydroxide is very small, and the co-existing solid 
phases are sodium sulphite heptahydrate, anhydrous 
sodium sulphite, and sodium hydroxide tetrahydrate. 

The isotherms at 20° and 25° are very similar except that sodium hydroxide mono- 
hydrate replaces the tetrahydrate. At 32°, however, the sodium sulphite hepta- 
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Eia. 61.— Solubility Curves 
of Sodium Sulphite. 
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Fio. 62, — ^Equilibrium in the Ternary 
System : JTaaSOj-NaOH-HaO at 0-15°. 


H^O 



Fm. 63. — Equilibrium in the Ternary 
System: NaaSOs-HaOH-HgO at 32^. 


hydrate is no longer formed, in agreement with the value 31*5° found by H. B. Lewis 
and A. C. H. Rivett for the transition temp. HagSOa-THO^HaoSOg, but con- . 
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trary to tkc value 22° found ])y H. B. Hartley and W, H. Barrett. Tiie dLs- 
ere])ancies are possibly due to the existence of anhydrous sodium sulphite in 
more than one inetastable phase ; and t-o the fact that the low transition temp, 
of H. B. Hartleys and ^\\ H. Barrett refers to the most stable form of the anhy- 
drous siilpliito. In Fio. G2, sohi. within A/ are in equilibrium with the hepta- 
hydrate ; and tliose within III are in equilibrium with the iuihydrous salt. The 
point H lies very close to the side lEO— NaOH, which means that the solubility, 
of sodium sulphite in an excess of soda-lyc, is very small. The point H represents 
soln. of the anhydrous sul])hite in ociuilihrium with totra hydrated sodium hydroxide. 
At heptahydrated sodium sulphite no longer appears. Ij. Wohler and 

J. Dierkseu found the nnitnal solubility of sodium Buljdnte and sulpliate to be : 


2 $== 40 ^ 60 '^ 80 ^ 

lsm..S 04 . . 0-55 IS’tS 14*21 14*1)5 per ceal. 

KalSOa . . 15*25 16*26 ]6*50 15*15 


Observations wer(‘ also made by N. B. Lewis and A. (h D. Rivett, who also found that 
anhydrous sodium sulphite and sulphate can form mixed crystals of varying 
stabilities, there being three, and })ossibily four, distinct 
inetastable series at 25° and 37*5°. A study of the ternary 
system at temp, at which only anhydrous phases can exist 
is Humniarizcd in Figs. 65 and 66. There are 5 solubility 
curves, A, B, C, D, and E corresponding respectively with 
mixed crystals /Sjj, >Sc, Bin and The jdiaso is 
very short, indicating that the sulphite does not mix freely 
with the sulphate in sola, containing a high proportion of 
sulphate ; with soln. above 10 per cent, of sulphite, there 
is a break and the phase B^ appears. The phase Bq is 
not extensive, hut is greater at 40° tlian at 60°. Bj) is 
metastable with respiect Xo Se I and the phase Sj) is richer 
in sulphate than 6’/?. 

P. J. Hartog showed that the anhydrous salt furnishes 
short, hexagonal, piismatic crystals, which were found by H. B. Hartley and 



Fia, 64. — Mutual Solu- 
bility of Sodium Sul- 
phite and Sulphate. 



Fius. 65 and 66.— The Ternary System: ISraaSOa-NaaSOi-HaO. 


W, H. Barrett to be terminated by a basal plane and pyramidal faces ; they arc 
probably holohedral, with the axial ratio a : c=l : M246. The cleavage parallel 
to the basal plane is perfect. The crystals are strongly birefringent, and cleavage 
fragments show a uniaxial figure of negative character in convergent light, 
crystals of the heptahydrate were shown hy C. F. Rammelsherg, J. 0. G, de 
Marignae, and A. des Cloizeaux to be monoclinic prisms with the axial ratios a :h : c 
==1*5728 : 1 : 1*1694, and ^=93° 36'. H. Txaube observed that this hydrate 
crystals with iieptahydrated sodium carbonate. H. B, Hartley and 
W. H. Barrett found the specific gravity of the anhydrous salt to he 2*6334 at 
lo*i ; and they gave 1*5939 for that of the heptahydrate at 15°. H. J'. Biiignet 
found 1*501 fox the sp. gr. of the hydrated salt. H. G. Greenish and F. A, U. Smith 
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gave 1*21 for the sp. gr. of a soln. sat. at 15^. A. E. de Foiircioy and L. N. Van-* 
qnelin, and C. F. Eammelsberg observed that the hydrate loses water when heated 
below 150° without thereby melting; and at a higher temp., it melts to a 
yeliowish-red mixture of a mol of sodium sulphide, and 3 mols of sulphate. 
H. Reck discussed the efflorescence of sodium sulphite. D. X. Tarassenkoff 
found that the percentage change in weight, Stv, of the heptahydrate in an atm, 
with the press, of water vapour is p mm., at 15° : 


p . 0 20 5-45 

Sw; . -49 58 —4:9-23 

and with the anhydrous salt : 
p . 0 00 9-2 

Sw . 0 0 


9 00 9*45 10-05 (22-7 per cent. H^SO^) 

-5-85 -fO-18 +0-53 -fO-62 


22-7 per cent. H 2 SO 4 


9-7 

28 days 
+ 7-33 


10-05 

38 days 
57-93 


8 days 
39-58 


66 days 
103-'58 


while the vapour pressure, 2^ mm., of the heptahydrate is : 

0 ^ 20 ® 30* 37 * 40* 50* 

p . 2-3 12-S 25 37 4:7 82 


60* 70* 

132 209 


K. Arii measured the vap. press, of these systems, and found the transition temp. 
— heptahydrate to anhydride — to be 33*6°. He gave log p=10*65647 — 2797*12T“^ 
for the system Na2Sd3.7H20--Xa2S03 ; log p=8*50733— 2138*23r”'i for a sat. 
solii. and Na2S03.7Ho0 ; and log p=9-04857 — 2304*20r“i for Xa2S03 and a sat. 
soln. F. Forster and K. Kiibel observed that the thermal decomposition o-f sodium 
sulphite at 600° may be represented : 4Na2S03^3Na2S04+Na2S ; but above 900° 
the reaction Na2S03— Na20-1-S02 disturbs the equilibrium. The equilibrium is 
not completed in 2 hrs. at 1200°. The rate of decomposition increases rapidly 
between 600° and 700°, but only slowly between 700° and 800°. M, Picon found 
that anhydrous sodium sulphite, in vacuo, at 700°, is rapidly converted into sulphate 
and sulphide : 4]Sra2S03=3Na2S04+Na2S. In air the anhydrous thiosulphate 
is stable at 100° for 15 days, but at 120° slow decomposition (complete in one 
month) into sulphate and sulphur dioxide occurs. Since the salt always contains 
traces of sulphur, the primary decomposition is probably into sulphur and 
the sulphite, atmospheric oxidation converting the latter into sulphate and 
sulphur dioxide : Na2S203-(-30=S02+Xa2S04. R. de Forcrand gave for the 
heat of formation ^8,30, 2Na)=130*5 Cals. ; (S02gas5Xa20soin.)=‘^5*75 Cals.; 
SO2 (64 grms. in 4 litres) and Na20 (31 grms. in 2 litres) gave 30*56 Cals. ; 
and (NaHS03soin..Xa20„oin.)=13*92 Cals., while J. Thomsen gave 13*1 Cals. 
R. de Forcrand gave for the heat of solution of the heptahydrate —5*55 Cals, at 10°, 
using a gram of the salt in 35 parts of water. P. J. Haitog gave for the heat of soln. 
of the anhydrous salt in 50 parts of water, 2*71 Cals, at 18°. V. J. Sihvonen found 
maxima in the reflection ultra-red spectrum at 10*6ja and 19*5/u,. K. Barth found 
that the electrical conductivity of aq. soln. agrees with the assumption that the salt 
furnishes 3 ions : Na2S03^2Na‘+S03" ; and for the molecular conductivity at 
25°, he gave for a mol of the salt in v litres of water : 

V . 0-25 0-5 1-0 2-0 4-0 8-0 16-0 32-0 C4-0 256 1024 

p . 27-5 39-6 50-6 60-1 68-4 75-0 82-3 89-0 95-0 103-8 107*5 


Sodium sulphite has a fresh taste, which afterwards appears sulphurous ; and 
it turns red litmus blue. J. Obermiller measured the hygroscopicity of the salt. 
The anhydrous salt is stable in dry air : and A. Lumiere and A. Seyewetz said that 
it is not changed in air at 100°, but in moist air it is rapidly oxidized at 15°. The 
aq. soln. oxidizes more readily the less its concentration so that with a 20 per cent, 
soln. the rate of oxidation is negligibly small. S. L. Bigelow also noticed that the 
curves representing the cone, of the soln. with time are straight lines until a cone. 
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of 0*002iV-Na2S03 is attained wKen ttey rapidly bend downwards, indicating a 
marked decrease in the speed of oxidation. This is explained by assuming that the 
velocity constant of the reaction is large, so that until the cone, of the soln. is small, 
oxygen is removed from the soln. faster than it is absorbed. He also found that 
small quantities of organic compounds — ^mannitol, alcohols, glycerol, aldehydes, 
ketones, and ethers — act as negative catalysts in slackening speed of the oxidation; 
oxalic acid has very little eSect. E. Saillaxd found that the oxidation of sulphites 
to sulphates is retarded in sucrose soln., the amount of retardation being the greater 
the greater the cone, of the sucrose. Rise in temp, increases the velocity of change. 
Invert sugar has approximately the same effect as sucrose. Nitrogenous substances, 
for example, asparagine, aspartic acid, glutamic acid, and potassium lactate, also exert 
a retarding action, whilst sodium chloride has no effect. S. W. Young observed the 
retarding inffuence of alkaloids ; and H. S. Taylor, of isopropyl, secondary wobutyl, 
and benzyl alcohols. The subject was studied by W. P. J orissen. A. and L. Lumifere 
and A. Seyewetz applied the term anti-oxidizing agents to those substances — 
negative catalysts — ^which retard the rate of oxidation of aq. soln, of sodium 
sulphite. 

The following anti-oxidizing agents are arranged in order of decreasing activity : quinol, 
p-aminophenol hydrochloride ^ glycine^ p-phenylenedmmine, catechol^ metol, metaquinone, 
diamirtophenol hydrochloride, adurol, edinol, and eiJeonogen. Acetone behaves in the reverse 
way. The effect is independent of time, temperature, light, and the concentration both 
of the sulphite and the anti- oxidizing agent, but is diminished by the addition of alkaline 
substances, acetone or formaldehyde. The action appears to be catalytic in character. A 
soln. of sodium sulpliite may be preserved for a prolonged period by the addition of a 
small quantity of one of the more active anti-oxidizing agents. 


A. Titoff showed that the speed of oxidation is really very slow unless stimulated 
by the presence of a catalytic agent. Copper sulphate has a marked action and the 
effect is approximately proportional to the amount of catalyst present, less marked 
are the effects with silver nitrate, gold chloride, potassium dichromate, manganese 
and ferrous sulphates, and potassium chloroplatinate. The speed of oxidation is 
retarded by stannous and stannic chlorides, sodium nitrate, mannitol, potassium 
cyanide, and substances wtich form complexes with copper salts. The reaction is 
of the first order, and is within the limits of experimental error, independent of the 
cone, of the oxygen. W. Eeinders and S. L Yl^s confirmed the results of A. Titoff, 
and they showed that cupric and ferric ions exert a maximum catalytic activity 
when the concentration is between and pH= 12 . Nickel and cobalt 

ions are active only in alkaline soln. In ammoniacal soln., no oxidation occurs 
except in the presence of copper salts ; the reaction is then unimolecular, and 
proportional to the cone, of the copper catalyst — ^the cone, of oxygen has very 
little influence on the result. F. 0 . Rice added that if the reaction with respect 
to sodium sulphite is unimolecular, the process requires the production of atomic 
oxygen ox else it is either himoleculax with respect to sodium sulphite, or a 
heterogeneous reaction. He showed that if the air be thoroughly freed from, 
dust, it is not affected by oxygen during several hours’ action. Copper alone 
has no catalyse activity because the sulphite soln. may be freed from dust by 
precipitating in it copper hydroxide ; the resulting clean soln. does not oxidize 
in the pieseuce of oxygen. It is therefore inferred that the oxidation of sodium 
sulphite IS a dust reaction, and that the walls of the containing glass vessel have 
a negligible effect. C. Mouxeau and co-workers studied the catalytic action of 
sulphur on the antoxidation of sodium sulphite. N, N. Mittra and N. R. Dhar 
found that the oxidation, of sodium sulphite by atm. air as a primary reaction is 
accelerated in the presence of sodium nitrite, potassium oxalate, ferrous ammonium 
sulphate, sodium arsenite, manganous, cobaltous, or nickelous hydroxide, or sodium 
thiosulphate as secondary reaction. W. P. J orissen and C. van den Pol found that 
sodium sulphite does not induce the oxidation of sodium oxalate and nitrite by air 
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or oxygen under ordinary conditions ; sodium sulpMte does not induce the oxida- 
tion of the arsenite when the alkalinity of the soln. is too great. S. Myamoto 
found that the presence of stannous hydroxide in alkaline soln. inhibits the 
oxidation of sodium sulphite in air. G. Moureau and C. Dufraisse found that the 
presence of many sulphur compounds accelerates the oxidation of sodium sulphite 
— vide sup'a, the oxidation of sulphur. E. Biyers and T. SMmidzu agreed with 
the view that the sulphites are oxidized by a reaction : 

sS>S0s+HjO+0a-5">S0.+H,O, 

R. ]\L Purkayostha and N. E. Dhar said that the reaction is semi -molecular : 
]Sra2S03-|-0==Na2S04. T. Sahalitsohka and G. Kubisch found that the solid deposit 
which separated in a bottle in which sodium hydrosulphite soln. had been stored 
consisted of crystalline sodium sulphate and a small quantity of free sulphur, wliilst 
the dregs of the soln. contained sulphurous acid, sodium hisulphate, and sodium 
sulphate. E. Isnard found that when an old soln. of sodium hydrosulphite was 
added to a soln. of sodium thiosulphate, there was a precipitation of sulphur and a 
slight evolution of hydrogen sulphide as if a mineral acid had been added. The 
bottle containing the old soln. had a crystalline mass at the bottom, and on top of 
this a layer of sulphur, and the acidic liquor had a slight smell of sulphur dioxide. 
Presumably the hydrosulphite had been partially oxidized to sulphate and hydro- 
sulphate ; then followed the reaction 3RraIIS03=Na2S04+hraB[S04-rS-f H2O ; 
a little sodium sulphide is also formed and remains in a state of equilibrium in the 
acidic soln. When this soln. is added to sodium thiosulphate, sulphur is precipitated, 
and the sulphur dioxide reacts with sodium sulphide, liberating hydrogen sulphide : 
3S03+2Na.S+2Ho0=2Na2S04+2H2S-f S ; or 2S02-f2hraoS+2H20=2Na2B03 
+2H2S; or else Na2S203+2NaHS04+H20=H2S+2NaHS04+Na2S04. The 
oxidation of sulphite soln. was also studied by S. Myamoto. 

According to E. H. Eiesenfeld and T. E. Egidius, a neutral soln. of sodium 
sulphite reacts with OZOne» forming sulphate and dithionate. A. Longi and 
L. Bonavia found sodium dioxide readily oxidizes the sulphites quantitatively to 
sulphates. E. Ferraboschi observed no ozone is formed by the oxidation of the 
sulphite with hydrogen dioxide — vide sujpra. J. H. C.. Smith and H. A. Spoehr 
found that sodium ferropyrophosphate acts as a catalyst in the oxidation of soln. 
of sodium sulphite, and that an intermediate compound of oxygen with the catalyst 
is produced. According to J. Milbauer and J. Pazourek, the presence of cobalt 
sulphate in 0*QlAf- to O-OOlAf-soln. of sodium sulphite acts as a positive catalyst 
in accelerating the oxidation by air. Unlike S. L. Bigelow, and N. Schilow, they 
found that copper and manganese salts are not very active catalysts in cono. soln. 
of sulphites. In cone. soln. 0*5 molar, weak alkalinity of the medium intensifies 
the oxidation, if no precipitation of the catalyzing agent is caused. Strong alkalinity 
retards the reaction. An acid medium has a similar influence, the rapidity of the 
reaction increases with rising temp. 

E. E. Liesegang found that paper soaked in a soln. of the sulphite is sensitive to 
light, and the illuminated part colours gallic acid, or silver nitrate brown ; if the 
illuminated i>aper be kept in darkness for a long time, the hrowning no longer occurs. 
E. Thomas found that red light accelerates the oxidation of soln. of sodium sulphite, 
while the action is slower in yellow, green, and violet light than it is in darkness— 
it is slowest of all in violet light. O. Loew exposed sealed tubes containing dil. 
soln. of sulphates, sulphites, sulphurous acid, and sulphuric acid to sunlight, for 
3 months, and found that while the sulphurous acid soln. remained clear for 2 months 
before it deposited sulphur and formed sulphuric acid, the other soln. were not 
changed. J. H. Mathews and co-workers found that sodium sulphite soln. are more 
rapidly oxidized in ultra-violet light than in ordinary light, and E. H. Getman 
added that light is an essential factor in the oxidation of hydrosulphite soln. The 



266 


INORGANIC AND THEOEETICAL CHEMISTRY 


iucreasod activity of ultra-violet light has been attributed to tlui formation of 
ozone or hydrogen dioxide, which is the actual oxidizing agent, since W. G. Chloj)in 
found that ordinary moist air exposed for a few minutes to ultra-violet light contains 
traces of ozone, hydrogen dioxide, and nitrogen trioxide. The effect has also been 
attributed to the ionization of the oxygen hy the ultra-violet light, but G. Bredig 
and W. Poinsel exposed oxygen to ultra-violet light, X-rays, uranium rays, and 
phosphorus one-fourth of a second before it was bubbled into a soln. of sodium 
sulphite, and found no increase in the speed of the reaction. E. B. Mason and 
J, H. Mathews observed that pure oxygen, and ozone greatly increase the rate of 
oxidation of aq. soln. of sodium sulpohite in light and in darkness ; and that the rate 
of oxidation is <lependent on the rate at which the gas is hiibbled through the 
soln., and on the character of the bubbles. J. H. Mathews and L. H. Dewey found 
that uranium salts accelerate the photochemical oxidation. Hydroquinone and 
phenol in O-OOlA’-soln. were found by R. B. Mason and J. H. Mathews to accelerate 
the reaction. J. H. Mathews and co-workers found that quinine sulphate, rubber, 
pyridine, glycerol, l>enzalde]iyde, quinol, and methyl and ethyl acetates all act as 
negative catalysts. The action of quinol decreases as the action proceeds owing, 
presumably, to its decomposition by light. Copper sulphate and carbamide had no 
appreciable ehect on the velocity of the photochemical oxidation of soln. of sodium 
sulphite. F. H. Getman also noted the retarding influence of sugar soln. 
R. B. Mason and J. H. Mathews could detect no relationship between the light 
absorption of the catalysts and their action on the photochemical oxidation of 
sodium sulphite. The reaction was also studied by J. H. Mathews and M. E. Weeks. 
M. Trautz, and H. L. J. Backstrom discussed the action of light on chemical 
reactions ; and A. J. Allmand and E. E. W. Maddison concluded that light has no 
effect on the oxidation of aq. soln. of sodium sulphite, and the cases discussed 
hy J. H. Mathews and feUow workers are attributed to an incomplete control 
of the reaction in darkness, and not to the accelerating influence of ultra- 
violet light. 

According to K. H. Butler and D. McIntosh, sodium sulphite is insoluble in liquid 
chlorine, and has no influence on its b.p. A. W. Prancis found the velocity constant 
in the oxidation of sodium hydrosulphite by broitiine to bo 8*6. The soln. of 
sodium sulphite is a powerful reducing agent, and the salt is usually transformed 
into sulphate. Thus, M. Braune, and W, Spring found that the aq. soln. is oxidized 
to sulphate by iodine ; W. B. Giles and A. Schearer represented the reaction 
lSra 2 SO 3 -[-l 2 +H 2 O=Na 2 S 04 -f- 2 HL E. Huerre found a cold 10 per cent. soln. 
of sodium sulphite dissolves no sulphur, and a boiling soln. dissolves only a trace. 
E. Divers said that if heated in an atm. with an excess of sulphur dioxide, at 190*", 
the sulphite furnishes free sulphur, and sodium sulphate ; and in the presence of 
less sulphur dioxide, sodium thiosulphate is formed. E. C. Franklin and C. A. Kraus 
found that the anhydrous salt is insoluble in liquid ammonia; K. E. Dhar measured 
the solubility of ammonia in soln. of potassium sulphite, A. Klemenc observed 
that the rate of oxidation of sulphite soln. by nitric oxide decreases with increasing 
alkalinity of the soln, E. Divers found that when heated with phosphorus 
trichloride, it forms sodium chloride and phosphate. F. E. Brown and J. E. Snyder 
found sodium, sulphite is not affected by vanadium oxytrichloride. F. Feigl 
discussed the oxidation of the sulphites by carbon as blood charcoal . The anhydrous 
salt is insoluble in alcohol ; J. L. Casaseca found it to he insoluble in ethyl acetate ; 
and A. Kaumann, insoluble in methyl acetate, and bcnzonitrile. W. Eidmann, 
and A. Naumann found that it is insoluble in acetone. 6 . Romeo and E. d'Amico 
examined its action on aldehydes and ketones. 

P. Keogi and E. C. Bhattacharyya observed that magnesium amalgam does 
not reduce the sulphite to sulphide. S. Miyamoto found that the rate of oxida- 
tion of ir^ures of stamioiis chloride and sodium sulphite in alkaline soln. is 
less than is the case with either salt alone, except when the cone, of the stannous 
chloride is low. M. Honig and E. Zatzek, and A. Longi and L. Bonavia, studied 
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its reducing action on solii. of potassium permanganate in alkaline soln. F. Haber 
and F. Bran examined the autoxidation of soln. of sodium sulphite coupled with 
sodium arsenite, or nickelous hydroxide. J. Pinnow found that a low acidity 
favours the oxidation of sodium siilphite by a feme salt. ;?;-Be 2 X 2 oquinone, quinol, 
and their respective sulphonic acids function as carrier-catalysts in the oxidation 
of a sulphite to sulphate by means of a ferric salt, and their efccts increase with 
increase in their respective amounts present. In acid soln., their catalytic action 
is less pronounced. The increased yield of sulphate in the presence of j)-heiizo- 
quinone is not in accord with the suggestion of C. E. K. Mees and S. E. Sheppard 
that a dithionate is formed from benzoquinone and a sulphite. N. N. Mittra and 

R. Dliar studied the sympathetic reactions in ■which mercuric chloride and 
sodium sulphite as primary reactions are accelerated in the j)resence of the secondary 
reaction of mercuric chloride with sodium arsenite or arsenious acid. 

J. L. Gay Lussac and J. J. Welter, and J. S. Muspratt saturated a soln. of sodium 
carbonate with sulphur dioxide and obtained sodium hydrosulpliite> NaHSOo. 

B. W. Gerland obtained the same salt, contaminated with 0*41 per cent. Po^s? by 
treating a soln. of sodium idiosphate in a similar maimer. H. P. Stevens found 
commercial sodium hydrosulphite contained some pyrosulphite. T. Sabalitschka 
and G. Kubisch observed that aq. soln. of the hydrosulphite slowly lose the odour 
of sul})hur dioxide, and deposit crystals of sodium sulphate. R. E. Evans and 

C. H. Dcsch, and W. Schuler and A. Wilhelm said that if the soln. be vigorously 
cooled, efflorescent cubic crystals of the tri-hydrate are formed. R. de Forcrand 
gave for the heat of formation SOo (64 grms. per 4 litres) and hra20 (31 grms. per 
two litres), 16*62 Cals. ; and J. Thomsen, 15*9 Cals. R. de Forcrand always 
obtained the pyrosulphite by slowly evaporating a soln. of sodium carbonate or 
hydroxide saturated with sulphur dioxide; and he obtained the same thermal 
value for the reaction between an eq. of sodium hydroxide and a soln. of the 
supposed hydrosiilphite and a soln. of the pyrosulphite. The pyrosulphite under- 
goes no change on soln,, and therefore sodium hydrosulphite does not exist in 
soln., but is immediately converted into the pyrosulphite. According to F, Ephraim 
and C. Aellig, the yellow colour of soln. of sodium hydrosulpMte is a characteristic 
property of the soln. and not due to impurity. The colour is always obtained, 
using the purest materials, when sodium, potassium, or ammonium hydroxide soln., 
or the soln. of their carbonates, sulphites, formates, and acetates, are saturated with 
sulphur dioxide. To a less extent, the colour is obtained with soln. of calcium 
hydroxide and zinc acetate, hut not with those of the chlorides, sulphates, and 
nitrates of the alkali metals nor wdth hydroxides of the alkaline-earth metals (except 
calcium), magnesium, or cadmium. The colour reaches its maximum when 
SA-soln. of alkali hydroxides are sat. with sulphur dioxide, and is not perceptible 
with soln. b elow 0-5 W. Spectroscopically, the colour is very similar to a dil. chromate 
soln. On dilution, the soln. does not follow Beer’s law, for the colour rapidly 
disappears. The colour may be due to the formation of complexes which in soln. 
gives a colour three hundred times as intense as that of sodium hydrosulphite at the 
same cone. There is insufficient evidence to aferd a satisfactory explanation of 
the colour, A. Hantzsch attributes the colour changes, which occur with many 
salts, to polymerization. In contradistinction to the sulphate and the selenite, 
which possess the typical yellowish-green colour of the unimolecular salts, the 
5-phenyl-lO-methylacridinium sulphite can be obtained only as a dark green or 
a brown modification. The dark green sulphite, which separates from aqueous 
or alcoholic solution, is changed to the brown form in chloroform, whilst the converse 
change of the brown to the green is slowly accomplished by alcohol or ether. The 
molecular complexity of these forms cannot be determined,* and it is assumed that 
the brown sulphite, like the brown iodide, is termolecular ; the dark green sulphite 
is regarded as bimolecniar. G. A. Barbaglia and P. Gucci observed that in a sealed 
tube at ISC', the sat. aq. soln. furnishes sodium sxilphate, sulphur, and sulphuric 
acid. K. Barth found that the electrical conductivity of aq. soln. is in harmony 
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witi. the assiimptioa tliat two ions: NaHSO 3 =Na‘+HS 0 ;/, are present. For 
the conductivity, jlc, of a mol of the salt in v litres of water, at 25"^, he found : 

V . .32 64 128 256 512 1024 

UL . . 101-9 106-5 110-7 I]-!-? 118-0 122-8 


A. Miokti and B, Mascetti made measurements and obtained similar results and 
gave The results agree with the dibasicity of the acid. According 

to J. Muspratt, the hydrosulphite gives off sulphur dioxide in air, and when heated 
it gives off sulphur, and sulphur dioxide, leaving a residue of sodium sulphate. A 
current of an indifferent gas drives sulphur dioxide from tlic aq. soln. The salt 
dissolves in water less readily than sodium hydrocarbonato, and is precipitated 
from its aq. soln. by alcohol. A, W. Francis studied the rate of the oxidation of 
the hydrosulphite by bromine. G-. Scurati-Manzoni found that the aq. soln. is 
reduced to hyposulphite by a zinc-copper couple ; and P. Noogi and E. C. Bhatta- 
charyya, that magnesium amalgam does not reduce the hydrosulphite to sulphide. 
G-. Romeo and E. d’Amico examined its action on aldehydes and ketones. 
M. Coulouma found that when properly stored, the hydrosulphite can b*' preserved 
without decomposition. E. Isnard observed the changes in a cone. soln. of sodium 
hydrosulphite which occur when it is kept for some time. T. Ito studied the 
action of sodium hydrosulphite on silver nitrate, and copper sulphate in media 
containing various lyophilic colloids, gelatin, and hydrosol of ferric oxide. 

M. Berthelot prepared anhydrous potassium sulphite, K 2 SO 3 , by the method 
employed for the corresponding sodium salt. The hexagonal crystals are delique- 
scent, and less oxidizable than when in soln. The heat of 


PI IP formation is (2K,S,3O)==136*30 Cals. ; and P. 3. Hartog gave 

I —1*75 Cals, for its heat of soln. in, 60 parts of water at 18®. 

J. Danson, and M. Berthelot precipitated an aq. soln. of the 

salt with ether, and obtained the monohydrate, K 2 SO 3 .K 2 O. 

^ I 2! A. F. de Fourcroy and L. K Vauquelifl, H S. Muspratt, etc., 

20 ° prepared the dihydrate, 1 ^ 2 ^ 03 . 2 H 2 O, by passing sulphur 

^0 _ dioxide into a dil. soln. of potassium carbonate until all the 

— — L -j f d carbon dioxide had been displaced, and then evaporating the 

The salt was previously ob- 
jPjq 67 — Solubility Gr. E. Stahl, T. Bergman, and C. L. BerthoUet, 

Curv^ of^ Po- literature it was sonaetimes called sal suV 

tassiuin Sulphite, phuratum Siahlii, or StahVs sulphur salL It was also made, 
admixed with more or less sulphate, by T. Thomson, and 
J- J. Bernhaidi. The crystals were described by J. S. Muspratt as rhombic 
octahedra ; the salt is deliquescent, and has st penetrating acid, and sulphureous 
taste. L. N. Vauquelin said that the salt decrepitates when heated, losing first 
water, then a little sulphur dioxide, then a small quantity of sulphur, and leaving a 
reddish mixture of potassium sulphide and sulphate. A. Eohrig represented the 
reaction ; 4 :K 2 S 03 =K 28 + 3 K 2 S 04 , and added that in opposition to J. S. Muspratt, 
etc., no sulphur dioxide is formed. J. S. Muspratt said that the residue contains 
sorne potassium hydroxide, and M, Berthelot added that when heated in an atm. of 
car^n (Hoxide at a red-heat, sulphate, polysulphide, and carbonate are formed. 
A- I^hng said that the salt becomes a^ydrous below 120*®. F. M. Baoult 
found the mol. lowering of the f.p. to be 45 * 1 . F. Martin and h. Metz gave 273 Cals. 

1 formation of K 2 SO 3 . M. Berthelot gave for the heat of soln., 

0*72 UL, and for the heat of formation (S02,2K0H)==15*92 Cals, at 13®. 
J- B. Ai^tin discussed the heat of hydration. J. ObermiHer measured the hygro- 
scopicity of the salt. ^ A. F. de Fourcroy and L. N. Vauquelin showed that the 
dihydrate dissolves in its own weight of cold water, and in less than that amount of 
not water. C. F. Ranmelsberg added that the hot sat. soln. does not deposit 
any salt on cooling, while the cold sat. soln. deposits some salt when heated and 
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redissolvcs it on cooling. 1^. Fdrstcr and co-workers gave for tlic solubility of 
potassium sulphite in grins per 100 grins, of solii. : 

— 30'" ~-ir>*0'" —3-D''" O-r 24° 312 ° 65 S® 97 - 2 ® 

KoSOj . 51-0 51-30 51-35 51-4- 51-37 51-90 52-02 53-22 

The results arc plotted in Fig. 67 with the eutectic point at —45°. There is no sign 
of the hydrated salt on these curves. J. L. Casaseca said that the salt is very slightly 
soluble in alcohol, and insoluble in ethyl acetate ; B. C. Franklin and C. A. Kraus 
also found it to he insoluble in liquid ammonia. A. Geuther said that the aq, soln. 
has an acid taste. W . Spring and A. Lecrenier observed that the sulphite is oxidized 
by the sulphur halides ; P. Schtitzenherger, that zinc reduces it to hyposulphite. 

E. Hene obtained the potassium salt by adding potassium sulphate to a soln. of the 
calcium salt. 

J. S. Muspratt prepared potassium hydrosulphite, KHSO3, bypassing sulphur 
dioxide into a cone, soln, of potassium carbonate until effervescence ceases ; when 
alcohol is added to the soln. the salt is deposited as a granular mass of crystals, 
which are washed with a little alcohol, and dried between bibulous paper. J. 0. G. de 
Marignac found that the monoclinic prisms have the axial ratios <2 : 5 : c 
=0‘9276 : 1 : 2-2917, and ^=94° 46'. J. S. Muspratt found that the salt has a 
saline, not unpleasant, taste. A. Geuther observed that the salt su:Sers very little 
change at 100° ; at 190°, it decomposes with the evolution of water and sulphur 
dioxide and acquires a yellow colour. The residue contains sulphur, and sodium 
thiosulphate and sulphate ; 6KHS03==K2S203+2K2S044-2S02+3H20 ; and the 
aq. soln. has a neutral reaction. It is supposed that the hydrosulphite first forms 
the normal sulphite : 2KHSO3—K2SO3+SO2+H2O ; and that one equivalent 
of sulphur dioxide then reacts with three equivalents of the normal sulphite to form 
the thiosulphate : 3K2SO3 1-SO2—2K2SO4+K2S2O3. The reaction between the 
sulphites and sulphur dioxide has been qualitatively confirmed by E. Divers. If the 
thiosulphate be more strongly heated, the thiosulphate yields sulphate and sulphide. 
The formation of a sulphide by the action of heat on thiosulphates has been cited 
as an argument that the metallic radicle in these compounds is in direct rmion with 
sulphur. It has been questioned whether the meta-bisulphites (or pyrosulphites) yield 
a thiosulphate when heated — ^A. Geuther said ‘‘Yes,” M. Berthelot, “Ko.” However, 
in the formation of a sulphide when a normal sulphite is strongly heated, possibly 
an alkali oxide is formed, and there is a secondary reaction between sulphur dioxide 
and the undecomposed sulphite. If the salt be heated over the naked flame, sulphate 
and polysulphide are formed, and the aq. soln. has an alkaline reaction. J. H. Platt 
and D. Hudson gave for the solubility S grms. per 100 grms. of water, 45*5 at 15° ; 
51*5 at 25°; 674 at 50°; 76*5 at 60°; 85-6 at 70° ; and 91-5 at 75°. K Barth gave 
for the mol, conductivity, ju, of a mol of the salt in v litres of water at 25°. 

V , .32 64 128 256 512 1024 

. . 108-6 113-5 118-0 122*3 126-4 129*8 

A. Miolati and E. Mascetti obtained concordant results and gave 
The results agree with the dibasicity of the acid. A. Miolati and E. Mascetti 
measured the conductivity of sulphurotis acid as it is progressively treated with 
alkali, and the results, Fig. 57, indicate the existence of hydrosulpMte and 
pyrosulphite. S. S. Bhatnagar and C. L.'Dhawan studied the mol. magnetization ; 
and calculated the mol. radius to be 2*58 A. The salt is insoluble in alcohol. 
C. St. Pierre observed, the formation of potassium trithionate in the spontaneous 
reduction of the hydrosulpMte. According to F. M. Kaoult, the mol. lowering 
of the f.p. is 32*5. M. Berthelot found for the heat of formation from 2 mols of 
K2SO3 and 2 mols of HCl, —1*80 Cals. ; and from 2 mols of KaSOgand 9 mols of 
HCl, —240 Cals. The heat of neutralization of a mol each of KOH and H2SO3 
is 16*6 Cals, at 13°. According to M. Berthelot, thermochemical data show that 
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tlic hydmsulpiiite. described by J. C. 0. dc Marigiiac, and 0. F. Kainmelsberg, is 
really the pyrosulphite, and he maintained that the solid hydro sulphite has not been 
prepared. The hydrosulphite prepared from equimolar parts of sulphur dioxide 
and potassium hydroxide in aq. soln. is slowly transformed into a soln. which 
behaves just like a soln. of the solid pyrosulphite ; and the change is attended hy 
the evolution of 5*2 Cals, of heat. A Cleuther said that the aq. soln. has an acidic 
reaction not neutral as stated by J. iS. j\lusp)ratt. D. Uernez showed that ‘when an 
indifferent gas is passed through the aq. soln. it loses sulphur dioxide. R. J . Phillips 
studied the stability of aq. soln. of the salt. 

G. T. Morgan and J. D. M. Smith passed sulpihur dioxide into a soln. of rubidium 
carbonate until a pale green solm was acquired; alcohol was added, and a 
voluminous, white precipitate consisting of colourless prisms of rubidium hydro- 
sulphite* RhHSOs, was formed. The salt is freely soluble in water ; and the aq. 
soln. reacts acid to litmus and phenolphthahun, and neutral to methyl orange. 
When the dry salt is gradually heated to redness, it gives off water, sulphur, and 
sulphur dioxide, leaving a residue of rubidium sulphate. If rubidium hydrosulphite 
be added to an eq. proportion of a soln. of the carbonate ; heated to expel carbon 
dioxide, and treated, wlien cold, with an excess of absolute alcohol, a heavy, oily 
liquid is precipitated, and this freezes to a colourless, crystalline mass, which when 
washed w'lth a mixture of alcohol and etluT, and dried over oalcium chloride, 
furnishes rubidium sulphite heiuialcoiiolate, 2Rbi)SO3.02lIr>^^I'r‘ The alcoliolate 
gives off its alcohol when heated, and is freely soluble in water. If a sat. aep soln. 
of the alcoliolate he evaporated by boiling under reduced press., small, colourless, 
prismatic tablets of anhydrous rubidium sulphite, Rb^SOg, are precipitated. The 
salt is freely soluble in water and aq. alcohol, it reacts alkaline to litmus, gives off 
sulphur dioxide when treated with dil, mineral acids, and on ignition gives a residue 
of rubidium sulphate and sulphide. 

C. Chabrie dissolved 14 grms. of coesium carbonate in 400 c.c. of 99 jier cent, 
alcohol, divided the soln. into 2 halves, and saturated one-half at the b.p. 
with sulphur dioxide, and mixed the two halves, distilled off the alcohol, and dried 
the residue in vacuo. The white, crystalline mass of caesium sulphite, CsoSOg, 
dissolves in its own weight of water at 100°. If the above operations bo conducted 
in aq. soln. the crystalline product, mixed with some sulphate, contains 9’29 per cent, 
of water. The half of the alcoholic soln., just indicated, when sat. with sulphur 
dioxide gives white crystals of csesium hydrosulphite, CSHSO3, which are freely 
soluble in water, and less soluble in alcohol. 

P. J. Haitog prepared ammonium sodium hydrosulphite, (NH4)Na2H(S03)2. 
4H2O, from mixed soln. of sodium and ammonmin sulphites ; and H. Schwicker, by 
passing ammonia into a cone. soln. of sodium hydrosulpliite, or by partially saturating 
a cone. soln. of ammonium hydrosulphite with sodium carbonate. G. Tauber, 
on an industrial scale, passed ammonia and sulphur dioxide into a cooled soln. of 
sodium chloride. The analyses by J. 0. G-. de Marignao agree with the above 
formula, hut the salt prepared by G. Tauber was represented by the formula 
2Naj)SO3.(NH4)2S2O5.10Il2O. Indeed most of the complex salts here described can 
be regarded as pyrosulphites of analogous composition. According to P. J. Hartog, 
there are two isomeric forms with a difference of 2-74 Cals, in their heats of formation. 
This salt crystallizes in large plates which, according to J. C, G. de Marignac, belong 
to the monoclinic system, and have the axial ratios a\li c=l-8682 : 1 : 2*8501, 
and ^=152° 12', A. Schwicker said that the salt is moderately stable at ordinary 
temp., but at 130° it is quickly decomposed with the ev^olution of water, ammonia, 
and sulphur dioxide. Water dissolves 42*3 per cent, at 12°, and 48*5 per cent, at 
15°- P. J- Hartog gave — 30*72 Cals, for the heat of soln. of one part of the salt in 
40 parts of water at 20°. The aq. soln. has an acid reaction. P. J. Hartog said that 
only in the presence of a large excess of ammonia is it possible to obtain crystals of 
ammonium potassium sulphite, fi'om a soln. of the component 

salts. The observed composition is not constant, indicating that solid soln. of the 



sulphite 


271 


component salts arc involved. Hence the existence of this salt as a chemical 
individual is in doubt. The hexagonal prisms actually obtained when heated in 
a sealed tube give a sublimate of ammonium sulphite. 

W. Spring obtained an impure sodium potassium sulphite by reducing potassium 
thiosulphate or tritliionatc with sodium amalgam — some mixed sulphide was 
formed at the same time. P. J. Hartog prepared anhydrous sodium potassium 
sulphite, KNaSOs, from a solii. containing tlie correct proportions of sodium hydro- 
sulphite and potassium hydroxide. K.. Barth obtained it in a similar way, using 
either sodium hydros alphitc and potassium liydroxide or potassium hydrosulphite 
and sodium hydroxide. P. J. Hartog gave for the heat of formation in aq. soln., 
Na 2 S 03 +K 2 S 03 = 2 NaKS 03 + 3‘76 Gals. ; and — 1-19 Cals, for the heat of soln, 
at 18"". H. Schwicker obtained yellow crystals of the monoliydmle, NaKS 03 .H 20 , 
by exactly neutralizing a soln. of sodium hydrosulphite wnth potassium carbonate, 
and evaporating over sulphuric acid ; and K. Barth, by cooling a soln. of potas- 
sium hydrosulphite with the theoretical proportion of sodium hydroxide. 
A. Schwicker prt'])ared yellowish crystals of the dihydrate by evaporating over 
sulphuric acid a cone. soln. of potassium hydrosulphite mixed with the stoicMo- 
metrical proportion of sodium carbonate. A. Eohrig obtained the salt from a 
mixed soln, of the carbonate of the one metal -with the hydrosulphite of the other, 
by preciiiitation with alcohol or ether. K. Barth said that the anhydrous salt is 
obtained by the alccdiol precipitation process. He obtained the dihydrate by 
evaporating over sul])huric aci(l a soln. of the theoretical proportions of sodium 
hydrosulphite and jiotassiiim hydroxide. A, Schwicker said that the salt obtained 
from potassium hydrosulphite and sodium carbonate gives, when heated with 
ethyl iodide at a compound KO.C 2 H 5 SO 2 .iNaI, which crystallizes from hot 
alcohol in colourhjss necdlcKS. On the other hand, the salt obtained from sodium 
hydrosulphite and potassium hydroxide yields under similar circumstances 
NaO.C 2 H 5 SO 2 .iKI. It was assumed that in the former case the sodium was directly 
connected with the sexivaicnt sulphur, and in the latter case, the potassium was 
directly bound to the sexivaicnt sulphur. G. S. Fraps, A. E. ArbusoS, and 
M. H. Godby could not conhrm these conclusions, for, in repeating the work, they 
obtained no evidtmee of the existence of two isomeric sulphites. In any case, 
K. Barth found that the aq. soln. of the two salts are identical, and, in particular, 
that they liave the same (dcctrical conductivity : 

V . . 0*25 2’5 1-0 2'0 8 32 64 256 512 1024 

/X . . 37*0 51*0 61‘B 70*1 85*3 99-1 104*1 113*6 116*3 117*7 

as they should do on the ionization h^^pothesis, since in dil. soln. they yield the 
ions K\ Na’, and L\ J. Hartog inepared transparent prisms of sodium 

potassium hydrosulphite, KoNan(S 03 ) 2 . 3 H 20 , by crystallization from a cone, 
soln. of NaKSOa, and an cq. of KHSO 3 . P. J. Hartog obtained Na 2 KH(S 03 ) 2 *^H 20 
from a soln. of 2 ecp sodium carbonate sat. with sulphur dioxide, mixed with one 
eq. of potassium carbonate. A. Schwicker obtained it in transparent prisms 
when a cone, soln, of eq. quantities of sodimn potassium sulphite and potassium 
hydrosulphite is evaporated over sulphuric acid ; it behaves like the double -salts 
described above. According to P. J. Hartog, this salt cannot be dehydrated 
■without decomposition ; it loses no water of crystallization in dry nitrogen at 90'', 
and at lOOMlO® therevis a loss of 26*65 per cent, along with some sulphur dioxide. 
The heat of formation is KoOHoin.+ 2 (N'a 20 . 2 S 02 )soin.=K 20 . 2 Na 20 . 4 S 03 soin.+ 61 *Sl 
Cals. ; and 2 Na.>S() 3 cryHt + KoSsOscryst. + QH^OngLuid = K 2 O. 2 Na 2 O. 3 SO 3 . 9 H 2 O 
+ 25-88 Cals. 


REr'KanxcES. 

^ A. I* do Fourcroy and L. N. Vauqwdm, Ann, Chlm, Phys ., (1), 24, p9, 1797 ; McholmjCs 
Journ,, 1. 313, 364, 1707 j J* 8. Mnspratt, Chemist, 4 . 433, 1843 ; Mem, Chem. Soc., 3. 292, 1848 ; 



272 


INOEGAEIC AND THEORETICAL CHEMISTRY 


J%iL Mag., (S), 30. 414, 1847 ; Lkbu/s Ann., 50. 268, 1844 ; F. Ephraim and H. Hotrowaky, 

Mr.s 44. 386, 1911; A. Rohrig, Jotirn. pmH. Ghern., (2), 37. 227, 1888; Mevtsion einiger 

altemr Angaben uber mhwefligsaure 8ahe, Leipzig, 1888 ; E. Divers and M. Ogawa, J otn’n. Chm. 
Boc.., 77. 335, 1900; J. Danson, i6., 2. 205, 1849 ; P. de Lachomotte, Frenoh Pat. No. 184600, 
1887 ; J. S. Stas, Acad. JBelg., (2), 35. 1, 1865 ; Chem. News, 18. 86, 1868 ; J. C. 0. do 
Marignac, An?i. Mines, (5), 12. 25, 1857 ; Atxh. Sciences Oenhe, (1), 36. 207, 1857 ; A. Miolatti 
and E. Mascetti, Gazz. Chm. Ital, 31. i, 93, 1901 ; E. do Forcrand, Compt. Mend., 100. 244, 1884 ; 

P. J. Hartog, ib., 104. 1793, 1887 ; 109. 179, 221, 436, 1889 ; M. Berthelot, Aim. Ohim. Phys., 

(6), 4. 189, 1875; A. Bineau, ib., (2), 67. 241, 1838; J. I. Pierre, ib., (3), 23. 410, 1848, 

C, J. Bammelshcrg, Die neucsten Porschungen in der tcrystallographischen C hemic, 26, 1857 ; 

A. ISTaumaim, Per., 37- 4329, 1904 ; E. Scheitz, Arch. Pham., (3), 5. 332, 1874 ; K. F. <?.arpenter 
and E. Linder, Jown. 8oc. Chem. Ind., 23. 577, 1904; 24. 63, 1905 ; JS. I’eiTCs and E. Hahn, 
Gas Wasserfackm 309, 339, 363, 389, 1027 ; E. Terms and A. Heinsen, ib., 1157, 1193, 1217, 
1927 ; 72. 994, 1022, 1U50, 1929; A. P. SabaiieefE and W. Sporansky, ZeiL anorg. Chem., 20. 
23, 1899 ; W. Eidmaim, Bcifmg zur Brhenntnis der Verhaltens cliemischer V erbindimgen %n 
nichiwdsserigeTt Losungen, Giessen, 1899 ; M. Prud’hoinme, Bull. Soc. Mulhoiise, 70. 216, 1899 , 
Bull. Boc. Chim., (3), 21. 326, 1899 ; A. Heynsius, Pjiuger’s Arch., 34. 330, 1884 ; G. Halphen, 
JouTTi. Phmm. Chim., (5), 29. 371, 1894; H. Stamm, Ceher die LasUchkeit von AmmoTisahen wnd 
Alhalisalzen in wdsserigen Ammoniak, Halle, 1926 ; K. Burkheiser, Oerman Pat., PJi.F. 235870, 
1916 ; Goa Wdsserjach, 69. 765, 1926 ; R. Laming, Brit. Pat. No. 14260, 1862 ; W. Marriott, ib., 
39, 1876 ; ¥. C. Young, ib., 1310, 1880 ; J. and J. Addie, ib., 4758, 1882 ; A. P. Price, ib., 6983, 
1884 ; A.McBongall, ib., 15496, 1884; W. H. Beck, ib., 17050, 1887 ; Zeit. angew.Chem.,i.0l4:, 
1888 ; E. VIolf, German Pat., J).R.P. 245873, 1909 ; P. Fritzsclie, 256400, 1912 ; Zeit. angew. 
Chem., 33. 209, 1913 ; Journ. GasbeleuchL, 56. 729, 1913 ; J. A. N. Friend and I). W. Pounder, 
Journ. Chem. Soc., 2245, 1928; E. Ishikawa and H. Murooka, Bull. Inst. Phys. Chem. Research 
Tokyo, 7. 1160, 1928 ; 8. 75, 1929. 

^ A. F. de Fourcroy and L. N. Vanqueliii, Nicholson^ s Journ., 1. 313, 364, 1797 ; Ann. 
Chim. Phys., (1), 24. 229, 1797 ; L. N. Vauquelin, ib., (2), 6. 39, 1817; 0. L. Bcithollot, ib., 

(1) , 2. 54, 1789; M. Berthelot, Compt. Rend., 96. 298, 1883; Arm. Chirn. Phys., (6), 1. 75, 
1884 ; J. L. Gay Lussac and J. J. Welter, ib., (2), 10. 312, 1819 ; Ann. Phil., 14. 352, 1819 ; 
Quart Jonrn. Science, 1. 371, 1819 ; H. J. Buignet, Journ. Pharm. Chim., (3), 36. 321, 1859 ; 
Ccmpt. Rend., 49. 587, 1859 ; F. M. Raoult, ib., 98. 510, 1884; C. St. Pierre, Bull 8oc. Chim., 

(2) , 5. 245, 1866 ; Compt. Bend., 62. 632, 1866 ; 74. 52, 1872 ; P. Schutzenbergcr, ib., 69. 
196, 1869 ; P. J. Hartog, ib., 109. 177, 221, 436, 1889; D. Gernez, ib., 64. 606, 1867; 
J. L. Casa.seea, ib., 30. 821, 1850; C. Chabri^ ib., 133. 296, 1901 ; M. Picon, ib., 178. 1548, 
1924 ; L. Gnigilo, Ann. Oascrv. Vesuviano, 1 , 1924 ; J. 0. G. d© Marignac, Arch, Sciences 
Geneve, (1), 36. 207, 1857; Ann. Mines, (6), 12. 25, 1857; A. dea Cloizeanx, ib., (5), 11. 
347, 1857 ; (5), 14. 391, 1858; E. Divers, Journ. Chim. Soc.,^ 47:' 205, 1885 ; H. B. Hartley 
and W. H. Barrett, ib., 95. 1178, 1909; J. Danson, ib., (2), 205, 1849 ; D. L. Hammick and 
J. A. Currie, ib., 127. 1623, 1925 ; E. Divers and T. Shimidzu, ib., 49. 578, 1886 ; M. Braune, 
Chm. Centr., (1), 27. 526, 1856; E. C. Franklin and C. A. Kraus, Armr. Chem. Journ., 
20. 824, 1898 ; T. Sabalitschka and G. Kubiach, Arch. Phtrm., 262. 105, 1924 ; E. Mitscher- 
Hch, Pogg. Ann., 12. 140, 1828 ; C. F. Rammelsberg, ib., 67. 245, 1846 ; 94. 607, 1855 ; 
P. Klremers, ih., 99. 50, 1856 ; T. Bergman, De attractionibus electivis, XJpsala, 1776 ; 
W. Spring and A. Lecrenier, Bull. Soc. Chim., (2), 45. 867, 1886 ; W. Spring, Ber., 7. 
1160, 1874; A. Hantzsch, i6., 42. 68, 1909; A. Naumami, ib., 37. 4329, 1904; 42. 
3790, 1909 ; 47. 1370, 1914; A. Schwicker, ib., 22. 1732, 1889; G. A. Barbaglia and 
P, Gneci, ib., 13. 2325, 1880 ; Atti Soc. Toscana, 4. 192,’ 1879 ; A. Longi and L. Bonavia, Gazz. 
Ohim. Hal., 28. i, 325, 1898; A. Miolati and E. Mascetti, ib., 31. i, 93, 1901 ; J. 8. Muspratt, 
Chemist., 4. 433, 1843 ; Mem. Chem. Soc., 3. 292, 1848 ; Phil Mag., (3), 30. 414, 1847 ; 
Liebig^s Ann., 50. 268, 1844; E. Piiwoznik, ib., 164, 46, 1872 ; A. Geutber, ib., 224. 220. 
1884 ; E. Dresel and J. Lenhoff, German Pat., D.R.P. 80185, 1895 ; J. Kranz, ib., 65784, 
1891 ; E. Hene, ib., 424949, 1924*; R. PayeUe and E. Sidler, ib., 80390, 1894 ; G. Tauber, 
ib., 43921, 1887 ; G. E. Stahl, Specimen Becherianum, Frankfurth, 1702 ; Zufallige Gedanhen und 
nMzliche Bedencken uber den Streii von dem sogennanM/ri Sulphure, und zwar sowol dem gemeinen, 
verbrennlichen, oder JUtcMigen, als unverbrennlichen oderfixen. Hade, 1718 ; C. Scbultz-Sellaok, 
Journ. prakt. GMm., (2), 2. 459, 1870 ; B. W. Gerland, Proc. Manchester Lit. Phil Boo., 10. 129, 
1871 ; B.A. Rep., 56, 1870 ; Chem. News, 23. 136, 1871 ; Jonrn. praJct. Chem., (2), 4. 132, 1871 ; 
A. Rohrig, ib., (2), 37. 223, 1888; Revision einiger aUerer Ang^en Uber schwejligmure Sake, 
Leipzig, 1888 ; G. Scurati-Manzoni, Gazz. Chim. Hal., 14. 361, 1884 ; K. Barth, Zeil phys. Chem., 

9. 176, 1892 ; B. Luther, ih., 45. 662, 1903 ; A. Titoff, ib., 45. 641, 1903 ; F, Haber and F. Bran, 
t5., 35. 81, 1900 ; H. Traube, Zeit. Kryal, 22. 143, 1893 ; E. B. Evans and C. H. Desoh, Chem. 
News, 71. 248, 1895; J. Thomsen, Thermochemische Untersuehungen, Leipzig, 1. 169, 1882; 
Anon., Potassium sulphite, Continental Met. Chem. Engg.,2. 264, 1927 ; T. Thomson, Ann. Phil., 

10. 435, 1825 ; R- E. Inesegang, Arch, toiss. Photochem., 34- 363, 1896 ; M. Trautz, Phys. Zeit., 
7. 899, 1906; Zeit. wm. Photochem., 4. 361, 1906; Zeit. EkUrocheml, 13. 650, 1907; 
A- J- Adniand and R. E. W. Maddison, Journ. Chem. Soc., 650, 1927 ; F, Thomas, Verzogenmg 
und BescUemigung chemischer Vjrtgdnge dutch Idcht, Freiburg i. Br., 35, 1908 ; K. F- Ochs, 
Ueb^ OxydatkmS' und ReduMions&dten, nebst einem BeUrag zur Bau&ratoffkatalyse der sohwefligen 
Sdure, Gottingen, 1896; J. J, Bemhardi, Trommsdorffs'Jmm., 9. 14, 1825; M. Ooudouma, 



SULPIIUK 


Ann. Falsify 14. ;i47, 1921 ; H. G. (Ireeriish and F. A. U. Smiili, Pharni. Jouni.y iS), 66. 774, 
1901 ; W. B. Giles and A. Schcarer, Joiirn. Soc. Chem. Irid.y 3. 187, 1884; S. L. Siieiieneld, 
K. 0. Vilbrandt, and J.B. Withrow, C'Aew?. Engg., 25. 953, 1021 ; V. Basket, Joiini. Phartn. 
GUm , (3), 15. 333, 1849 ; W. G. Ciiiopiii, Jow???. Puss. Phys. Chem. Soc., 43. 554, 1911 ; M. Honi- 
and E. Zatzek, Siizber. Ahid. Wien, 88. 521, 1884; G. Bredig and W. Pemsel, EdeAd Jahrh. 
Phot., 541, 1900 ; G. 8. Eraps, Chem. Journ., 23. 202, 1900 ; J. H. Platt and D. Hudson, 

Joum. Soc. Dyeis and Col., 42. 348, 1920 ; W. Eidmann, Ehi Beitrag zur Erkennttiis des V crhalteiis 
chemischer VerhndnngfU in nlchtwasserigen Losutigen, Giesen, 1899 ; N. N.Mittra anclN.R. Dhar, 
Zeit. nnorg. Chem., 122. 146, 1922 ; R. M. Purkayo.stha and N. R. Dhar, ib., 121. 156, 1922 ; 

N. B. Dhar, ib., 144. 289, 3925 ; 153. 323, 1926 ; Proc. Acad. Amsterdam, 23. 1074, 1921 ; VersL 
Akad. Amsterdam, 29. 1023, 1921 ; ihoc. Akad. Amsterdam, 23. 299, 1920 ; E. H. Kiesenfeld and 
T. F. Egidius, lb., 85. 217, li)14 ; F. Forster, A. Brosche, and C. Norberg-Sclmlz, Zeit. phys. Chem., 
110. 435, 1024 ; F, Forster and K. Kubcl, ib. 139. 261, 1924 ; F. Martin and L. Metz, Zeit. anurg. 
Chem., 127. 83, 1923 ; D. N. l^arassenkofl, ib., 169. 407, 1928 ; T. Ito, tb., 170. 99, 1928 ; F, Feigi, 
ib., 119. 305, 1922 ; V. J. Sihvonen, Zed. Physik, 20. 272, 1923 ; C. Mouren, G. Dufraisse, and 

M. Badoche, Cofnpt. Pend., 179. 237, 1924 , C. MourouandC. Dufraisse, Chem. Pev., 3. 113, 1926 ; 
B. Huerre, Jonrn. Pharni. Chim., (7), 28 . 223, 1923 ; G. Borneo and E. d’Amico, A 7 m. Chim. 
Applicata, 15. 320, 1925 ; X. Sabalitachka and G. Knhiseh, Arch. Phamn., 262 . 105, 1924 ; A. and 
B. Lumiere and A. Soyowetz, Bull. Boe. Chim., (3), 33. 444, 1905 ; Pev. Gen. Chim., 7. Ill, 1894 ; 
I. M. Kolthoff, Cheyn. Weekbl., 46 . 1154, 1919 ; F. Ferrabosehi, Proc. Chem. Soc., 25 . 179, 1909 ; 

O. Loew, Ayyier. Jouryi. Seieyicc, (2), 49. 368, 1870; H. Blumenberg, U.S. Pat. No. 1642535, 

1927 ; E. Isnard, Journ. Pharyn. Chim., (8), 6. 211, 1027 ; A. W. Francis, Jouin. Amer. Cheyyy. 
Soc., 48. 655, 3926 ; F. E. Brown and J. E. Snyder, ib., 47. 2671, 1925 ; J. H. 0. Smith and 
H. A. Spochr, ih., 48. 107, 1925; S. W. Young, tb., 23. 119, 1901 ; 24. 297, 1902 ; F. 0. Bice, 
ib., 48- 2099, 1920 ; E. Saillard, Zeit. Ver. deuf. Zuckerhid., 63. 1035, 1043, 1913 ; H. P. Steven.s. 
Bull. Piihber Growers Assoc., 6. 203, 1924 ; W. Sohider and A. Wilhelm, Zeit. angeic. Chem., 32, 
198, 1919 ; D. Wohler and J. Diorksem, ib., 39. 33, 1926 ; J. Milbauer and J. Pazourek, Ohmt. 
Lisiy, 15. 34, 1921 ; S. Miyamoto, Bull. Japan. Chem. Soc., 2. 74, 155, 191, 1927 ; 3. 76, 95, 1928 ; 
Science Papers Pist. Phys. Ohem. Research Tokyo, 7. 40, 3927 ; S. L. Bigelow, Zeit. phys. Chem., 
26. 493, 1898; N. SehdoAV, v5., 42. 641, 1903; J. Ovormiller, ib., 109. 145, 1924; F. Forster, 
A. Brosehe, and 0. JNorberg-Sohulz, ih., 110.435, 1924 ; J. Pinnow, Zeit. Elektrochem., 29. 547, 
1923 ; C. E. K. Mees and S. E. Sheppard, Zeit. miss. Photochem., 2. 5, 1904 ; A. Klemenc, Ber., 
58. B, 492, 1925; M. H. Godby,iVoc. Soc., 23. 241, 1907 ; G.T.MorganandJ. D. M. Smith, 

Journ. Chem. Sac., 119. 106(), 1921 ; A. E. Arbusolf, Jouryi. Puss. Phys. Chem. Soc., 41. 447, 1909 i 
W. P. Jorissen and 0. van den Pol, Pec. Trav. Chim. Pays-Bas, 44. 805, 1925 ; W. P. Jorissen, ib., 
42. 855, 1923 ; W. Keinders and S. I. Vies, ib., 44. 240, 1925 ; S. i. V15s, ib., 46. 743, 1927 ; 

N. B. Lewis and A. G. 1). Kivott, ib., 42 . 054, 1923 ; Journ. Chem. Soc., 125 . 1156, 1162, 1924 ; 
F. H. Getman, Jonrn. Phys. Cheyn., 30 . 266, 1926 ; J. H. Mathews and L. H. Dewey, ib., 17. 211, 
1913; K. B, Mason and J, H. Mathews, z6., 30 . 415, 1926; J. H. Mathews and M, E. Weeks, 
Jouryi. Altar. Chetn. Soc., 39 . 635, 1917 ; H. J. L. Backstrom, ib., 49 . 1454, 1927 ; J. B. Austin, 
ih., 50 . 333, 1928 ; K. H. Butler and D. McIntosh, Tratia. Pay. Soc. Canada, (3), 21. 19, 1927 ; 
8.8 Bhatnagar and C. L. Dhawan, PML 3Jag., (7), 5 . 536, 1928; H. S. Taylor, Journ. Ind. 
Bn(j. Chem., 20 . 443, 1928 ; R. 5. Phillips, Aymlysl, 58 , 150, 1928 ; B. do Forcrancl, Ayin. Chitn. 
Fhys., (6), 3. 243, 1884 ; F. Ephraim and G. Aellig, Helvetica Chitn. Acta, 6. 37, 1023 ; H. Reck, 
Phartn. Cenirh., 66. 3, 1925 ; K, Arii, Bull. hist. Phys* Chetn. Research Tokyo, 7. 83, 891, 1928 ; 

P. Ncogi and B, G. Bbattaoharyya, Journ. hidian Oheyn.^oc.,%. 333, 1929. 

§ 17. The Sulphites of the Copper Family 

A. F. do Fourcroy and L. N. Vauquelin ^ observed that a yellowisli-red pre- 
cipitate is formed wlicn a Boln. of cupric sulphate is treated with an alkali sulphite 
and, for a time, it was considered to be a copper sulphite. The product w^as in- 
vestigated by M. E, Oluwrcuh J. S* Muspratt, 0. Dopping, 0, F. Raimnelsberg, 
etc. It is probably a mixed salt— -Uidc ififra. The normal copper ^sulphite, GuSO^, 
has not been obtained in a stable lonn in siq. media. G-. T. Morgan and F, H. Bur- 
stall showed that the cujnic ion is reduced, forming a red preeijutate of cuprosic 
sulphite, Chi(GuS0;t)M.2Il20, Th<‘, stability is enhanced by ammiiiatiou, for P. Pud- 
schies prepan^d cupric tetramminosulphitei, [Gu(]SriIa) 4 ]S 0 ; 5 . 2 H 20 , by the action 
of sodium sulphite on a soln. of cupric tetramininoacetate. The salt is hydrolyzed 
by water. The partition coofL with chloroform was measured ; and the electrical 
conductivity at 18® of a mol of the salt in v litres of ammoniacal soln. was found 
to be : 
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(I. T. Morgan and F. H. Burstallalso prepared copper aquoethyleiiediamiBOSiilplaite, 
[Cu(H20)en]SO3j by the action of an aq. soln. of ethylenediaminc on cuprosic 
sulphite ; and copper hisethyleiiediiaminosulphite, [CuenglSOs, by adding copper 
to a suspension of silver sulphite in ethylenediamine. This is the more stable 
of the two salts. The aq. soln. of the aquoethylcnediaminosulphito decomposed 
on -warnaing to give a brown precipitate containing cuj)roiis oxide ; dil. sulphuric acid 
caused a separation of red metallic copper, whereas hydrochloric acid gave cuprous 
chloride, both reactions being accompanied by evolution of sulphur dioxide. On 
exposure to air this sulphite oxidized slowly ; at 100° it blackened, and at higher 
temp, its colour changed to brown. Copper hisethylenediaininosulphite is hygro- 
scopic, hut it remained unchanged in a closed vessel ; its aq. soln. was not visibly 
affected by boiling. In cold soln. of the salt, silver nitrate, and barium chloride 
produced, respectively, copious white precipitates of silver and barium sulphites. 
With sodium hydroxide the soln. remained clear, but its colour changed from 
purple to blue ; the colour vras discharged by mineral acids. A. iStard showed 
that when sulphur dioxide is passed into a soln. of cupric acetate, a complex cuprosic 
sulphite is formed. By varying the temp, and relative proportions of acid and 
water, a whole series of basic salts can he obtained with colours varying from light- 
brown to deep violet. If the soln. is very dilute, cuprous oxide is formed. All 
these basic salts are perfectly homogeneous and crystallize well, hut the proportion 
of copper varies as if their composition was governed hy the physical conditions 
and not by the laws of chemical combination. One of these salts was obtained 
several times in violet crystals of cuprous enneoxysulphite, CU2O.CU2SO3. When 
sulphur dioxide is passed into a boiling, sat. soln. of basic cupric acetate in acetic 
acid of sp. gr. 1 *06, the soln. becomes blue, and a heavy precipitate of white, nacreous 
plates is formed. The passage of the gas is discontinued before this p^recipitate 
is converted into the violet basic salt ; the liquid is decanted off, and the precipitate 
is washed successively with water, alcohol, and ether. The product is cuprous 
sulphite, C112SO3.H2O. It forms colourless or pale amber hexagonal pdates which 
act on polarized light, and have a sp. gr. 3*83 at 15°. J. B. Ragojsky obtained a 
red cuprous sulphite by treating ammonium cuprous sulphite with sulphurous 
acid, but L. P, de St. Grilles, C. F. Eaminelsherg, and N. Svensson could not 
verify this. A. iStard observed that hy prolonged and repeated digestion with 
sulphurous acid, the ammonium cuprosic sulphite first formed is completely con- 
verted into brick-red, prismatic crystals of CU2SO3.H2O, which act on polarized 
light, and have a sp. gr. 4*4:6 at 15®. The red sulphite is more readily obtained 
hy the action of sulphurous acid on sodium cuprous sulphite. Cuprous sulphite 
exists, therefore, in two isomeric modifications which differ in colour and sp. gr. 
The white modification may be converted into the red by prolonged digestion with 
sulphurous acid in sealed tubes. The white salt corresponds with the white cuprous 
chloride and acetate, and is the normal cuprous sulphite. The red salt, oufrous 
isosulpMtey is in all probability a polymeride, (Cu2S03)8.8H20, because, when treated 
with a cone. soln. of sodium sulphite, it forms a brown octosulphite, 
CuaNai6HxoS802s-43H20 ; whereas the white, normal sulphite furnishes white 
Na2Cu(S03)2.H20. J. B. Eogojsky said that the red sulphite forms a colourless 
soln. ; and when the hydrochloric acid soln. is diluted, it forms a colourless liquid ; 
6. Eroupa found that the salt is soluble in sulphurous acid ; and G. Denigbs, that 
it forms unstable, complex salts with pyridine. S. B. Newbury thought that the 
brown precipitate formed by the action of boiling water on 3Cu0.2803.1|'H20, is 
cuprous sulphite ; hydrochloric acid converts it into cuprous chloride. 

It is possible that many of the complex copper sulphites are solid soln., not 
chemical individuals. J. B. Ragojsky prepared anhydrous ammonium cuprous 
sulphite, (NH4)2S03 .Cu 2S03, or (NII4 )CilS 03, by adding cupric sulphate to an 
excess of ammonium sulphite and adding more cupric sulphate and warming the 
soln. FO as to dissolve tlie yellow precipitate. Six-sided, colourless p)Htes separatii 
from the soln., hnd they can be washed with cold water. Ho also made it by 
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precipitating cupric sulphate with, an excess of ammonium sulphite and passing 
sulphur dioxide through the brown mixture until it is colourless ; and by passing 
sulphur dioxide, for not too long, through an animoniacal soin. of cuprosic sulphite"; 
L. P. de St. Gilles, and H. Vohl also prepared this salt. B. Vorlander and F. Meyer 
obtained this salt by saturating with sulphur dioxide a soln. of 70 grins, copper 
sulphate in 300 c.c. of water, and 140 c.c, of 33 per cent. aq. ammoma ; adding 
100-130 c.c. more aq. ammonia, and passing sulphur dioxide until the liquid became 
colourless, and cooling the soln. A. Rosenheim and S. Steinhauser mixed a mol 
of freshly precipitated cupric carbonate with a soin. of 6-8 mols of ammonium 
hydrosulphite. The white crystals are stable in air ; they form a basic cuprosic 
salt with boiling water ; cone, sulphuric acid forms copper and cupric sulphate ; 
copper sulphate soln., cuprosic sulphate ; sulphur dioxide forms cuprous sulphite ; 
acids dissolve the salt with the evolution of sulphur dioxide. A. Commailie pre- 
pared the hydrate, (]S[H4)Cu(S03).H20, by passing sulphur dioxide into an 
ammoniacal soln. of cupric sulphate, or into an ammoniacal soln. of cupric 
acetate decolorized by copper ; and A. fitard, by boiling a soln. of cuprosic sul- 
phite with cone, ammonium hydrosulphite, and washing the six-sided, colourless 
plates successively with water, alcohol, and ether. The crystals are stable in air. 

F. L. Hahn and co-workers prepared complexes with ammonium and copper 
sulphites by adding an excess of the alkali sulphite to a soln, of the metal sulphite 
in ammonia, alkali acetate, or acetic acid, and evaporating oS the ammonia or 
sulphur dioxide when necessary. H. Bottinger prepared diammonium tetracuproiis 
trisulpMte, (NH4)2S03.2Cu 2S03.2H20, from a mixture of a soln. of cupric sulphate 
and an excess of ammonium sulphite with enough sulphurous acid to prevent 
precipitation on warming, or allowing the soln. to stand in a closed vessel, the salt 
appears in white plates, which, when heated, form cuprosic sulphite. J. S, Muspratt 
prepared the same salt ; but N. Svensson thinks that the salt is impure ammonium 
cuprous disulphite. A. Rosenheim and S. Steinhauser obtained tetrammonium 
dicuprous trisulphite, 2(NH4)2S03.Cu2S03.3H20, in yellow needles, from a mol 
of freshly precipitated cupric carbonate and 15 mols of ammonium hydrosulphite. 
N. Svensson obtained pentammonium cuprous trisulphite, (NH4)5Cii(S03)3.H20, 
in yellow needles, from a soln. of cuprosic sulphate and ammonium sulphite mixed 
with aq. ammonia ; A. Rosenheim and S. Steinhauser, dodecammonium dicuprous 
heptasulphite, 6(NH4)2S03.Cu2S03.4H20, in pale yellow needles, from the mother- 
liquor obtained in preparing dihydrated heptaiuinoiiium cuprous tetrasulphite, 
(NH4)7Cu( 803)4.2H20, in white needles, and cooling the soln., by boiling cuprosic 
sulphite with normal ammonium sulphite ; the pentahydrate^ (NH4)7Cu(S03)4.5H20, 
in white needles, was obtained by L. P. de St. Gilles from a mixed soln. of cuprous 
chloride and an excess of ammonium sulphite ; R. Svensson, by passing sulphur 
dioxide into a soln. of cupric tetramminoxide. A. Rosenheim and S. Steinhauser 
Could not confirm this ; but it was obtained by N. Svensson, by adding cupric 
sulphate or cuprosic sulphite to an excess of a soln. of ammonium sulphite. 
A. fitard prepared lithium cuprous sulphite, LiCuS03.H20, by boiling a soln. 
of cuprosic sulphite with a cone. soln. of lithium hydrosulphite, and washing 
the precipitate successively with water, alcohol, and ether. F. L. Hahn and 
co-workers prepared complexes with sodium sulphite as in the case of the ammo- 
nium complexes. A. Commailie made sodium cuprous sulphite, RaCuSOg.H^O, 
by adding a cone. soln. of cupric acetate to a cone. soln. of sodium sulphite so 
long as the precipitate dissolves. The green soln. is gradually decolorized, 
and furnishes colourless crystals. R. Svensson, and A. Rosenheim and S. Steiii- 
hMser obtained it by the action of a cone. soln. of sodium hydrosulphito on 
cupric carbonate; and A. fitard, by boiling cuprosic sulphite with a cone, 
soln. of sodium hydrosulphite. The salt is fairly stable but decomposed by 
water. A. Commailie obtained the Jiemihenakydrate in ^ colourless or ^ white 
quadratic plates, by leaving the preceding salt in contact with its mother-liquor ; 
R. Svensson, from a boiling soln. of cuprosic sulphite in a cone. vSo1n. of sodiuiu 
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iSulpbite — A. Ruaenlxeiin and S, Steinlianser obtained a vsiinilar salt but t)f 
v^ariable composition ; and A. fitard, 1)7 the action of a cone, solii. of sodium 
hydros iilpliitc on cuprous sulphite, A. Rosenheim and S. Steinhiiuser obtained 
yellow, microscopic crystals of tetrasodium decaeuprous heptasulphite^ 
2NaoS03.5Cu2S03.30H20, by the action of a sat. soln. of 2 mols of sodium hydro- 
sulphite on a mol of freshly-precipitated cupric carbonate ; and hexasodiiim tetra- 
cuprous pentasulpMtes 3Na2S03.2Cu2S03.29Il20, by the action of sulphur dioxide 
on cone. soln. of cupric sulphate and sodium carbonate cooled by^ ice ; and 
N. Sveiissoii, by the action of sulphur dioxide on a soln. of ciiprosic sulphite in a 
cone. soln. of sodium sulphite. J. S. Muspratt obtained yellow crystals of penta- 
sodium cuprous trisulphite, Na5Cu(S03)3.19H20, hy treating with a cone. soln. of 
sodium sulpMte the soln. obtained by passing sulphur dioxide into water with 
cupric hydroxide in suspension, mixing the liquid with absolute alcohol, and allowing 
tlie soln. to stand in vacuo. N. Svensson said that the product is really cuprosic 
sulphite, but he obtained the salt by adding a soln. of sodium sulphite to one of 
cup)xie. sulphate so long as the yellow precipitate dissolves, adding alcohol, and 
evaporating over sulphuric acid and calcium chloride. N. Svensson also reported 
heptasodiimi cuprous tetrasulphite, Na7Cu(S03)4.9JH20, in needle-like crystals, 
hy adding alcohol to the mother-liquor from heinihenahydrated sodium cuprous 
sulphite ; and A. fitard obtained sodium cuprous hydroctosulpMte, 
Na^ 6CU6HX0S8O04.43H2O, by treating the red cupric sulphite with a cone. soln. of 
sodium hydrosulphite, and washing successively with water, alcoliol, and ether. 

M, E. Chevxeul o])tainecI «a yellow precipitate wntli a not ioo dil. mixture of 
jp^uj>ric nitrate and potassium sulphite. E. J. Otto represented the precipitate 
obtained with copper sulphate and potassium hydrosulphatc as potassium cupric 
trisulphite, 2K2SO3.CUSO3. N. Svensson said that this profluct is a mixture. 
F. X. Hahn and co-workers obtained complexes with potassium sulphite as in the 
case of tlie coniplexc'^ with the ammonium sulphite. A. fitard obtained potassium 
cuprous sulpMte, KCUSO3.H2O, by boiling cuprosic sulphite with a cone. soln. of 
}3otassiuni hydrosulpliite and washing successively with water, alcohol, and otluT. 
A. Rosenheim and S. Steinhauser saturated with siilx^hur dioxide a mixture of a 
colic, soln. of cu]3ric sulphate and an excess of potassium carbonate cooled by a 
freezing mixture ; and they obtained the same salt by the action of a mol of cupric 
sulphate and 10 or more mols of potassium hydrosulphite. N. Svensson reported 
tripotassium cuprous dihydrotrisulphite, E:8H2Cu(S03)3.2iH20, to be formed 
ill yellow needles hy treating freshly precipitated cupric carbonate with a soln. 
of potassium hydrosulphite saturated with sulphur dioxide; if an excess of 
the potassium hydrosulphite is used, or if a soln. of potassium carbonate be 
mixed with cupric carbonate and sat, with sulphur dioxide, while cpoled with ice, 
tetrapotassium cuprous trihydrotetrasulpMte, K4CuH3(S03)4, is formed as a 
crystalline mass decomposed by water. C. E. Eammelsberg reported crystals of 
3K2SO3.CU2SO3.I6II2O, to he formed by digesting the yellow precipitate, obtained 
hy the action of potassium sulphite on a soln. of cupric salt, with a cone, soln, 
of potassium sulphite, hut A. Rosenheim and S. Steinhauser showed that the 
product is a naixture. 

According to H. Banbigiiy, when aq. soln. of 4 grms, of copper sulphate and 
13 grms. of sodium sulphite are mixed in a sealed tube at ordinary temp., in a 
iew hours, colourless crystals of sodium cuprous sulphite, Na2S03.CuS03.12B[20, 
or NaCuSOs.BEoO, are formed, and the liquid contains the amount of dithionato 
indicated by: 20uS04+4Na2S03=2Na2S04-hCu2S03.Na2S03+Na2S206. The 
double sulphite is unstable, and, on exposure to air5.it is oxidized with the loss of 
water. If the initial substances are mixed in hot soln. a colourless liquid results 
and a red precipitate is formed as a decomposition product of the sodium cuprous 
sulphite first formed. Its composition is CuoCOHja.Gu.SOs.bCiiSOgAHsO. 

It was fomierly assumed that the products obtained by A. F. de Eourcroy and 
b. N. VauQueliu, 3f. E. Clievrouh, T. Berthier, and J. S. Muspratt, hy the action 



SULPHUR 


277 


of warm sulphiu'oiis acid on cupric oxide, hydroxide, or carbouate, were more or 
less impure cuprous sulphite. M. E. Ohevreul gave dCu^O.SSO.^.SHoO ; and 
J. S.Muspiatt, CU2SO3.H0O ; H. Bottinger, and 0. Doppingl SCuoO.iSOo.^H^O ; 

N. A. E. Millon and A. (Jominaille said that the product contained up to about 
6 per cent, of cupric sulphate which could not be removed by washing. C. E. Ram- 
inelsberg treated tlie soln. wdth ether and obtained what he regarded as cliJiyimted 
cuprosic sulphite, Cu2SO3.CuSO3.2H2O, and this was confirmed by L. P. de St. 
Gilles, J. B. Rogojsky, and N. Svensson. According to S. B. Hewbury, if moist 
cupric hydroxide, free from sulphate, is treated with sulphurous acid cooled by a 
freezing mixture, it becomes yellow, and then forms a dark green liquid which, 
after standing several hours at ordinary temp,, precipitates the red salt when 
warmed, while the soln. becomes colourless. Relafed products were obtained by 
the action of sulphurous acid on cupric oxide — P. Berthier ; cupric hydroxide — 
R. Bottger, J. S. Muspratt, and A. Vogel. By passing sulphur dioxide into a 
cone. soln. of cupric sulphate at 100°, P. Binnecker, L. Meyer, P. Wohler, O. Bop- 
ping, T. j^arkman, and L. P. de St. Gilles obtained the cuprosic salt, S. B. Hew- 
bniy passed the gas vslowly into a 10 per cent. soln. of cupric sulphate containing a 
thin strip of cop[)(‘r ; E. Paterno and U. Alvisi precipitated the salt by j)assing the 
gas into a soln. of cupric fluoride in dil. hydrochloric acid; L. P. de St. Gilles, 

O. Bopping, T. Parknian, A. Vogel, anid A. fitard by passing the gas rapidly 
into a soln. of 77 grins, of cupric acetate in a litre of water at 65° until the yellow 
precipitate first formed has dissolved and allowing the soln. to stand — a red salt 
is deposited ; M. E. Ohevreul, by mixing a boiling soln. of potassium or sodium 
sulphite with copper sulphate or nitrate — J. S. Muspratt used a soln. of amnronium 
sulphite, and modifications were employed by J. Bourson, H. Bottinger, 
J. B. Rogojsky, 0. Bopping, and K. Seubert and M. Elten; J. B. Rogojsky, and 
L. P. do St. Gilles, by treating a sola, of ammonium cuprous sulphite -with copper 
sulphate ; G. Kroupa, by boiling a soln. of cuprous sulphite with an excess of 
sulphurous acid ; H. Bottinger, J. S. Muspratt, and L. P. de St. Gilles, by boiling 
a soln. of ammonium cujjrosic sulphite with water ; L, P. de St. Gilles, by boiling, 
or allowing to stand, a soln. of cuprous sulphite in sulphurous acid ; and K. Seubert 
and M. Eten, by boiling the filtrate from the basic sulphite. The salt furnishes 
dark red, garnet-red, cochineal-red, or reddish-brown plates or needles or octahedra 
— not cubic octahedra. A. fitard gave 3*57 for the sp. gr. at 15°. M. E. Ohevreul 
said that the dry salt is stable in air ; and C. F. Rammelsberg found that when 
heated out of contact with air to 150°, some hygroscopic moisture is expelled ; at 
a higher temp., water and sulphur dioxide are given ofi ; and at a red-heat there 
remains brown cuprous oxide and cupric sulphate. If heated in hydrogen, copper 
and its sulphide and sulphate remain. A. ilStard said that at 180°, in a current 
of sulphur dioxide, carbon dioxide or monoxide, cupric oxide and cuprous sulphide 
are formed ; and in hydrogen sulphide, GU3S2 is formed. ,P, Berthier said that the 
moist salt in air forms a mixture of neutral and basic cupric sulphate, li. Gin, 
and M. E. Ohevreul found that the salt is sparingly soluble in cold water ; and when 
boiled with water, M. E. Ohevreul said that sulphur dioxide, cupric sxdphate and 
sulphide, and cuprous oxide are formed. J. S. Muspratt, H. Bottinger, and 
0. Bopping made observations on this subject. C. Geitner found that when heated 
with water in a sealed tube at 200°, crystal plates of copper, and a soln. of cupric 
sulphite and sulphate are formed, A. ifitard, and G. Gin made observations on this 
subject. G. Gin, and P. Berthier said that the salt is soluble in sulphurous acid 
hydrochloric acid, aq. ammonia, and a soln. of cupric sulphate. The ammoniacal 
soln. is blue j and, according to 0. F. Rammelsberg, the hydrochloric acid soin. 
is brown, and when, diluted, green — ^J. S. Muspratt said that the hydrochloric acid 
soln. is colourless; and 0. Dopping, yellow. The soln. in dil. nitric acid is not 
attended by the evolution of gas, and it is colourless. L. P. de St. Gilles, and 
T. Parknian obtained the pentahydrate, CuSO3.Cu2SO3.5H2O, from the emerald- 
green soln. obtained by passing sulphur dioxide into a soln. of cupric acetate. 
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N. A. E. Millun auil A. Gommaille did not obtain constant proportions for Cu : On". 
A. Etard maintained that the red-colonred salt just described is a cuprosic octo- 

siilpliite, CuioSs024.26H20. 

A. } 5 tard obtained a basic salt cuprosic oxyoctostdphite, OUi.O.Cu’\4Cu‘4S803p5H20, 
as a yellow crystalline precipitate, by passing sulphur dioxide into a soln, of cupric acetate 
at M Bertlielot obtained a basic sulphate by the reducing action of copper on sul- 

phune acid. V. Sarina obtained a red, granular precipitate of cupromc oxysidphite, 
CU0O.CUSO3.5H.O, by the action of sulphur dioxide on yellow cuprous sulphide suspended 
in dll. alhali'lye. 

L. P. de St. Gilies obtained pentahjdrated ammonium cuprosic sulphite, 
(NH4)2S03.2CuoS03.CuS 03.5H20, in pale green, rhombic, doubly refracting plates 
by mixing soln. of cupric sulphate and ammonium sulphite, cacli saturated with 
sulphur dioxide ; and N. Svenssoii, by passing the same gas into a soln. of cupric 
sulphate mixed with not quite enough ammonia to dissolve the preci- 
pitate. A. Rosenheim and S. Steinhauser obtained the hemitridecahydfate 
by passing sulphur dioxide through a cone. soln. of cupric sulphate mixed 
with ammonia until precipitation begins. A. iStard repoited sodium cuprosic 
tetrasulphite, Na8Cui2S40i2.18H20, to be formed in chrome-ycilow prisms, by 
moistening cuprosic sulphate with a cone. soln. of sodium hydrosulphite — not in. 
excess ; by shaking a cone., aq. soln. of sodium hydrosulphite with ])Owdered, 
anhydrous cupric sulpdiate ; and by treating cupric acetate with an excess of a cold, 
cone. soln. of sodium hydrosulphite; A. Rosenheim and S. Steinhauser made hexa- 
Jiydmted sodium cuprosic pentasulphite, 2iSra2SO3.Cu2SO3.2ChuSO3.GH2O, in deep 
yellow crystals, by the action of a sat. soln. of 10-20 mola of sodium hydrosulphite 
on a mol of freshly precipitated cupric carbonate, and cooling tjie yellow soln. with 
ice. They also obtained an octohydrate of the same salt. A. Etard obtained dark 
reddish-brown crystals of sodium cuprosic octosulphite, NagCii4S8024.9H20, by 
treating red cuprous sulphite with a cone. soln. of sodium liyclrosulpliitc. 

J. B. Ragojsky reported potassium cuprosic heptasulpMte, K2SO3.3CU2SO3. 
CuSOg, to be formed by boiling a soln. of copper sulphate with ])otassium sulphite ; 
L. P. de St. Gilies obtained potassium cuprosic tetrasulphite, K2SO3.2CU2SO3, 
CuSOs.bHoO, in green prismatic plates, by mixing cupric nitrate with a cono. soln. 
of potassium sulphite sat. with sulphur dioxide. A. RoHtinhciin and S. Steinhauser 
prepared potassium cuprosic hexasulphite, K2S03.(Ju2S03.4(JuB04.J6E[20, as a 
yellow crystalline mass, by mixing cone. soln. of a mol of cupric sulphate and 4'6 
to 8 mols of potassium hydrosulphite. 

P. Berthier obtained a soln. of cupric sulphite, CUSO3, by the action of sulphurous 
acid on cupric carbonate ; and S. B. Newbury said tliat tlic soln, is fairly stable 
at 0°, but the solid salt could not be isolated. N. A: E. Millon and A. Commaille 
obtained GUSO3.2IH2O, by passing sulphur dioxide into a Huspcnsioxi of cupric 
hydroxide in alcohol. The green salt is insoluble in water, and i b not decomposed by 
that liquid. P. Pudschies reported a dark blue mass of crystals of cupric ammino- 
sulphite, CuS03.4:NH3.2Il20, from a soln. of cupric tetramminoacetatc and sodium 
sulphite. He measured the electrical conductivity of the soln., and also the parti- 
tion of ammonia between an ammoniacal soln. of the salt and chloroform. The 
salt is hydrolyzed by water. A. fitard obtained cupric oxysulpMte, CuO.CuSOs, 
by heating the cuprosic sulphite to 180° in an atm, of sulphur dioxide or carhon 
dioxide or monoxide. H, Seubert and M. Elten obtained cupric hexahydroxytetra- 
sulphite, 4CuS03.3Cu( 0H)2.5H20, by cooling to 3° a soln. of 24*87 grms. of cupric 
sulphate and ,12*58 grms. of sodium sulphite in a litre of water. The green pre- 
cipitate readily oxidizes ; and dissolves without residue in sulphuric acid, 
S. B. Newbury prepared cupric oxydisujiphite, Cu0.2CuS03.nH[20, from the dark 
green soln. of cupric sulphite, formed by passing sulphur dioxide through well- 
cooled water containing precipitated cupric hydroxide in suspension, by exposure 
to air, or by passing^ a current of air through the soln., or by adding alcohol to the 
soln. The salt precipitated has a bright yellow ochre colour, and dries in air to a 
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yellow powder. It dissolves in dil, liydrocliloriG acid to a green soln., giving off 
sulphur dioxide without separation of cuprous chloride, and in dil. sulphuric acid 
without separation of metallic copper. On boiling with water for a few minutes, 
the compound undergoes complete decomposition, a deep-blue soln. of copper 
sulphate and a brown, insoluble substance being formed, which, by hydrochloric 
acid, is completely converted into cuprous chloride with liberation of sulphur 
dioxide, and dissolves in sulphuric acid with liberation of metallic copper. This 
substance is in all probability cuprous sulphite, for, on continued boiling 
with water, sulphur dioxide escapes and bright-red cuprous oxide is formed. 
When moist basic cupric sulphite is exposed to the air, it is gradually oxidized, 
forming cupric sulphate, which may he dissolved out by water, leaving a yellowish- 
green, insoluble powder, which gives all the reactions of the original substance. 
P. Pudschies treated the dark blue soln. of cupric tetranaminosulphite with a sat. soln. 
of sodium sulphite, and after the liquid had stood some time, he obtained a black 
product which had a variable composition — ^possibly sedmm cupric amminosulphite. 

According to A. F. de Fourcroy and L. N. Vauquelin, S. Kern, and P. Berthier, 
silver sulphite, Ag2S03, is formed when a soln. of silver nitrate is treated with an 
excess of sulphurous acid or an alkali sulphite, and the precipitation is almost 
quantitative. J. S, Muspratt said that an excess of sulphurous acid tends to 
decompose the sulphite, and, according to H. Eose, if allowed to stand a long time 
or boiled with the sulphurous acid, metallic silver is formed ; an excess of alkali 
sulphite dissolves the precipitate. W. H. Sodeau made the sulphite by passing 
sulphur dioxide into a soln. of silver nitrate ; washing the precipitate with warm, 
distiEed water ; and drying in vacuo over sulphuric acid. The white precipitate 
of silver sulphite consists of minute crystals. J. S. Muspratt said the precipitate 
resembles silver chloride, and is blackened on exposure to light, while A. F. de 
Fourcroy and L. N. Vauquelin said that sunlight does not affect silver sulphite. 
W. H. Sodeau observed the blackening of both dry and moist silver sulphite on 
exposure to sunlight. E. Divers and T. Shimidzu said that silver and mercury 
sulphites are not like most other inorganic sulphites, in that they are not liable 
to atm, oxidation, P. Berthier said that the sulphite is decomposed at 100°, 
whether dry or immersed in water, forming sulphur dioxide, silver, and silver sul- 
phate ; S. Kern made a similar observation. W. H. Sodeau observed that the 
dry or wet sulphite is slightly darkened in an hour at 100° ; and blackened in an 
hour at 130°, in half an hour at 200°, and in a few seconds at 400°, J. S. Muspratt 
observed that sulphur dioxide is evolved below redness and silver and its sulphate 
are formed ; and at a higher temp., silver, oxygen, and sulphur trioxide are pro- 
duced, Gr. N. Lewis and co-workers found that when silver sulphite is decomposed 
by heat, the reaction does not occur in accordance with the equation : 
Ag2S03~Ag20+S02, hut that the solid product of the reaction is either a basic 
salt or a solid soln. In presence of water, reaction takes place more rapidly in 
accordance with the equation 2Ag2S03=2Ag+Ag2S04+S02, this reaction being 
catalyzed by the water. Sulphuric acid is then produced in consequence of the 
further reaction represented by Ag2S04+S02+2H20~2Ag+2H2S04. C. Geitner 
observed that water decomposes it into silver and silver sulphate, and P. Berthier 
showed that the reaction is faster if some potassium sulphite be present, or, according 
to J. S. Muspratt, sulphurous acid. In agreement with J. S. Stas, H. Baubigny 
said that in darkness silver sulphite is stable in the presence of water, but in diffused 
light it is decomposed, but the decomposition is slower than with heat. J . Bodner 
said that water alone decomposes the salt only when boiled, and silver is separated, 
H. Baubigny observed very little sulphur dioxide is formed by the action of boiling 
water ; the main products are silver, silver dithionate, and sulphate. If heated 
in a sealed tube, the sulphur dioxide acting on the dithionate increases the yield 
of sulphate ; and in a sealed tube at 200°, much sulphur dioxide and sulphate are 
produced by the decomposition of the dithionate. P. Berthier reported that silver 
sulphite is insoluble in water ; J. S, Muspratt, that it is very slightly soluble ; and 
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H. BauLigiiy, that Avater dissolves less than 0*05 grm. of silver sulpliite. T. Berthier 
found that it is almost insoluble in sul^duiroiis acid, hut is soluble in aq. ammonia ; 

H. Rose, that it forms soluble complex salts with alkali sulphites ; A. Rosenheim, 
that alkali hydrosulphite soln. dissolve marked quantities of the sulxrhite ; 
J. F. W, Hersehel, that it is easily soluble in a soln. of alkali thiosulphate ; P. Ber- 
tliier, that strong acids — not acetic acid — displace sulphurous anhydride ; 

I. Krutwig, that chlorine reacts : 2Ag2S03-l-2Cl2=4.Ag01“j-2S02+02 ; and 

0. W. B. Normand and A, C. Gumming, that iodine reacts : Ag2S03+i2+H20 
— 2AgI*+H2S04. G. Bruno and G. Levi prepared silver tetramminosulphite, 
AgsSOs.dNH^; and N. Svensson, sodium silver cHorosulphite, 3Na2S03AgCl. 
2IH2O, soluble in water. N. Steigmann found that soln. of the complex salt, 
wdth or without an excess of sodium sulphite, deposit a precipitate when kept 
several hours. The precipitate consists partly of silver sulphite, and partly of 
silver. The longer the soln. is kept, the higher the rates of silver in the precipitate. 
The autoreduction is strongly catalyzed by traces of a cop23er salt. 

A. F- de Fourcroy and L. IST. Vauquelin, and N. Svensson prepared ammonium 
silver? sulphite, (NH4)AgS03.Il20, by dissolving silver sulphate in a. soln. of ammo- 
niimi sulphite, and evaporating the liquid over sulphuric acid. If tlie soln. be 
warmed, it decomposes. The yellowish-brown prisms arc insoluble in water. 
N. Svensson, and A. Rosenheim and S. Steinhauser prepared prismatic crystals 
of ammonium silver heptasulpliite, 7(NH4)2S03.Ag2S03.19Ho0, by concentrating 
a soln. of freshly precipitated silver chloride in one of ammonium sulphite ; and 
also from a soln. of silver sulphite in an excess of ammonium sulphite. A. Rosen- 
heim and S. Steinhauser also obtained ammonium silver tetrahydroenneasulphite, 
4r(NH4)2S03.4(NH4)HS03.Ag2S03.16H20, which N. Svensson bad previously 
obtained and represented by the formula, 3{NH4)2S03.4(NIl4)HS03.Ag2S03.18Il2^> 
in hygroscopic, quadratic crystals, from the mother-liquor obtained from the salt 
which precedes ; from a soln. of silver chloride in one of ammonium sulphite and 
hydrosulphitc. The salt is freely soluble in water, and the soln. decomposes" when 
heated. The salt soon blackens in air, hut not in contact with its mother-liquid. 
Prismatic crystals of sodium silver sulphite, NaAgS03.H20(or 2H2O), were obtained 
by N. Svensson from a sat. soln. of silver sulphite in a sat. soln, of sodium sulphite ; 
and A. Rosenheim and S. Steinhauser, by a similar process. The salt is decomposed 
by water. The last-named also obtained needles of sodium silver tridecasulphite, 
12Na2S03.Ag.2S0g-8IH2O, from a soln. of silver chloride in a sat. soln. of sodium 
sulphite, H. Bauhigny obtained the same salt, and found that it slowly decom- 
posed at ordinary temp, in darkness, and more rapidly in light — silver is formed. 
Water at 100° forms 97*5 per cent, of dithionate, and 2*5 per cent, of sulphate. 
A, Rosenheim and 8. Steinhauser could not prepare potassium sflver sulpMte, 
from a soln. of silver sulpMte in one of potassium suipMte. 

0. YTinkler obtained colloidal gold by the action of auric chloride on a 
dil. soln. of sulphurous acid. A. Haase prepared anunouioixi aurous sulpMte, 
(NH4)3Au(803)2.1|-Il2O, from the mother-liquor of the amminosalt, and by treat- 
ing banum aurous sulphite with a soln. of ammoniirm carbonate. The ammonium 
aurous teaiiinaiaodisiilplHte, (RH4)Au3(S03)2.3NHs.4H20, according to A. Rosen- 
heim and co-workers, or, according to A. Haase, (NH4)20.3Au20,4S02.6Nir3.3H20, 
or 2(NH4)20.5Aii20.7S02.10NH3.2H20, was obtained by dropping a diL soln. of 
auric cHoride, as nearly neutral as possible, into a warm soln. of ammonium sul- 
phite in cone, ammonia. The regular, six-sided plates are wMte, and are rapidly 
decomposed in moist air. The soln. in aq. ammonia is decomposed, when warmed, 
with the separation of gold. The salt is also decomposed by water and acids- 
A. RGsenheim and co-workers preferred to represent this salt as ammonium aurosic 
mr€LsvIphite, Au5^Au'"{S03)4.8NH3.6H20. A. Haase prepared SK>diimi aurous 
disulpiiite, Na3Axi(S03)2.1 1-1120, by the action of a soln. of sodium carbonate on 
recently-precipiMted barium aurous sulphite. It is also formed by dropping a 
soln. of axuic chloride in a warm cone. soln. of sodLium sulphite ; by mixing sodium 
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ii3:^(lrosuI}jliitc witli a warm alkaline soln. of sodium aurate ; or bj the action of 
sulphur dioxide on an alkaline soln. of sodium aurate at Probably the 

same compound w^as described by C. Himly in 1846. The pale orange-coloured 
salt darkens when dried. The aq. soln. is gradually decomposed by air ; but it 
is more stable in the presence of an excess of sodium sulphite, or sulphurous acid. 
It is precipitated by alcohol from these soln It is decomposed by the stronger 
acids and gold is precipitated — both acetic and oxalic acids partially decompose 
the salt. Hydrogen sulphide gives a precipitate after acidification with hydro- 
chloric acid. Salts of copper, calcium, strontium, magnesium, zinc, aluminium, 
iron(ic), cobalt, and nickel give no precipitate. It is solnble in rather less than its 
owm weight of water, and is insoluble in alcohol. A. Rosenheim and co-workers 
regard the salt as a sodium aurosic sulphite. B. Oddo and Q. Mingoia prepared, 
the salt, hra5Au(S03)4.5H20, by neutralizing an aq. soln. of auric chloride with 
sodium hydroxide, and adding sodium sulphite ; the addition of alcohol to the 
filtrate precipitates the yellow salt which has a green fiuorescencc. The mol. wt. 
calculated from tlie low^ering of the f.p. of water has onc^-eighth to one-tenth the 
tiieoretical value ; so that the ionization is taken to be Na5Au(S03)4v^3S03"' 
+AuS03*-l-5Na‘ ; and the structure of the AuSOo^-ion, 0 : S^Oo^Au. The con- 
ductivity, (JL, of soln. with M mols per litre at 18° is : 

J\I . 0-0255 0-0140 0-0077 0-0034 0-0014 0*00021 

fx . .501 521 566 611 661-2 709*2 

The anti-tubercular action is discussed by H. Mollgaard. The salt is completely 
absorbed from hypodermic or intramuscular injection, whilst there is a definite 
bactericidal action on Koch’s bacillus, the antitubercular action is not so great. 
In man, the maximum tolerated dose is OT to 0*2 grm. A. Haase prepared potas- 
sium aurous disulphite, possibly K3Au(S03)2.'?«H20, from the barium salt as in the 
case of sodium aurous disulphite. 

A. Rosenheim and co-workers found that when a cone. soln. of auric chloride 
is added drop by drop to a soln, of ammonium sulphite, containing an excess of 
ammonia, and the soln. gently warmed, colourless, lustrous leaflets of auric tetram- 
minosulphite, Au2(S03)3(NH3)4.4H20, separate. The salt is decomposed by 
moist air, and in neutral soln. They also prepared sodium auric sulphite, 
5hra2S03.Au2(S03)3.28H20, by mixing a cone. soln. of auric chloride with sodium 
hydroxide, until the precipitate redissolves, and adding, drop by drop, a cone, 
soln. of sodium sulphite so long as the soln. remains alkaline. The pale yellow 
needles are washed successively with alcohol, and ether, and dried in air. The 
corresponding potassium auric octosulphite, 5K2S03.Au2{S03)3.5H20, was prepared 
in an analogous manner. E. Eremy obtained the salt, in yellow needles, by the 
action of potassium sulphite on a soln. of potassium aurate. It rapidly decomposes 
in neutral or acidic soln., but is stable in alkaline soln. Colourless needles of potas- 
idum auric tetramminohexasulphite, 3K2S04.Au2(S04)3.4NH3.4H20, were ob- 
tained by mixing a soln. of auric chloride with a cone, ammoniacal soln; of 
potassium sulphite, and cooling the filtered liquid. 
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§ 18. The Alkaline Earth Sulphites 

J. S. Muspratt i obtained calcium sulphite, CaS03.2H20, ty tbe action of alkali 
sulpldtes, or sulpliiiroiis acid, on a soln. of calcium bydroxide or chloride — ^K. Sen- 
hert and M. Elten recommended mixing OdiV’-soln. of calcium chloride and sodium 
sulphite, and obtained a precipitate free from basic salt. A. H. Rohrig passed 
sulphur dioxide into water in which calcium carbonate was suspended. The 
technical preparation of calcium sulphite was discussed by J. W. Kynaston, E. Powell, 
and A. Erank. E. E. Bichowsky prepared the diiydiate (1) by precipitation of 
fresh sodium bisulphite with calcium cHoride, (2) by recrystallization of commercial 
calcium sulphite from a soln. of sulphurous acid, (3) by partial oxidation of calcium 
thiosulphate with hydrogen peroxide in alkaline soln. (a new reaction), (4) by 
thermal decomposition of soln. of calcium thiosulphate. The white, precipitated 
sulphite was found by J. S. Muspratt to be sparingly soluble in sulphurous acid, 
and the soln. furnishes six-sided prisms, with a sulphurous taste. A. H. Rohrig 
found that at 80° three-fourths of the water of crystallization is expelled, and all 
at 100°. E. Schott showed that at 125°, the precipitated sulphite loses almost 
8*66 per cent, of water, and at a red-heat a variable amount of sulphur dioxide, so 
that the residue contains calcium oxide, sulphide, and sulphate. R. Gr. W. Parnell 
studied the precipitation of calcium sulphite in sugar factories. P. Porster and 
K. Kuhel observed that calcium sulphite decomposes at 650°,4:CaSO3^3CaSO4-f CaS, 
but above 900°, the eq_uilibrium is disturbed by the reaction CaS03:5:^Ca0-fS02. 
This dissociation is perceptible at 650°, and is almost complete at 1100°. The 
residue contains calcium sulphate and oxide because the eq[uilibrium 3S02^2S034'S 
becomes eSective at high temp. The rate of decomposition increases rapidly 
between 650° and 700°, Mt only slowly between 700° and 800°. P. R. Bichowsky 
gave 42*7 cals, per mol for the sp. ht. of CaS03.2H20 ; and for the heat of the 
reaction at 25°, Ca+S03-f2H20==CaS03.2H20-f9740 cals. M. Txautz and 
S.Paksehwer found (Ca,Sru,1402,2H20) =284*3 Cals.; andCaS03.2H20-|-H202a(i. 
=CaS04.2H2O-l-H2O-f81*3 Cals. The mixture of calcium sulphate and sulphide 
obtained by heating the sulphite to redness was found by A. Porster to be phos- 
phorescent. J. S. Muspratt observed that the sulphite slowly oxidizes to sulphate 
in air ; ICK) parts of cold water dissolve 0*125 part of salt. J. Robart showed 
that at 100°, a litre of water dissolves calcium sulphite eq. to 78 mgrm. of CaO ; 
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and a 12 per cent. soln. of sugar at tlie same temp, dissolves siilpLite eq- to 
37 mgrm. CaO. J. Weisberg found that a litre of a 10 per cent. soln. of sugar 
at 18° dissolves 0-0825 grm. of calcium sulphite, and 0-0800 grni. is dissolved 
by a 30 per cent. soln. of sugar at 18°. F. R. Bichowsky gave 0*04372 inols per 
litre at 25°. T. van der Linden found that the solubility of calcium sulphite 
in water and in sugar soln. is depressed by the presence of calcium sulphate from 
0*065 to 0-032 grm. per litre ; and also by raising the temp. E. C. Franklin and 

C. A. Kraus found that calcium sulphite is insoluble in liquid ammonia ; W. Eid- 
inann, and W. H. Krug and K. P. MacElroy, insoluble in acetone : and A. Kau- 
mann, insoluble in methyl or ethyl acetate. R. Wagner said that when oxidized 
by water and iodine, calcium iodide and sulphate are produced. L. Carius found 
a difficulty in obtaining a thoroughly dry sulphite, but by keeping the calcium salt 
in a current of dry air at 150°, he obtained the dry salt and found that in a sealed 
tube with phosphorus oxychloride at 120°, there is but a very slight reaction ; at 
150°, he did not observe the formation of thionyl chloride, hnt found that a reaction 
evolving large quantities of sulphur dioxide occurred, 3CaS03-t-2POCl3— Ca3{P04)2 
+3SOCI2, but, according to E. Divers and T.Shimidzu: 6CaS034-2P0Gl3=Ca3(P04)2 
+3CaCl2+6S02. If dry calcium oxide at 400° be treated with dry sulphur dioxide, 
for 60 hrs., K. Birnhaum and C. Wittich found that the product corresponds with 
calcium oxypentasulphite, 6Ca0.5S02. F. Schott added that at ordinary temp.' 
very little sulphur dioxide is taken up ; at a temp, higher than 400°, the product 
is a mixture of calcium sulphide, sulphite, and sulphate. E. F. Anthon added 
that at ordinary temp., calcium hydroxide is only about half neutralized by sulphur 
dioxide. The acid sulphite — calcium bydrosulpMte, Ca(HS03)2 — is known only 
in soln. B. W. Gerland found that 100 c.c. of water with 9 grms. of sulphur dioxide 
in soln. dissolve 0-553 grm. of calcium sulphite. A similar soln. was obtained 
by J. von Liebig by dissolving calcium carbonate in sulphurous acid. The technical 
preparation of the acid sulphite soln. was discussed by J. W. Kynaston, 0. Giller, 

D. W. Stewart, and R. Hasenclever. Sulphite liquors prepared from gases resulting 
from the combustion of sulphur or pyrites were shown by R. Sieher to contain 
thiosulphates and polythionates. 

J. S. Muspratt obtained anhydrous strontium sulphite, SrSOs, by adding an 
alkali sulphite to a soln. of a strontium salt. K. Seubert and W. Elten made 
it by mixing O-lW-soln. of strontium nitrate and sodium sulphate, and added that 
the white precipitate supposed to be anhydrous is really the hemihydrate, 
CaS03.|-H20, whether precipitated hot or cold. The white, tasteless powder can 
be crystallized from its soln. in sulphurous acid. J. S. Muspratt said that the 
sulphite slowly oxidizes in air to sulphate. W. Autenrieth and A. Wiiidaus found 
that 100 grms. of water dissolve 0*0033 grm. of the salt. L. L. de Koninck found 
that the solubility in the presence of an excess of sodium sulphite is nearly the 
same as that of strontium sulphate in a soln. of ammonium sulphate. 

A. F. de Fourcroy and L. N. Vauquelin passed sulphur dioxide into water with 
barium carbonate in suspension, or into an aq. soln. of a bariipn salt, and obtained 
barium sulphite, BaSOs. K. Seubert and M. Elten, J. S. Muspratt, and A. Forster 
also made the same salt. It is obtained by mixing, say, normal soln. of sodium 
sulphite and barium chloride or nitrate. The white precipitate, said J. S. Muspratt, 
consists of tasteless, needle-like crystals ; A. H. Rohrig said it dissolves easily — 
J. S. Muspratt said sparingly — ^in sulphurous acid, and the soln. was found by 
A. F. de Fourcroy and L. N. Vauquelin to furnish tetrahedral crystals. J. 8. Mus- 
pratt found that the crystals decrepitate when warmed and give ofi when heated 
a little water, and sulphur and sulphur dioxide ; while A. Forster observed that the 
mixture of sulphide and sulphate formed by heating the sulphite out of contact 
with air is phosphorescent ; and P. Bary found that the uncalcined salt phos- 
phoresces neither in Becquerel’s rays nor in X-rays. V. J. Sihvonen found maxima 
in the ultra-red reflection spectrum at 10‘9/x and 19*7ju. A. F. de Fourcroy and 
L. N. Vauquelin found that barium sulphite is sparingly soluble in water ; and, 
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according to W. Autenrieth and A. Windaus, 100 grms. of water at ordinary 
temp, dissolve 0-00022 grm. of the salt. J. Rogowicz gave for the solubility, 8. 
in water and in soln. of sucrose — p per cent, by weight — at 20° and 80°, in grams of 
barium sulphite per 100 c.c. of solvent : 
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A. Naumann found barium sulphite to be insoluble in acetone, and hi methyl acetate. 
C. St. Pierre found that the soln. in sulphurous acid is decomposed when heated 
out of contact with air, forming sulphuric acid, and a polythionic acid ; while 
W. Spring showed that sulphur monochloride converts it into a trithionate. 
A. Haase mixed a soln. of sodium aurous sulphite with barium chloride and obtained 
first a precipitate of barium sulphate, then harium sulphite. The filtrate was 
mixed with barium chloride, and an amorphous precipitate of barium aurous 
sulphite, 3 BaS 03 .Aii 2 S 03 .^iH 2 C, was formed which was converted by ammonium, 
sodium, or potassium carbonate into the corresponding aurous salt. 
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§ 19. The Sulphites of the Beryllium-Mercury Family 

According to P. Berthier,! beryllium hydroxide is readily soluble in sulphurous 
acid ; and H. Bottinger found that if aluminium hydroxide or ammonium sulphate 
be also present, boiling the soln. will re-precipitate the beryHinm hydroxide. 
G. Kriiss and H. Moraht obtained normal beryUlum sulphite, BeSOg, by allowing 
absolute alcohol, saturated with sulphur dioxide, to act on freshly precipitated beryl- 
lium hydroxide well-washed with alcohol. The colourless soln. was evaporated in 
vacuo. The white crystalline powder consists of hexagonal plates which are 
stable in dry air. They are very hygroscopic, and in moist air form the basic 
sulphite. ^ The salt is hydrolyzed by water. A. Atterberg obtained beryllium 
oxysulphite, BeO.BeS 03 , by adding alcohol to a soln. of beryllium hydroxide in 
sulphurous acid, and the thick syrupy precipitate crystallizes when confined over 
conel sulphuric acid. G. Kriiss and H. Moraht obtained heryllium oxytxisiilpMtes 
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BeO.SEeSOs, by evaporating in vacuo a soln. of tlie oxysulpliite in absolute alcoliol 
to wliicli a few drops of siilphiirous acid have been added. K. Seubert and M. Eiten 
obtained the^ beryllium octohydroxydisulpMte, 8Be(0H)2.2BeS03.6Ho0, by 
mixing at ordinary temp, normal soln. of beryllium chloride and sodium sulphite. 
It is probable that these basic salts are arbitrary stages in hydrolysis of the normal 
sulphite. x4ccording to A. Rosenheim and P. Woge, crystals of potassium beryl- 
lium trisolphites are produced by evaporating, in an atm. of 

sulphur dioxide, a soln. of beryllium hydroxide and freshly prepared potassium 
hydrosulphite in sulphurous acid. They also obtained a precipitate of ammonium 
beryllium sulphite, (]SFH4)20.2Be0.3S02.4H20, which was very unstable in air. 

P. J. Hartog 2 obtained anhydrous magnesium sulphite, MgSOg, by dehydrating 
one of the hydrates at 170® in a current of dry hydrogen — not sulphur dioxide. 
A. H. Rohrig, E. Mitscherlich, and J. S. Muspratt obtained the trikydraie, 
MgS03.3H20, by crystallization from hot soln., or by crystallization over sulphuric 
acid ; and P. J. Hartog, the hexaJiydmte, MgS03.6H20, by evaporating the soln. 
below 100® in vacuo. The aq. soln. was made by P. J. Hartog, G. A. ilrchhold, and 
R. H. Davies by passing sulphur dioxide through water with magnesia, or magnesia 
alba in suspension, and evaporating the filtered soln. C. G. Schwalbe and K. Berndt 
described the preparation of magnesium hydrosulphitc liquors for cellulose, K. Seii- 
hert and M. Eiten obtained the hexahydrate by crystallization at ordinary temp, 
from a soln. of 0*lA'-MgS04 and O-lA-HaoSOa. trihydrate forms trans- 

parent rhombic crystals ; the crystals of the hexahydrate are trigonal p\Tamids 
which G. Werther found to have the axial ratio u:c=l : 1*0296. 0. P. Witticli 
found that the salt begins to decompose : 5MgS03=-2MgS04+3Mg0+2S02+S 
about 210°-215°. F. Forster and K. Kuhel-said that magnesium sulphite at 300® 
decomposes according to 4:MgS03=(2MgS04+2MgS02)=2MgS0j+MgS203+Mg0, 
where the magnesium sulphoxylate is an intermediate -product. The partial 
decomposition of the thiosulphate : MgS203=MgS03-hS, and the dissociation of 
the sulphite : MgS03^Mg0+S02, occur at higher temp. P. J. Hartog gave for 
the heat of formation : (Mg, S, 30) ==222*92 Gals. ; (MgS03,3H20.^oii(i)=ll*4 Gals. ; 
and (MgS03.6H20,^oii(i) ==13*88 Gals. A. F. deFourcroy andL. hT. Yauquelin said that 
the taste of the salt is earthy and then sulphurous, and when heated the salt loses 
water and then sulphur dioxide ; in air the crystals become opaque, forming 
magnesium sulphate ; and 100 parts of cold water dissolve 5 parts of salt ; hot 
water dissolves more salt ; H. Hager said that 100 parts of cold water dissolve 
1*25 parts of salt ; and boiling water, 0*833 part. K. Seubert and M. Eiten 
showed that when magnesium sfipliite is crystallized from hot water, no basic salt 
is produced ; G. A. Barbaglia and P. Gucci, that when heated in a sealed tube 
with sulphurous acid: 3Mg(HS03)2=3MgS04-fH2S04+2S-}-2H20 ; E.G. Franklin 
and C. A. Kraus, that it is insoluble in liquid ammonia ; and is precipitated from 
its aq, soln. by alcohol. The acid salt magnesium hydrosulphite, Mg(HS03)2, is 
known only in aq. soln, A. F* de Fourcroy and L. N. Vauqiielin obtained 
ammonium magnesium sulphite, (NH4)2S03.3MgS03,18H20, from a soln. of 
magnesia in one of ammonium sulphite ; C. F. Rammelsberg, from a soln. of its 
component salts ; and P. J. Hartog, by neutralizing a soln. of magnesium sulphite 
with ammonia, passing sulphur dioxide into the soln. ; and again neutralizing 
with ammonia. The crystals were obtained by evaporating the soln. in vacuo. 
A. F. de Fourcroy and L. N. Vauquelin found that the crystals are almost tasteless, 
and are sparingly soluble -in water. J. C. G. de Marignac gave for the axial ratios 
of the monoclinic prisms a:h : c- P9612 : 1 : 0*874-1, and ^—125° IS'. The (100)- 
cleavage is distinct. P. d. Hartog found that the crystals lose 12 mols. of water 
at 115®-120® ; and decompose above 125®. The heat of formation is 
(3MgSO3.6H2O,(NH4)2SO3)=-:-2*110 Cals. ; (3MgS03,(NH4)2S03 J8H20,oiid)=-39*48 
Gals.; and (3MgR03,(NH4)2S03,6H20soiki) “=26*18 Cals. F. L. Hahn obtaiiiorl th(i 
comjdcx salt as in the case of tlic auuuoiiium copper sulphite. 

A. F. de Fourcroy and L. N. Vaxtquelin^ dissolved zinc oxide in sulphurous 
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acid, and obtained small .crystals wliicL, according to the analyses of J. S. Muspratt, 
and M, J. Pordos and A. Gelis, are dihydrated zinc sulphite, ZnS03.2H20, and, 
according to those of C. E. Rammelsberg, J. C. G. de Marignac, and 6. Beniges, are 
the hemi^entahydfate, ZnS03.2|H20. A. Vogel obtained the crystals by evaporating 
the aq. soln. ; J. S. Muspratt, by precipitating with alcohol or ether ; and 
P. Bertbior, and K. Seubert showed that if the soln. be boiled, a basic salt is formed, 
G. Beniges niked a cold soln. of 100 grms. of zinc sulphate and 400 grms. of water 
and 2 c.c. of acetic acid, with one of 100 grms. of sodium sulphite, 400 grms. of 
water and 2 c.c. of acetic acid ; and K. Seubert and M. Elten, cold normal soln. 
of zinc sulphate and sodium sulphite. 

The prismatic or acicuiai crystals were found by J. C. G. de Marignac to he 
monoclinic with the axial ratios a : 6 : c==0*836 : 1 : 0*821, and j8=93° 40'. 
P. T. Eeustonand C. R. C. Tichborne said that when dried at 100°, the crystals are 
dehydrated ; while K. Seubert said that the salt with 2|- mols. of water loses aU the 
water at 100°. A. H. Rohrig obtained the monohydrate by pressing the dibydrate 
between bibulous paper for a long time. C. F. Rammelsberg found that at 200°, 
sulphur dioxide is evolved and the residual zino oxide contains some sulphate. 
A. P. de Pourcroy and L. IS, Vauq^uelin said that the salt is sparingly soluble in 
water, and insoluble in alcohol ; and C. J. Koene, that it is sparingly soluble in 
sulphurous acid, without forming zinc hydrosulphite, Zn(HS03)2. W. E. Hender- 
son and H. B.Weiser observed that when zinc sulphite is precipitated by passing 
sulphur dioxide into water with zinc sulphide in suspension, the zinc sulphite first 
precipitated passes into soln. as the hydrosulphite — vide infra, manganese and ferrous 
sulphites. According to M. Michels, zinc sulphite absorbs basic dyes at 100° but not 
in the cold. C. P. Rammelsberg observed that the soln. in aq. ammonia, when 
evaporated m a warm place, deposits crystals of zinc amminosulphite, ZnSOa.NHg ; 
M. Prud*homme showed that the soln. of zinc in ammonium hydrosulphite gives 
zinc dianuninosulphite, ZnS03.2NH3. F. Ephraim and E. Bolle obtained zinc 
triaminijiosulpliite, ZnS03,3NH3.?^H20, by saturating a soln. of the sulphite with 
ammonia. C. Bruckner showed that when zinc sulphite soln. is reduced with 
magnesium, sulphur dioxide, and zinc oxide, sulphide, and sulphate are formed ; 
the Badische Anilin- und Sodafabrik, that with zinc-dust and formaldehyde, a com- 
plex compound of formaldehyde and zinc hydrosulphite is formed ; and G. Scurati- 
Manzoni, that boiling with manganous hyroxide forms zinc hydroxide and manganese 
sulphate. P. Ray and B. K. Goswami added a soln. of zinc hydrosulphite to an excess 
of a cone. soln. of hydrazine, and dried the voluminous, white precipitate of zinc 
dihydraziiiosiilphite, ZnS03.2N2H4.1iH20, over sulphuric acid in vacuo. The salt 
is alkaline towards litmus, and it is decomposed by water. If a suspension of this 
salt in water is treated with sulphur dioxide, zinc hydrazinohydrosulphite^ 
Zn(HS03)2.N2H4, is formed as a white powder which is acidic towards litmus. If a 
soln. of zinc hydrosulphite is added to a dil. soln. of hydrazine acetate, or hydrate, a 
mixture of this salt and zinc sulphite is formed. K. Seubert reported that the 
basic salt zinc octoxypentasnlphite, 8ZnO.5ZnSO3.4H2O, or 8Zn(OH)2.5ZiiSOs, is 
obtained from a warm soln. of 0*1 A^-ZnS04 and 0-liV'-Na2S03 ; or by heating a dil. 
soln. of zinc sulphite, or diluting a cohe. soln. ; and zinc he'ptoxyoctoml'phUe, 
IZuOBZ-nSO^^.nE^O, or 7Zn(0H)2.8ZnSO3.7H2O, or possibly zinc dihydroxy- 
snlpbite, Zn(OH)2.ZnS03.H205 by mixing warm normal soln. of zinc sulphate 
and sodium sulphite. E. Berglimd obtained ammoniiim zinc sulphite, 
(NH4)2S03.ZnS03, from a soln. of zinc chloride and ammonium chloride with 
an excess of ammonia and neutralized with sulphur dioxide. P. L. Hahn and 
co-workers prepared the ammonium zinc sulphite as in the case of the ammonium 
copper sulphite. Unstable wliiie crystals of potassium zinc sulphite, 
^2S03.3 Zb.jS 03.7-1IT20. were obtained in an analogous way. The salt is decomposed 
by water. 

^ M. J. FordoH Gflis found that when cadmium dissolves in sulphurous 

acid, caclnriatu sulphide and sulphite arc formed. C. F. Rammelsberg obtained 
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auiiydrous cadmium sulphite, CdSOs^, by passing sulplmr dioxide tlixougli water 
with cadmium carbonate in suspension ; and evaporating the liquid. A. H. Eohrig 
evaporated a soln. of cadmium carbonate in sulphurous acid. Gr. Deniges obtained 
the trihydrate, CdS03.3H20, from a cold, dil. acetic acid soln. of cadmium 
sulphate in 2-| times its weight of water and a similar soln. of sodium sulphite ; 
if boiling soln. be used, the anhydrous salt is obtained. J. S. Muspratt 
obtained the dihydrate, CdS03.2H20, by precipitating the aq. soln. with alcohol ; 
and K. Seubert and M. Elten, as a granular precipitate, from a soln. corre- 
sponding vnth 3CdS04.8H20-|-3Na2S03==3CdS03-f3Na2S04+8H20 ; G. Deniges, 
the Jiemitrihydrate, CdS03.1|-H20, by mixing 10 per cent. soln. of cadmium nitrate 
and sodium sulphite ; and K. Seubert and M. Elten used A-soln. of cadmium sul- 
phate and sodium sulphite ; G. E. Eammelsberg found that the salt is slowly oxi- 
dized in air ; and when heated, it forms a mixture of cadmium oxide, sulphide, and 
sulphate. It dissolves sparingly in water, and freely in dil. acids. J. S . Muspratt said 
that the salt is soluble in aq. ammonia, and insoluble in alcohol ; and A. Naumann, 
insoluble in acetone. C. F. Eammelsberg found that when the soln. in aq. ammonia 
is cooled, it furnishes cadmium amminosulphite, CdSOg.NHg, as a crystalline 
powder. P. Eay and B. K. Goswami prepared cadmium hydraziuosulphite, 
CdS03.N2H4, as in the case of the zinc dihydxazinosulphite, and cadmium hydra- 
zinohydrosulphite, as in the case of the corresponding zinc salt. E. Schuler passed 
sulphur dioxide into a soln. of cadmium chloride saturated with ammonia, and 
obtained a white, crystalline precipitate of ammonium cadmium sulphite, 
6(1803.(^34)2803. F. L. Hahn and co-workers prepared the complex salt as in the 
case of the ammonium copper sulphite. E. Berglund obtained sodium cadmium 
sulphite, Na2S03.3CdS03, or (Na.O.SO.O.Cd.O.SO.O)2Cd, as a white crystalline 
powder, by adding sodium sulphite to a soln. of a cadmium salt until the precipitate 
first formed redissolves, and allowing the liquid to stand for crystallization ; he 
could not prepare potassium cadmium sulphite. 

A. VogeH supposed that he had made white mercurous sulphite, Hg2S03, 
by the action of an excess of sulphurous acid on mercuric oxide ; and C. F. Eam- 
melsherg, a basic sulphate, Hg20 : 802 = 2 : 3 or 3 : 4 , by passing sulphur dioxide 
into water with freshly precipitated mercuric oxide in suspension. L. P. de St. Gilles 
said that the soln. produced in the action of sulphur dioxide on mercuric oxide 
suspended in water yields a precipitate which is a mixture of mercurous and 
mercuric sulphites, and until this precipitate had formed, the soln. did not contain 
either a mercurous salt or a sulphate. K. Seubert and M. Elten, and E. Divers and 
T. Shimidzu were unable to prepare this salt. E. Divers and T. Shimidzu said 
that when mercurous sulphite might be expected to appear there is formed instead 
a metameric salt which he called hypomercurosomercurio sulphite, or hypo- 
nlerciirosic sulphite, Hg4(S03)2.H20, and represented by the formula : 

where Hgs is regarded as a bivalent mercurous radicle in the same sense that Hg2 
is the bivalent mercurous radicle. Oxymercurous salts are blackened by sulphurous 
acid and the sulphites, as A, Vogel noticed when he treated mercurous nitrate 
with sulphurous acid, he mistook the resulting black powder for mercury itself, 
whereas E. Divers and T. Shimidzu showed that the product is really hypomercurous 
sulphite. This compound is formed in the reaction between sulphurous acid, water, 
and mercurosic sulphate, mercuric oxysulphite, and mercurous sulphate or nitrate : 
mercurosic sulphite, mercuric oxysulphite, and mercurous sulphate or nitrate : 
2(H.S03H)+2(HgN03)2=4HN03+Hg(S03)2.Hg3. It is also formed by the action 
of a soln. of sodium sulphite on mercuric oxysulphite, mercurosic sulphite, and 
mercurous sulphate, nitrate, or chloride : 2Na{S02DHa)+2(Hg]Sr03)2=4NaM03 
H-Hg(S020)2Hg3 ; and by the action of silver sulphite on an aq. soln. of mercurous 
nitrate or sulphate. Mercurosic hyposulphite is a greyish-hkek amorphous 
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*siibs 5 taucti, obtained as a voluminous, iiocculeiit prccii)itate, iusolublo iu water. It 
is very unstable in water, but can be y^reserved dry for a considerable time, without 
much change. Left to itself at common temp., it very slowly evolves sulphur 
dioxide, leaving mercurous sulphate and mercury. The co-operation of moisture 
is, no doubt, essential to this change, the primary form of which will be hydrolysis 
into mercury and sulphuric acid, to be followed by reaction between unchanged 
sulphite and the sulphuric acid. The production of sulphur dioxide and mercury 
shows the change not to be one of oxidation of sul])liite to sulphate by the air : 
Hg4(S0s)2.H20=2Hg+Hg2S04+S02+Ho0. Heated dry to 80 ^ it rapidly 
undergoes a change similar to that which takes place slowly in air. When gradually 
heated in vacuo, the liberated mercury is volatilized. When heated with sufficient 
water there is a tumultuous reaction : Hg4(S03)2.H20-l-H20=4Hg-f2H2S04. If 
the proportion of water is so small as to leave the sulphuric acid somewhat con- 
centrated, some mercurous sulphate is also formed, but not otlierwise. The 
product of the sulphate is then due to a reaction between unchanged sulphate 
and the sulphuric acid. Hypomerciirosic sulphite resi>sts the action of rather 
dil. siilplmric acid. It is converted by a soln. of potassium hydroxide into 
mercuric potassium sulphite, which dissolves, and mercurous oxide and mercury 
which remain insoluble: Hg(S020)2Hg3.H20+2If0H=Hg(S0o.0K)2.H20-f-Hg 
+Hg 20 +H 20 . Hydrochloric acid at once liberates sulphur dioxide, and forms 
mercuric chloride in some quantity. The insoluble matter only slowly changes 
from the nearly black colour of the sulphite to a light grey, even with thorough 
trituration of the whole in a mortar. It then consists of mercurous chloride and 
a very little free mercury, while the soln. contains no more than minute quantities 
of mercuric chloride. The primary reaction is : Hg(S03)2Hg3-f-4:HCi=HgCl2 
-f 2H2S03-f Hg-fHg2Cl2- The mercury and the mercuric chloride then slowly 
unite and form more mercurous chloride, as they can be shown experimentally to 
have the power to do. Possibly a black hypomercurous chloride, Hg3Clo, is one 
of the primary products, which then acts upon the mercuric chloride : Hg3Cl2+HgCl2 
= 2 (HgCl) 2 . Dil. nitric and sulphuric acids have no action ; and nitric acid 
reacts only when sufficiently concentrated to oxidize. Its resistance to acids is 
remarkable and distinguishes this compound from mercurous oxide. Sulphurcms 
acid decomposes it, producing mercury and a soln. of mercuric hydrosulphite : 
Hg(8O3)2Hg3-f2H{HS03)=2Hg+2Hg(HSO3)2. The presence of sulphuric acid 
iuMbits the action of sulphurous acid on hypomercurosic sulphite — otherwise it 
could not be possible to prepare the salt in a state of purity. A soln. of sodium 
sulphite converts hypomercurosic sulphite into mercuric sodium sulphite, and 
a residue of mercury, the action being similar to that of sulphurous acid. Silver 
sodium sulphite soln. takes mercury in place of its silver, all the silver being precipi- 
tated, if not in excess. The blackish hypomercurosic sulphite is converted into 
something still blacker, probably mercuric argentous sulphite. Excess of silver 
sodium sulphite does not destroy this black matter, or only slowly destroys it. If 
boiled with water, it yields spongy silver amalgam ; and when washed with cold 
water, it slowly undergoes the same change. The reaction is perhaps : 
Hg(SO3)2Hg3~f6Ag(SO3Na)=Hg(S03)2Ag4-l-2Ag-f3Hg(SO3Na)2. If the silver 
sodiimi sulphite is used in excess, and after the reaction, it is diluted with water, 
it shows a greyish-white turbidity, through the liheration of a minute quantity 
of silver. Apparently a very little mercuric argentous sulphite dissolves in the 
undiluted soln. of the other sulphites, and on dilution parts with some of its silver. 
Sodiiiin chloride soln. produces mercurous chloride, mercuric sodium sulphite, and 
mercury : Hg(S03)2lIg3+2H'aCl=Hg(S03Na)2+Hg-l--(HgCi)2. Potassium iodide 

soln. converts it into mercurous iodide and potassium sulphite. Then, as in any 
case would happen, concentrated soln. of potassium iodide resolves this mercurous 
iodide into mercury, find mercuric iodide dissolving as double iodide ; but the 
presence of the potassium sulphite docs not appear to affect this decomposition of 
the mercurous iodide. Mercuric chloride soln. reacts with hypomercurosic sulpliite 
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to form mercurous chloride and sulphuric acid . Hg4(S03)2-r2ir20+4HgCl2 

=2S04H2H-4(HgCl)2, but its action takes some time to complete, and the mercurous 
chloride is at first very grey. When the mercuric chloride is not in escess, the 
filtered soln. of sulphuric acid is free from both mercury and chlorine, but when it 
is added quickly in excess and at once filtered, a soln. is obtained which continues 
to deposit crystalline mercurous chloride for some time. The reaction is, there- 
fore, similar to that between mercurosic sulphite and mercuric chloride. First, 
mercuric sulpjiite (or chloride-sulphite) and hypomercuious chloride (or luerciiry 
and mercurous chloride) are formed : Hg(S03)2Hg3 +- HgCh = Hg(S03)2Hg 

-[-Hg3Cl2(?Hg+Hg2Ci2) ; ^ then mercuric sulphite and water become mercurosic 
sulphite and sulphuric acid ; the mercurosic sulphite decomposes to form mercuric 
chloride ; and so the changes follow on until no more sulphite remains. The hypo- 
mercurous chloride (or mercury) slowly unites with mercuric chloride to form 
mercurous chloride. Mercuric oxide (precipitated) has no immediate action on moist 
hypomercurosic sulphite. With the oxide not in excess, the mixture slowly changes 
to mercurous sulphate and mercury, a result apparently not due to any direct 
reaction between the two substances. With the oxide in excess, a bright orange- 
brown mercury oxysulphite is at once formed. It is at once decomposed by hydro- 
chloric acid in the usual way, hut is insoluble in dil nitric acid ; this affords a ready 
means of removing the excess of mercuric oxide. A little mercurous sulphate was 
present with it. Mercuric nitrate soln. rapidly converts hypomercurosic sulphite 
into mercurosic sulphite, becoming itself changed to mercurous nitrate : 
Hg(S03)2Hg3-(-B[g(N03)2=Hg(S03)2Hg2+(Hghr0s)2. As mercuric nitrate readily 
takes up mercury, the above equation, showing the transfer of one of the three 
atoms of the hypomercurous radicle to the mercuric nitrate, presents no difficulty. 
The mercurosic sulphite obtained in this way is always of a light buff colour, instead 
of white. This colour is characteristic of mercurosic sulphite not obtained by hydro- 
lytic decomposition ; for the reaction between mercuric sodium sulphite and 
mercurous nitrate or sulphate yields it also of this colour. Formed by hydrolytic 
methods, it is always exceedingly white. Mercuric sulphate soln. behaves like 
mercuric nitrate, but in this case the mercurous sulphate formed precipitates 
and mixes with the mercurosic sulphite. Mercurous nitrate soln. and mercurous 
sulphate are, as might beJ expected, inactive. So, too, is silver nitrate. 

E. Paterno and XJ. Alvisi obtained mercurosic sulphite, Hg2S03.HgS03.twH20, 
as a white precipitate, by the action of sulphur dioxide on a soln. of mercuric 
fiuoride in dil. hydrofluoric acid. A yellow colour is possibly due to admixed 
mercury. E. Divers and T. Shimidzu represented this salt by the formula : 


Hg< 


SO2.O 

SO2.O 


>Hg2 


or 


Hg< 


SO^.OHg 

SO^.OHg 


They obtained it as a tetmhydmte, by the action of sulphurous acid and water on 
mercuric oxide, oxysulphite, oxysulphate, sulphate, or nitrate ; by the action of 
mercuric sodium sulphite and either dil. nitric acid or dil. sulphuric acid ; of soln. 
of sodium sulphite on mercuric sodium sulphite or mercuric nitrate or sulphate ; 
of a warm soln. of mercuric sodium sulphite on mercuric oxide ; of mercuric sodium 
sulphite and mercurous sulphate or nitrate ; and of hypomercurosic sulphite on 
mercuric nitrate or sulphate. Mercurosic sulphite is obtained in somewhat different 
states. Prepared by adding mercuric oxide to sulphurous acid soln., it is/in lustrous, 
crystalline particles, which form felted sheets like paper, when drained on a tile 
till dry. Prepared from a paste of mercuric oxide and gaseous sulphur dioxide, 
it is not visibly crystalline, but it forms a voluminous precipitate of crystalline 
habit, is brilliantly white, and, when pressed whilst moist, crepitates like starch. 
Prepared by reaction between another mercury sulphite and a mercury nitrate or 
sulphate, it is a voluminous, apparently amorphous precipitate, of a buff colour. 
It is then not quite pure, indeed, but its colour can hardly be referred to the presence 
of any coloured impurity. Mercurosic sulphite is very efflorescent, and becomes 
VOL. X. vr 
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anhydrous in the desiccator ; only when crystalline can it be dried with all its w^ater 
of crystallization retained. C. E. Ranimelsberg found his red, crystalline cuprosic 
sul])Mte retained 2 inols. of water of crystallization ; and L. P. de St. Gilles, the 
yellow amorphous cuprosic sulphite, 5 mols. The tetrahyHratc may be a p)enta- 
hydrate slightly effloresced. Mercnrosic sulphite is insoluble in water. Mercnrosic 
sulphite IS so stable when dry as to be hut very^ little changed after long keeping. 
In a closed vessel, it gradually darkens in. colour, but nearly bleaches again on 
exposure to the air for some time. The darkening is in all probability due to the 
formation of a little hypomercurosic sulphite. Slowly in the air, more quickly in 
vacuo, it acquires a slight permanent grey colour, due to the presence of a minute 
quantity of mercury. The slow decomposition of mercurosic sulphate results in the 
production of mercurous sulphate, metallic mercury^ sulphur dioxide, and water, 
the same products as those produced by heat. Sulphurous acid blackens both 
mercurous sulphate and mercnrosic sulphite hy^ forming hypomercurosic sulphite. 
After blackening and bleaching in the air, the changed sulphite may be somewhat 
buf!-coloured. Heated dry at about 80^, it evolves sulphur dioxide, mercuiy, and 
water, and becomes at first black, then grey- white, leaving mercurous sulphate and 
some of the mercury as a residue ; these may^ he separated by further heating, so as 
to volatilize the mercury. The blackening may certainly be referred to the forma- 
tion of bypomeicurosic sulphite, and altliough it is for the time very great, it is only 
transitory if the heat is maintained. Examined when blackest, the amount 
of undecomposed sulphite is exceedingly small. It is probable that hypo- 
mercurosie sulphite forms an intermediate product in the decomposition of the 
mercurosic sulphite ; the moist sulphur dioxide no doubt produces it by a secondary 
action on the undeconaposed merciuosic sulphite, or on the mercurous sulphate ; 
Hg3(S03)2d-2H20=3Hg-f2S04H2 ; Hg-l-Hg3(S03)2+2S04H2==2Hg2S04+2S02 

-h20H2- When mercurosic sulphite is heated with water, it is converted tumultu- 
ously into metal and sulphuric acid. Enough water being present, no mercurous 
sulphate is produced : Hg3{S03)2-{-2H20=3Hg-|-2S04H2. "^en the salt is heated 
dry, its decomposition begins in all probability in this way, but is then modified 
by the reaction between the sulphuric acid and unchanged sulphite, giving mercu- 
rous sulphate and sulphurous acid. The non-production of any mercuric sulphate 
is to be expected, as it is easy" to show experimentally the instant conversion of 
mercuric sulphate to mercurous sulphate by moist mercury. Potassium hydroxide 
converts it into mercurous oxide, insoluble, and mercuric potassium sulphite, going 
into soln. : Hg(S03)2Hg2-b2KOB[=H20H-0Hg2H-Hg(S03K)2, the potassium dis- 
placing the mercurous hut leaving the mercuric radicle. Hydrochloric acid at once 
decomposes it, the products being sulphurous acid and the two chlorides of mercury. 
When the mercurosic sulphite is Wfflcoloured, the mercurous chloride from it is of 
the same colour. No sulphuric acid is produced in this reaction. The preparations 
of bufi-coloured sulphite, however, to start with, always contain a small quantity of 
sulphate. Nitric acid and sulphuric acid in the dil. state are without action on 
mercurosic sulphite. More cone, acids dissolve it, hut the nitric acid scarcely so 
unless it is concentrated enough to oxidize the sulphite. Sulphurous acid blackens 
and decomposes it, dissolving out the elements of mercuric sulphite and leaving hypo- 
mercurosic sulphite insoluble for a time, but then also decomposing. The presence 
of sulphuric or nitric acid greatly hinders, and for a time at least altogether prevents 
the action of the sidphurous acid, a circumstance greatly facilitating the preparation 
of mercurosic sulphite. The reaction between sulphurous acid and mercurosic 
sulphite in absence of sulphuric acid, consists in the exchange of non-oxylic hydrogen 
for oxylic naercury, as expressed in the following equation : 2Hg(S03)2Hg2 
--f2H(SQ3H)— B[g(S03)2Hg3+2Hg(S03H[)2. Sodium sulphite soln. produces effects 
similar to those of sulphurous acid, hut acts more rapidly than the acid. The 
mercurosic sulphite is blackened by being converted into insoluble hypomercurosic 
sulphite, and mercuric sodium sulphite which dissolves ; here also, as with 
sulphurous acid, the sodium sulphite exchanges its non-oxylic sodium for half the 
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mercury of the oxylic mercurous radicle of the luercurosic sulphite3 the other half 
of this mercury going to form hypomercurosic sulphite with mercurosic sulphite : 
2Hg(S03)2Hg2+2Na(S03Na) =Hg(S03)2Hg3-[-2Hg(S03Na)2. The hypomercurosic 
sulphite thus formed is acted on. by more sodium sulphite, becoming mercuric 
sodiiun sulphite and free mercury. Silver sodium sulphite soln. yields mercuric 
sodium sulphite in soln., all the silver being precipitated if not in excess. The 
insoluble sulphite is very black, and appears to be a mercury silver sulphite ; it is 
too black for hypomercurosic sulphite, even unmixed with white silver sulphite ; 
besides, hjrpomercurosic sulphite at once reacts with silver sodium sulphite. The 
reaction between the silver sodium sulphite and mercurosic sulphite appears, then, 
to be : Hg{S03)2Hg2+4Ag{S03hra)=Hg(S03)2Ag4-}-2Hg(S03Na)2, in which mer- 
curic argentous sulphite appears. Sodium chloride soln. added freely produces 
much black hypomercurosic sulphite, which slowly disappears on digestion. By 
adding the sodium chloride gradually, hypomercurosic sulphite is only produced 
by the first portions. This difference is due to the mercury salts which go into soln. 
by the action of the first portions modifying that of those added afterwards. The 
final result of the addition of sodium chloride is expressed by : Hg(S03)2Hg2 
-f2NaCl=:Hg(S03Na)2+(HgCi)2, but the primary action appears to be that of an 
exchange ‘of sodium for the oxylic mercury, in which only half of this mercury 
combines with the chlorine, the other half then going to unite with more mercurosic 
sulphite : 2Hg(S03)2Hg2+4:NaCl=Hg(S03Na)2+Hg(S03)2Hg3-t-HgCl4Na2. Then, 
as the quantity of mercuric chloride increases, and the mercurosic sulphite becomes 
less, all the mercury goes to form mercurous chloride, while any h}q>omercurosic 
sulphite previously formed is slowly converted into chloride. Mercuric sodium 
chloride acts in the same way as sodium chloride, the mercuric chloride taking no 
part ; it has no action of its own on mercurosic sulphite, but when sodium chloride 
is present this salt acts first. Mercuric chloride soln. added, not in excess, produces 
mercurous chloride and sulphuric acid, all the mercury being precipitated : 
Hg3(S03)2+2H20+3HgCl2=3(HgCl)2+2S04H2 ; but if added at once in excess, 
much mercuric sulphite goes into solution in the mercuric chloride, and then slowly 
changes to mercurous chloride and sulphuric acid, as already described tinder normal 
mercuric sulphite. Potassium iodide soln. forms a brownish-yellow mercury iodide 
and a soln. of mercuric potassium sulphite. Mercuric iodide, oxide, nitrate, and 
sulphate, and mercurous nitrate and sulphate, are without action. 

According to L. P. de St. Gilles, normal mercuric sulphite, HgSOs, separates 
as a white, curdy precipitate when a syrupy soln. of mercuric nitrate, free from an 
excess of nitric acid, is treated with a dil. soln. of sodium sulphite. He added that 
either the normal salt or a basic salt can be obtained according as the mercuric 
nitrate employed happens to be more or less basic. E. Divers and T. Shimidau 
could not verify these statements. They found that whenever it might be supposed 
that mercuric sulphite would be formed by direct double decomposition, it does one 
of three things, according to circumstances ; it forms with another basylous radicle 
a double sulphite such as mercuric sodium sulphite or mercuric hydrogen sulphite ; 
it forms a basic sulphite or an oxysulphite with oxide of mercury taken from the 
nitrate or other mercuric salt ; or it forms mercuxoso-mercuric sulphite by suffering 
partial hydrolysis into sulphuric acid and its mercury element. They found that 
when normal mercuric nitrate, in the presence of that very small amount of nitric 
acid which seems to be essential to its existence even in cone, soln., is treated with 
a soln. of normal sodium sulphite, mercuric oxysulphite is, from the first, precipitated 
in a pure or nearly pure condition, and, as a consequence, the mother-liquor proves 
to be much more acid than the original nitrate soln. The accumulation of this free 
acid soon prevents the precipitation of more oxysulphite, while much mercuric 
nitrate yet remains in soln. The addition of more sodium sulphite is now followed 
by momentary efCervescence of sulphur dioxide, and a partial blackening of the 
white precipitate. This blackening effect was observed by L. P. de St. G-illes, and 
he has given, as conditions of successful preparation of the sulphite and of the 
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oxysulpinte, avoidance of excess of the precipitant and the eui£)loytuent of the 
nitrate solii, in the cone, state and tlie sulphite, soln. in the dil. state. But •when 
some blackening has taken place, it soon disappears on agitating tin* precipitate 
•with the mother-liquor, and, indeed, the mother-liquor may now he used to furnish 
more precipitate which, black at first, soon becomes white, provided too much 
sodium sulpihite is not added. This white precipitate, however, consists not of 
the ox:3rsulphite, but of another salt, mercnrosic sulphite.. The substitution of 
mercuric sulphate for the nitrate, or of silver sulphite for sodium sulphite, gives a 
similar result. Sodium sulphite and mercuric chloride furnish sodium mercuric 
sulphite- Silver sulphite and mercuric chloride react: 2Ag2S03+3HgCl2 
=4:AgCl+Hg(SOoO-IIgCl)=> ; and the end-products of the reaction are : 
AgsSOa A-HaO +2HgCl2 -2AgCl + Hg^Ch +H2SO ^ Mercnrosic sulphite and 
mercuric chloride interact : Hg{S02.0)2Hg2+HgCl2“Hg2Cl2+Hg(S02.0)2Hg, 

and the mercuric sulphite is then hydrated to mercurosic sulphite : 3Hg(S03)2Hg 
+2H20=2HoS04-f2Hg(S03)2Hg2. Hjponicrcurosic sulphite behaves similarly. 
The action of sulphurous acid on mercuric oxide gives mercurosic sulphite ; and 
the same product is obtained wlieii dil. nitric or sulphuric acid acts on sodium 
mercuric sulphite. Hence, mercuric sulphite is not stable enough to enable it to 
he isolated except in coinhination with other sulphite, or with mercuric oxide or 
chloride. O. Rufi and E. Krolineit found that the procipitah^ from mercuric 
chloride and an excess of ammonia dissolves wlum suljihur dioxide is jaissed through 
the liquid, and crystalline compounds of mercuric oxide with aimuouia and sulphur 
dioxide are formed— ammonium mercuric sulphite. Kg (NTl4803)2 — 
the soln. is evaporated under reduced press. The nuiction is symbolized : 
HgCl2A2H(HS03)-f4NH3==Hg(NH4&03)2-f2NH4CL If sulphur dioxide is first 
added, and then ammonia, an insoluble compound containing vsulphur dioxide and 
ainiiionia is slowly deposited. The reaction is symbolized : NH2.Hg.Cl-|-H(HS03) 
=CLHg(NIl4S03), in acid soln. The ammonium mercuiic sulphite, with an 
excess of ammonia, forms a mixture of ammoxiium mercuxic hydroxysulpMte, 
H0.Hg(NH4S03), and white needles of mercuric amminosulphite, IIgS03(NH3), or 

by the reaction : Hg(NH4S03)2d-NH3==HgS03NH3-l-(NH4)2S03. If a large amount 
of ammonium chloride is present, airunanium mercuric chlorosulphite, 
NHgCLHgfHSOs), is formed : Hg(NE4S03)2+]SrH4Cl+-NH3-=NH3CLHg(NH4S03) 
-!-(NH4)2»S03. The compound forms long white transparent needles, and is 
converted by 2F-KOH into yellow mercuric amindnoxysulphite, Hg20.S03(NH3), 
or 


Hg. SO2 


>0 


A cone. soln. of ammonium hydroxide forms a soln. ■wMch appears to contain 
mercuric tetomminosulphite, Hg(NH3)4S03 ; and liquid ammonia yields this 
eompound as a white powder along with amrnoni'um sulphite. 0. Ru:ff and 
E . Ejrohneit add that in acidic soln. the sulphui, which receives a negative charge 
from oxygen, and in alkaline soln., the nitrogen, which receives a negative charge from 
hydrogen, possess a strong tendency to complex formation, and in ammoniacal 
soln., complexes corresponding to mercurammonium sulphites are formed. 

Accordling to W. Wicke, when mercuric chloride is treated •with a sat. soln. of 
sodium kydrosulphite, mercuric hydroiiulpliite, Hg(HS03)2, separates as a heavy, 
crystalline po'wder. E. Divers and T. Shimidzu obtained sodium mercuric sulphite 
in this way ; but they prepared an aq. soln. of mercuric hydiosulphite, Hg(B[S03)2, 
which reacts as if it were a soln. of mercuric sulphite in s’ulphuxous acid. Mercuric 
oxide can be dissolved in sulphurous acid without forming the precipitates observed 
by C. F. Eammelsberg, L. P. de St. Giles, and A. Yogel. The sulphurous acid 
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must not coutain nmch suli 3 liuric acid — from atm. oxidation— and tlie mercuric 
oxide must be prepared by precipitation, must be added well divided and suspended 
in water to the sulphurous acid, and only in small quantity, because only a weak 
soln. can be prepared. A soln., the same in every respect, can be obtained by using 
mercuric oxysulphite in place of mercuric oxide. ’Mercurosic sulphite, and hypo- 
mercurosic sulphite can also be used in place of the oxide, but then there is a residue 
of metallic mercury. An impure soln. can be prepared by cautiously adding, in 
small quantity, a soln. of either mercuric nitrate or sulphate, or of mercurous 
nitrate or solid 'mercurous sulphate or mercuric oxysulphate to sulphurous acid ; 
with mercurous salts, half the mercury separates in an insoluble form, and with all 
these salts either sulphuric or nitric acid remains in the soln. Even by the action 
of a little nitric acid on sodium mercuric sulphite a dil. mercuric hydrosulphite soln. 
can be obtained ; while a nearly boiling soln. of mercuric chloride is converted by a 
current of siilpliur dioxide into mercurous chloride, hydrochloric acid, and sulphuric 
acid ; hut not so with a cold soln. E. Divers and T. Shimidzu found mercuric 
chloride to be more soluble in sulphurous acid than in water ; if sulphuric acid be 
present, mercuric chloride is no longer so soluble in sulphurous acid. Sulphurous 
acid sat. with mercuric chloride will dissolve more mercuric oxide than it would 
do otherwise. It is assumed that the soln. of mercuric chloride in sulphurous acid 
forms a soln. of the hydrosulphite ; HgCl2+2H2S03=Hg(HS03)2+2HCl, and hy 
dissolving mercuric oxide, it becomes saturated with mercuric hydrosulphate. 
Mercuric chloride is also more soluble in a soln. of sodium sulphite or pyrosulphite, 
forming sodium mercuric sulphate. Although A. Vogel said that sulphurous acid 
converts mercurous chloride into a grey suhchloride, E, Divers and T. Shimidzu 
said that the action must be very slight because when mercurous chloride is pre~ 
cipitated by sulphurous acid, it is of dazzling whiteness. They attributed the grey 
discoloration to the presence of impurities, and added that it is doubtful if purified 
mercurous chloride will react with sulphurous acid. 

A soln. of mercuric hydrosulphite is very unstable, and readily suffers hydrolysis, 
either wholly or in j)art — wholly into mercury and sulphuric acid, in part into 
mercurosic sulphite and sulphuric acid — sulphurous acid remaining free in both 
cases. The soln. deposits ail its mercury slowly at common temp., but at once 
W'hen heated, and an eq. quantity of sulphuric acid remains in soln. : 
H20+Hg(S03H)2=Hg+HO.S03H+H.S03H. Partial hydrolysis, by which 
mercurosic sulphite is formed, is brought about in two ways. Sulphuric or nitric 
acid, added in small but sufficient quantity, causes it. Secondly, it is caused by 
adding more mercuric oxide or some mercuroxylic salt (best, a soln. of mercuric 
nitric or sulphate) to the soln. Whether the addition proves sufficient or not to 
exhaust all free sulphurous acid is a circumstance which does not affect the precipita- 
tion. Success with such different reagents renders it improbable that the hydrolysis 
depends on any direct reaction between them and the mercuric hydrogen sulphite. 
The change is induced by effecting a state of supersaturation of the soln. with 
mercuric hydrosulphite, so that partial hydrolysis occurs and mercurosic sulphite 
is precipitated. Mercury sulphites are insoluble in dil. nitric or .sulphuric acid, 
and therefore the addition of one of these acids brings about the state of super- 
saturation, which leads to the sudden hydrolysis and precipitation. Mercuric 
oxide or salts generate more acid sulphite in the soln., and in this way cause super- 
saturation. Accordingly, mercuric hydrosulphite must he regarded as a salt 
soluble in a large quantity of water, and hydrolyzed by less water. The result of 
the hydrolysis of mercuric hydrogen sulphite when it has only proceeded to the 
extent of separating one-third of the sulphur as sulphuric acid, appears to depend 
on the difference between oxyiic and non-oxylic mercury compounds ; the mercuric 
radicle, Hg, alone can hold the non-oxylic position in a sulphite, the mercurous 
radicle, Hg2, camiot. The mercurous radicle, on the other hand, can hold the 
oxyiic position, provided a mercuric radicle is in non-oxylic relation to the sulphury! , 
whilst the mercuric radicle cannot do so, except in the partial and complex way seen 
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m the basic mercuric oxysulpliite. Accordingly, tEe conversion of mercuric 
hydrogen sulphite to mercurosic sulphite may he represented by the following 
equation, in which the upper line shows the hydrolysis of a third of the sulphite, 
and the lower the double decomposition whereby, with the assistance of mercury 
set free by hydrolysis, two molecules of mercury hydrogen sulphite become mercury 
sulphite and hydrogen sulphite : 

Eg'^(S03H)2+H20 ] ^ (H.SO3H+HO.SO3H 

Hg"(SOaH)2 +Hg"(S03H)2 3 ' (2H.SO3H -f-Hg''(S03)2Hg'2 

The silver and mercury sulphites are not liable to atm. oxidation. 

L. P. de St. Gilles prepared mercuric oxysulphite, HgO.HgSOs, from a soln. of 
mercuric oxide in one of mercuric nitrate, by treatment with a dil. soln. of an alkali 
sulphite ; and by mixing crystals of mercuric oxynitrate with a dil. soln. of an alkali 
sulphite — mercuric acetate gives no precipitate, and the oxalate and phosphate 
give double salts which are decomposed hy boiling. E. Divers and T. Shimidzu 
prepared the oxysulphite from soln. of sodium sulphite or sodium mercuric sulphite 
s>ud mercuric nitrate — or, if the soln. he strongly alkaline, with mercuric sulphate ; 
and hjr the action of silver sulphite on a soln. of mercuric nitrate. They represented 
the constitution : Hg(S02.0 .Hg,0)2Hg, and found that when dried at ordinary temp, 
the salt is nionohydrated, but becomes anhydrous in vacuo. Mercuric oxysulphite 
IS a faint yellow, curdy or granular, dense salt, which is unstable, and changes to 
mercurous sulphate in a few hours. The salt is very explosive, but not violently 
so. IrTater causes mercuric oxysulphite to decompose more rapidly than it does 
when kept dry. Heated with water it decomposes, the change being at first 
probably the same as when it is heated dry ; but the water effects a further change, 
and the products are mercurous sulphate, mercuric oxysulphate, sulphuric acid, 
and mercury. When dissolved in aq. sulphurous acid and boileA it decomposes 
in the manner which seems normal to a non-basic mercury sulphite, the sole products 
being merciury and sulphuric add. Potassium hydroxide converts it into insoluble 
mercuric oxide, and mercuric potassium sulphite in soln. : Hg(S020Hg0)2Hg 
+ 2 K 0 H=Hg(SO 2 OK:) 2 + 3 HgO+H 20 . Hydrochloric acid, added in excess at 
once, converts it into mercuric chloride and sulphurous acid. Hydrochloric acid, 
gradually added, causes the change of part of it into mercurosic and even hypo- 
niercurosic^ sulphite, by the sulphurous acid liberated from another part ; and 
hydroeliloric acid then forms mercurous chloride. If it changes at all into 
mercurous sulphate, some mercurous chloride and sulphuric acid will also be 
produced, but sulphurous acid, even in the nascent state, will also be produced, 
ft, again, it contains any of its mother-liquor of mercuric nitrate, reactions will 
take place on adding the hydrochloric acid, which will also produce mercurous 
cnloiide and sulphuric acid, the liberated sulphurous acid forming mercurosic 
siupJiite from, the nitrate, and the mercurosic sulphite forming mercurous chloride 
With the mercuric chloride. Nitric acid, ox even sulphuric acid, if sufi&ciently 
dissolves it, but hastens its change to mercurous sulphate. When 
a little more concentrated, the nitric or sulphuric acid dissolves it, without 
sulphur dioxide, and then, if hydrochloric acid is added to the soln. 
without delay,^ mercuric chloride and sulphur dioxide are formed in considerable 
qu^tities, besides some mercurous chloride and sulphurous acid. But if the soln. 
IS kept for a few minutes, mercurous sulphate takes the place of mercuric 
oxysulphite, and soon begins to separate. The addition of hydrochloric acid 
now produces only mercurous chloride and sulphuric acid. Sufficiently cone, 
sulphuric or nitric acid liberates sulphur dioxide at once from mercuric oxysulphite. 
^ phuroiis acid, feee or nearly free from sulphuric acid, when added in excess 
^ once, dissolves it without forming any sulphate or sulphuric acid, and leaving 
^?*^*^**^ metallic mercury, the results of previous changes in the oxysulphite ; 
w en, however, the sulphurous acid is added gradually, mercurosic sulphite is 
oimed, then hypomercurosic sulphite, and, lastly, metallic mercury, as the quantity 
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of sulphurous acid increases, while the soln. from the first contains sulphuric acid, 
and, for a time, a little (acid) mercuric sulphite. The precipitation of merciirosic 
sulphite is also quickly induced when the sulphurous acid is added at once, provided 
it contains a good quantity of sulphuric acid. The formation of the niercurosic 
sulphite is represented : 3(OHg2S03)2+5H2S03=3H2SO4-l-4:Hg3(SO3)2-]-2H2O 

Sodium sulphite soln., added quickly in excess, dissolves if as mercuric sodium 
sulphite ; a minute quantity of metallic mercury is left, due to the presence of a 
little mercurous sulphate formed by a previous change of the oxysuiphite. 
Sodium hydroxide is also formed; (0Hg2S03)2+6Na(S03Na)-f 2H20=4:Na0H 
+4:Hg(S03Na)2. When^ the sodium sulphite is added gradually, however, black, 
flocculent hyponiercurosic sulphite is first scon, which is subsequently resolved into 
mercury and mercuric sodium sulphite. This production of ]i}q>omercurosic 
sulphite seems to prove that when only partially attacked by sodium sulphite, 
the mercuric oxysuiphite is decomposed in such a way that the basic oxide 
is removed, and the normal sulphite left to suffer a change practically the same 
as hydrolysis, but effected by the sodium hydroxide which has been formed 
along with it, instead of by water. Thus : 2Hg(S0o0)oHg30.>+8]^a{S03lSra) 
+40H2=2Hg(S020)Hg+4Hg(S03Na)2+8Na0H ; and 2Hg(S020\Hg+4Na0H 
=Hg(S020)2Hg3+2Na2S04+20H2. Silver sodium sulphite soln. dissolves 
mercuric oxysuiphite, all the silver being precipitated, principally as sulphate. 
The precipitate is much discoloured, apparently by the presence of a little mercuric 
argentous sulphite (coming from mercurous sulphate). Silver oxide scarcely 
appears, because the original soln. always contains some free sodium sulphite, and 
accordingly sodium hydroxide is found in soln. instead. Sodium chloride soln. 
forms mercuric oxide, yellow and insoluble, and mercuric sodium sulphite and 
mercuric sodium chloride, both in soln. : (OHg2S03)2+4NaCl=2HgO 
+Hg(S03lSra)24-Hg^U^^2* ^ little mercurous chloride is found with the oxide, 
and a little sodium sulphate in the soln., owing to the mercuric oxysuiphite having 
begun to change into mercurous sulphate by the time it is prepared for experiment. 
Potassium iodide soln. changes mercuric oxysuiphite instantly into a dull red 
compound, soluble in excess of the reagent, but with .much more difficulty than 
simple mercuric iodide, and then yielding an alkaline soln. This dull red substance 
is of complex nature, and consists of mercuric iodide, oxide, and sulphite, in some 
state of combination. Except when the soln. of potassium iodide is very concen- 
trated, the dissolution of the red compound is at once foEowed by the appearance 
of a slight yellow precipitate convertible by a more cone. soln. of potassium iodide 
into a minute quantity of metallic mercury and dissolved mercuric iodide. The 
production of this yellow iodide is to he referred to the presence of some mercurous 
sulphate in the mercuric oxysuiphite. Mercuric chloride soln. acts slowly on mercuric 
oxysuiphite, if at all, mercurous chloride being gradually produced, together with 
mercuric sulphate which remains in soln. with the excess of mercuric chloride. 
By dissolving mercuric oxysuiphite in sulphuric acid before adding the mercuric 
chloride, the precipitation of mercurous chloride begins immediately, and proceeds 
rapidly until all the sulphite has been decomposed. Actually, mercuric chloride 
has probably no action on mercuric oxysuiphite, its action being on tbe mercurous 
sulphate into which the oxysuiphite so readily changes. The action of mercuric 
chloride on other mercury sulphites is sharp and unmistakable, and in their case 
the completion of the action is retarded, instead of advanced, by the presence of 
sulphuric acid. Mercuric iodide, oxide, nitrate, and sulphate, and also mercurous 
nitrate and sulphate, are without action. Silver nitrate also is without action on 
the oxysuiphite itself, hut a little silver is taken up apparently through the reaction 
with the mercurous sulphate present. L. P. de St. G-illes said that the oxysuiphite 
is soluble in a soln. of potassium cyanide. 

G. H. Hirzel prepared ammomuin mercuric sulphite, (NH4)2Hg(S03)2, or, accord- 
ing to E. C. Franklin, (2IIg0.HgS03)(NB:2Hg)2S03. C. H. Hirzel obtained it by 
dissolving freshly precipitated mercuric oxide in boiling sulphurous acid and 
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saturating the soln. with cone, ammonia ; K. Barth obtained it from a soln. of 
mercuric oxide in a hot, cone. soln. of ammoniiun sulphite. The salt furnishes 
transparent, coioniless, doubly refracting plates ; and K. Barth found that the 
dry salt rapidly decomposes into mercury, sulphur dioxide, and ammonium sulphate. 
According to C. H, Hir^el, the salt is sparingly soluble in water, and the cold, aq. 
soln. slowly decomposes into mercury and sulphuric acid with the evolution of 
sulphuric acid ; the soln. can be boiled without decomposition if free ammonia 
he present. Sulphuric acid gives a whjite precipitate and drives o:S the sulphur 
dioxide ; nitric acid in the cold gives a white precipitate which dissolves when the 
mixture is warmed and red fumes are given off ; and potash-lye displaces ammonia 
and gives a white precipitate of mercuric oxymercuriammomiim sulphite, 
HgS03[NH2(Hg0Hg)]2S03. With a hot soln., auric chloride forms gold-amalgam ; 
a little hydxochloroplatinic acid gives a brown precipitate, and excess, a black 
precipitate ; a little silver nitrate in the cold gives a white precipitate, and when 
boiled, the precipitate becomes yellow, brown, and black, sulphur dioxide is given 
off, and a silver amalgam is formed ; lead nitrate gives a white precipitate in the 
cold, and when heated the precipitate blackens and lead amalgam is formed; 
and in the cold cupric sulphate gives no precipitate, but when boiled, copper- 
amalgam is formed, K. Barth prepared ammonitim mercuric chlorosulphite, 
(NH4)2Hg(S03)2.HgCl2, or NH4CUIgS03, by a method similar to that employed for 
the potassium salt — vide infra. The same remarks apply to ammonium mercuric 
bromosnlphSte, (NH4)2Hg(S03)2.HgBr2, or NH^BrHgSOg. 

As indicated above, mercuric oxide reacts with a soln. of sodium sulphite, and 
E, Teltscher found that with a soln. of mercuric nitrate and sodium chloride, a 
white precipitate is formed when the molar proportion is 1 : 2 — ^the precipitate 
immediately blackens. If the proportion is 1 : 4 no precipitation occurs, but the 
soln. becomes turbid, E. Teltscher studied the potential and light sensitiveness 
of these soln. E. Barth obtained a basic salt, sodium mercuric oxydisulphite* 
Na20.2HgS03, or 0(HgS03;Na)2. It is best made by mixing hot cone. soln. of 
mercuric chloride and sodium sulphite in molar proportions with the corresponding 
quantity of sodium hydroxide; adding alcohol; and cooling the soln. The 
needle-like crystals lower the f.p. of water, giving a mol. wt. of 180-190 when the 
calculated value is 622. The eq, conductivity, A, for an eq. of the salt in p litres is ; 

t? . . 16 32 64 128 266 612 1024 

A . . 66*4 69'3 73*0 75*7 77*5 78*6 79*3 

When treated with oxy-acids, a grey precipitate of mercury oxytetrasulpMte, 
0(HgS03.HgS03.Hg)2Hg5 is formed. L. P. de St. Gilles reported sodium mercuric 
trisulpMte, Na2SO3.2HgSO3.H2O, to be formed in needle-like crystals, by mixing 
a hot, sat. soln. of sodium sulphite and an excess of mercuric chloride, and cooling 
the filtered soln, E. Divers and T. Shimidzu, and K. Barth could not prepare this 
salt. L. P. de St. Gilles prepared sodium mercuric sulphite, Na2S03,HgS03.H20, 
which E. Divers and T. Shimidzu represented by Hg(S02.0Na)2.H20. L. P. de 
St. Gilles made it by pouring a soln. of mercuric chloride into an excess of one of 
sodium sulphite, and evaporating — H. Baubigny, and K. Seubert and M. Elten 
employed an analogous process. K. Barth obtained it from a soln. of mercuric 
oxide in one of sodium hydrosulphite ; and E. Divers and T. Shimidzu, from a soln. 
o£ mercuric oxide in one of sodium pyrosulphite — ^if normal sodium sulphite be used, 
some sodium hydroxide is formed. When sodium sulphite acts on mercurous 
chloride, hypomercurosic sulphite is precipitated, but this is so rapidly decomposed 
by the excess of sodium sulphite, forming sodium mercuric sulpMte and mercury, 
that it is only just possible to see the blackening of the sulphite. The end-products 
are : 2HgCi-+2Na2S03=Na2Hg(S03)2+Hg-f-2NaCL The reaction is quanti- 
tative — half the mercury passes into soln., and half is precipitated as black 
mereary. The colourless crystals are comparatively stable. When the dry 
salt is moderately heated, it evolves sulphur dioxide and water, and becomes 
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brown or grey. Wken the residue is wetted, it blackens, tlirongli the formation 
of a floccnient, brownish-black matter, in small quantity, the principal products 
being metallic mercury and sodium sulphate. The brown-black matter heated 
with water changes into a pure black substance, insoluble in hot dil. nitric acid, 
and w-hich is apparently mercuric sulphide. The main change effected by dry 
heat is probably the same as that by hot water, but a little mercuric sodium 
thiosulphate would seem to he also produced, by a reaction between the sulphur 
dioxide and some as yet undecomposed mercuric sodium sulphite. K. Barth found 
the lowering of the f.p. of aq. soln. corresponds with a mol. wt. of 153-6-154:-9 — 
theory requires 406*6. The eq. conductivity. A, for an eq. of the salt in v litres is : 

V . 16 32 04 128 256 512 1024 

A . .79 4 85*8 91-0 95-4 98-7 102-S 106-5 

L. P. de St. Gilles found that the aq. soln. is sparingly soluble in water and neutral 
to litmus ; and, added E. Divers and T. Shimidzu, 100 parts of cold water dissolve 
about 4 parts of the salt. The aq. soln. may be preserved a little time without 
change, bnt it slowly turns grey, and decomposes into sulphur dioxide, mercury, 
and sodium sulphate. H. Banbigny, and K. Barth made observations to the same 
effect. According to L. P. de St, Grilles, when the aq. soln. is heated, similar 
products are obtained : Hg(S03Na)2=Hg-hS02-f ]S[a2S04, and the change is 
abrupt. He said that mercurous sulphate is one of the fost products of the decom- 
position by hot water: 2Hg{S03Na)2==Hg.2S04+Na2S03+Na2S.205, and the 
mercurous sulphate blackens rapidly and dissolves leaving only mercury as a 
residue. H. Bauhigny observed that no dithionate is formed. B. Divers and 
T. Shimidzu said that it is not likely that mercurous sulphate is formed, for it would 
not come out of a soln. with an abundance of hot acid liquor, and it cannot exist 
in the presence of sodium sulphite. The separation attributed to mercurous 
sulphate is produced by the separation of mercury which first appears as a bright 
rolling cloud, suggesting a precipitate of great volume, an effect due apparently 
to metallic reflection of light ; this cloud then melts away, leaving a relatively 
minute, very dark grey deposit of mercury at the bottom of the vessel, the bright 
mist becomes, so to speak, a rain of mercury. The effect of sodium hydroxide, 
sulphite, and chloride in preventing the decomposition of the salt in hot soln. 
indicates that the decomposition which occurs in absence of all such substances 
depends on the presence of acid, develops in minute quantity by the incipient 
decomposition of the salt. As to the sodium chloride, that will be effective through 
its displacing the sulphuric acid from the sulphite hy hydrochloric acid, which 
is incapable of causing any liberation of mercury from the double sulphite. Since 
acid is the cause of the change, the formation of mercuxosic sulphite will precede 
that of free mercury. Sodium hydroxide is without action when in dil. soln. 
(L. P. de St. Gilles) ; in its presence a soln. of mercuric sodium sulphite can be 
boiled without decomposing. If, however, the sodium hydroxide is added in some- 
what large quantity and in cone, soln., it precipitates some of the mercuric oxide, 
slowly in the cold, rapidly in the hot soln. Some only of the oxide is precipitated, 
and this is the scarlet-red form, instead of the usual orange-yellow one. In thus 
yielding the red oxide, mercuric sodium sulphite resembles black mercuric oxy- 
chloride. Potassium hydroxide precipitates mercuric potassium sulphite, which 
is much less soluble than the sodium salt. Mercuric oxide is not precipitated from 
the potassium salt by the most cone. soln. of potassium hydroxide, even when hot. 
Hydrochloric acid changes it into mercuric sodium chloride and sulphurous acid. 
Nitric acid (or sulphuric acid) sufficiently diluted, and not in great excess, yields 
mercurosic sulphite, sodium sulphate and nitrate, and sulphur dioxide ; thus : 
3Hg(S03Na)2+4HN03-=4NaN03+Na2S04+Hga(S03)2+3S02+2H20. In this 
complex change, the mercuric sulphite will not be decomposed by the nitric acid 
itself, for dil. nitric acid does not decompose mercury sulphites. The double salt 
will first exchange its sodium for the hydrogeu of the nitric acid, and then the 
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mercuric lydrogen snlpHte will suEer partial liydrolysis and be converted into 
mercnrosic snlpkite, sulphuric acid, and sulphurous acid. The addition of a little 
acid to a soln. of mercuric sodium sulphite makes it smell of sulphur dioxide, but 
does not cause immediate precipitation. Some greyish mercurosic sulphite may 
soon precipitate, but in any case mercury is gradually set free. The acidified soln. 
behaves, in fact, as one of mercuric li^^drosulphite. Sulphurous acid is without 
an apparent action. Sodium sulphite, in dil. soln., is without action, but its presence 
stops the decomposition of mercuric sodium sulphite by heat ; in cone, sohi., it 
precipitates much of the mercuric sodium sulphite, which is much less soluble in 
it than in water, slightly soluble only as it is in the latter. Sodium chloride soln. 
is without action ; it prevents (L. P. de St. Grilles), or almost prevents, the usual 
decomposition when nieicuric sodium sulphite is heated alone with water. The 
evaporated soln. deposits crystals of the mercuric sodium sulphite unchanged, 
according to L. P. de St. Grilles. Sodium hydroxide has no cflV^ct on the boiling 
mixed soln., indicating that there is no action (L. P. dc St. Gilles) when the sulphite 
is in soln. A soln. of the iodide added to the solid sulphite gives a little crimson 
(not yellow or scarlet) precipitate. The niother-licpior, or a mixed soln. of the 
sulphite and iodide, gives a precipitate of ordinary mercuric iodide when treated 
with sulphur dioxide. Mercuric chloride soln., in the cold, is without action ; but 
when the soln. are hot, mercurous chloride, sodium sulphate, and sulphur dioxide 
are produced: Cl2Hg+Hg(S03Na)2=(ClHg)2-|-SC^4^^2+®02. Or, as L. P. de 
St. Gilles found, hydrochloric acid may be formed (and then there will also he 
sulphuric acid) : 2H2O+SCl2Hg+Hg(SO3Na)2=2HCl+2(ClHg)2+SO4Na2+S04H2. 
This occurs only when the mercuric cUoride is in excess, the two acids then resulting 
from the well-known reaction between mercuric chloride and sulphurous acid. 
It is almost certain that the formation of mercurous chloride is due to the 
independent decomposition, of the mercuric sodium sulphite, for when this is 
prevented by the addition of sodium chloride no change of mercuric chloride to 
mercurous chloride takes place. Mercurosic sulphite is formed from the mercuric 
sodium sulx^hite by the action of traces of sulphuric acid, and the mercuric chloride 
then acts on it, to yield mercurous chloride and sulphuric acid again ; so that 
once started, the decomposition of the sulphite proceeds very quickly. Mercuric 
iodide is without action in the cold. Heated, it is converted into the yellow 
iodide, and ultimately to mercurous iodide apparently. The reaction will be 
similar to that between the sulphite and mercuric chloride. Mercuric oxide 
(precipitated) is without action in the cold, but warmed with the soln. it gradually 
gives places to somewhat grey mercurosic sulphite, sodium sulphate being also 
formed. Most probably some decomposition of the mercuric sodium sulphite 
first occurs, as usual, into sodium sulphate, mercurosic sulphite (or mercury), 
and sulphurous acid, and then the sulphurous acid reacts with the mercuric oxide 
to form more mercurosic sulphite and sulphuric acid, which with sodium sulphite 
gives sodium sulphate and sulphurous acid, and so on. Mercuric nitrate soln. 
(aq. nitric acid sat. with precipitated mercuric oxide), in excess, dissolves mercuric 
sodium sulphite, and then very rapidly yields a precipitate of inerouric oxysulphite. 
Provided the mercuric nitrate soln. is somewhat cone. (10 per cent, or more), 
and free from avoidable excess of acid, oxysulphite alone is precipitated if the 
mercuric sodium sulphite is added at once in quantity small enough to leave 
much of the nitrate undecomposed, and consequently not to generate too much 
nitric acid in this soln. The formation of the oxysulphite appears to be the only 
reaction of the mercuric nitrate ii^elf, hut other changes occur, owing to the 
nitric acid set at liberty : 3Hg(H03)2-d-Hg(S03Na)2+2H20=2NaN03+4HN03 
+(0Hg2SO3)2. The mother-liquor of the oxysulphite, treated with more mercuric 
sodium sulphite, yields at first mercurosic sulphite, and then gradually mercurous 
sulphate. When the quantity of the sulphite first added to the mercuric nitrate 
is too great, mercurosic sulphite may or may not be precipitated, but the oxy- 
sulpMte which is formed remains in soln., soon, however, to pass, with marked rise 
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of temp., into mercurous sulphate, which then crystallizes out. In this case, it is 
sometimes quite practicable to pour the mother-liquor oS from the mercurosic 
sulphite, before the mercurous sulphate begins to separate. Mercurosic sulphite 
can always be obtained by adding the mercuric nitrate gradually to the mercuric 
sodium sulphite. It is no doubt formed, in either case, through the action of the 
nitric acid present on the mercuric sodium sulphite, and of liberated sulphurous 
acid on the mercuric nitrate ; whilst the mercurous sulphate is the result of a 
inetameric change of the mercuric oxysulphite in soln. in the nitric acid. Mer- 
curous nitrate soln. precipitates mercurosic sulphite: Hg(S03Na)2+(HgN03)2 
r=2NaN03+IIg(S03)2Hg2. Mercurosic sulphite prepared in this way is always 
of a light buff colour, although when formed by hydrolysis it is brilliantly white. 
When the nitrate soln, is free from nitrous acid, and, so far as possible, from nitric 
acid also, only traces of sulphuric acid are formed. Nitric acid, in precipitating 
mercurosic sulphite, generates sulphuric acid. Mercuric sulphate soln. does not 
precipitate mercuric oxysiilphite, in consequence, apparently, of the solubility 
of the latter in sulphuric acid. The mixed soln. soon deposits mercurous sulphate. 
By adding quickly about an eq, quantity of the mercuric sodium sulphite, mercurosic 
sulphite can be precipitated. By adding a little strongly alkaline soln. of mercuric 
sodium sulphite to excess of cone, mercuric sulphate soln., mercuric oxysulphite 
can be precipitated. Mercurous sulphate behaves like the nitrate, when it is 
shaken in the solid state with soln. of mercuric sodium sulphite. It is then quickly 
changed to mercurosic sulphite- K. Barth prepared sodium mercuric cMoro- 
sulphite, HgCl2.Na2Hg(S03)2.H20, or NaClHgS03.H20, by a method analogous 
to that used for the potassium infra. 

K. Barth prepared potassium mercuric oxytrisulphite, K20-3Hg0.3S02, or 
KSOs.Hg.O.Hg.SOs-Hg.SOsK, by shaking a soln. of potassium mercuric etJoro- 
sulphite with an excess of moist silver oxide, or with potassium hydroxide, and 
evaporating the soln. on a water-bath ; or else by mixing one part of mercuric 
oxide with 2 parts of a soln. of potassium hydrosulphite. The dry salt quickly 
decomposes ; it is insoluble in water ; partially soluble in potash-lye ; and develops 
sulphur dioxide without oxidation when treated with the halogen acids. K. Barth 
also prepared potassium mercuric oxydisulphite, K2O.2iIgO.2SO2, or 0(HgS03K)2 ; 
and monoJiydratej K2^-^IIgO-2S02.H20, or HO.HgSOsK, in groups of needle-like 
crystals, by adding alcohol to the liquor obtained by treating the preceding salt 
with alcohol. It decomposes suddenly with detonation at 91°. E, Divers and 
T. Shimidzu obtained potassium mercuric sulphite, K2SO3.HgSOa.MH2O, as a 
precipitate by adding potash-lye to a soln. of the sodium salt. L. P. de St. G-iUes 
obtained the monohydrate from sat. soln. of mercuric chloride and potassium 
sulphite ; from a soln. of mercuric oxide or mercuric iodide in one of potassium 
sulphite ; and from the soln. obtained by treating mercurous chloride with 
potassium sulphite soln. K. Barth reported that the salt is a dihydrate, 
K2SO3.HgSOa.2H2O. The white needles of the monohydrate give off water when 
heated ; and at a higher temp., most of the mercury is volatilized and potassiimi 
sulphate remains. K. Barth foxmd that the lowering of the f.p. corresponds with 
a mol. wt. of 168*2 to 171*8 — ^theory 438*8. The eq. electrical conductivity. A, fox 
an eq. of the salt in v litres is : 

V . . 16 32 64 128 266 6l2 1024 

A . . 97-3 104-0 110*2 115-5 119-5 123*1 126-0 

\ 

The results correspond with the ionization of the salt into three ions. The salt 
is sparingly soluble in cold water, forming a neutral soln. ; when the aq. soln, 
is heated, it decomposes : 2(K2S03.HgS08)+H20=Hg2S04-l-K2S03+22^HS04 
=2Hg-t-2K2S04+2S02+H20 — vide supra^ the corresponding sodium salt. Hydro- 
chloric acid, in a boiling soln., gives a quantitative yield of sulphur dioxide without 
reduction. In a boiling soln. mercuric chloride is reduced : K2S03.HgS034-EgCl2 
=2HgCl+K2S04-f SO2. No precipitate is formed with potassium hydroxide. 
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iodide, ferrocyanide, ferricyanide, or with alkali phosphate, carbonate, oxalate, or 
tartrate* Hydrogen sulphide, or alkali hydrosulphide, gives an orange-yellow, 
or a black precipitate. K. Barth also prepared potassium mercunc cMorosidphite, 
K2Hg(S04)2.HgCl2, from a hot sat. soln. of the component salts. The lowering of 
the f.p. of water corresponds with a mol. wt. of 176*5 — theory 710. The crystal 
plates and needles are easily decomposed especially in boiling aq. soln. Oxy-acids 
accelerate the decomposition of the salt ; halide acids give sulphur dioxide and 
mercuric halide ; metal chlorides and alkali sulphites do not decompose the salt. 
Alkali phosphate, carbonate, oxalate, and tartrate give no precipitation ; potassium 
ferrocyanide and ferricyanide give precipitates ; and with alkali hydroxides, 
the chlorine is replaced by oxygen or the hydroxyl-radicle. The corresponding 
potassium mercuric bromosulphite, HgBr2.K2Hg(S03)2, was obtained in a similar 
way, guild its properties were the same. 

B. Divers and T. Shimidzu found that a silver mercuric sulphite, 
Ag2SO3.HgSO3.2H2O, is probably formed on adding sodium silver sulphite to 
li3rpomercurosic sulphite. The formula here given is due to K. Earth, who pre- 
p>ared this salt by adding silver nitrate to alkali mercuric sulphite. The white 
precipitate decomposes in a few minutes, becomes brown and black from the 
separation of mercury and silver. Cupric mercuric sulphite, CuS03.HgS03, is 
freely soluble in water, and the soln. is decomposed when boiled. By adding a 
soln. of a strontium salt to the alkali mercuric sulphite he obtained a crystalline 
precipitate of strbntium mercuric sulphite, SrSO3.HgSO3.2H2O ; similarly with 
barium mercuric sulphite, BaSO3.HgSO3.H2O. 
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§ 20. The Sulphites of the Aluminium-Rare Earth Family 

A, F- de Foiircroy and L. N. Vaiiquelin ^ prepared aluminium tetrahydrosy- 
sulphite, A1{0H)3.A1(0H)S03, or Al2(0H)4S03, from a soln. of aluminium hydroxide 
111 sulphurous acid. M. Gougginsperg eyaporated the soln. in vacuo, and obtained 
a gununy mass, but by heating the soln. to 74 "^, this salt is precipitated as a white 
powder. Analyses by A, li. Rohrig, J. S. Muspratt, A. F. de Fourcroy and 

L. N. Vauquelm, and M. Gougginsperg agree with this formula. The salt gives 
off sulphur dioxide at 100*^, and when heated to a higher temp., alumina 
contaminated with a little sulphate is formed. The salt is insoluble in water ; 
soluble in sulphurous acid ; and it oxidizes in air to a basic sulphate. K. Seuhert 
and M. Eiten mixed 0‘liV-soln. of 2 mols of aluminium chloride and 3 mols of 
sodium sulphite, cold or hot — sulphur dioxide is at the same time evolved — and a 
white gelatinous precipitate is formed. This was washed with cold or hot water 
and dried in vacuo. Its composition corresponded with aliiminiuin octohydroxy- 
trisulpliite, 6Al(0H)3.Al2(S03)3.9H20. The salt is readily oxidized in air. 
G. Scurati-Manzoni made a mixture of powdered aluminium sulphate and sodium 
sulphite, and heated it with a little water to 100°. On cooling, sodium sulphate 
crystallized out, and what may have been normal aluminium sulphite remained 
in soln. 

According to L. E. Porter and P. E. Browning, if neutral or acidic soln. of a 
gallium salt be treated with an ammoniacal soln. of ammonium hydrosulphite and 
boiled, gallium hydroxide is precipitated under conditions where a soln. of the zinc 
salt would not he precipitated. According to C. J. Bayer, if indium hydroxide be 
treated with an excess of a soln. of sodium hydrosulphite, or, according to A. Thiel, 
with ammoilium sulphite, and boiled, a white crystalline precipitate of indium 
oxysulphite, In203.In2(S03)3.8H20, is formed. It loses 3 mols. of water at 1 CX)° ; 
at 280 ° the evolution of sulphur dioxide begins ; and at a red-heat indium oxide 
is formed. 

If sulphur dioxide be passed into a soln. of thallous salt, the turbidity first 
formed soon vanishes, and on evaporating the soln. in a desiccator, or on a water- 
bath, scaly crystals of thallous sulphite, TI2SO3, are produced ; K. Seubert and 

M. Eiten obtained the same salt from a mixture of soln. of molar proportions 
of thallous sulphate and sodium sulphite. The precipitate was allowed to stand 
in contact with its mother liquid for 24 hxs,, and then washed with 50 per cent, 
alcohol, and then with stronger alcohol. Alcohol precipitates the salt from its 
acid sobi. The crystals are pale yellow. The sp. gr. is 64164 at 19 * 8 °/ 0 °. R. Robl 
observed no fluorescence with thallous sulphite in ultra-violet light. K. Seubert 
and M. Eiten observed that the salt is fairly stable in air, but oxidizes slowly ; the 
crystals are sparingly soluble in cold, but fceely soluble in hot water ; at^ 15 °, 100 
parts of water dissolve 3*34 parts of the salt. When treated with dil. acids, 
sulphur dioxide is given off, and when heated in hydrogen, thallous sulphide and 
sulphate, and thallium are formed. Boiling water forms a basic salt with the 
evolution of sulphur dioxide. Thallous hydrosulphite, TIHSO3, has not been re- 
ported. G. Canneri prepared yellow crystals of thaUous cupric sulphite, Tl2Cu(803)2, 
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and blue crystals of the hexahydrate, Tl2Cu{S03)2.6H20 ; as well as cinnabar red 
crystals of thallous ctiprosic sulphite, CuSO3.3Cu2S0;j.Tl2S03. He also made 
thallous zinc sulphite, Tl2Zii(S03)2, and thaEous cadimum sulphite, Tl2Cd{S03)2, 
as pink micro crystalline powders. 

W. Crookes obtained a heavy white precipitate of scandium sulphite, Sc2(S03)3, 
by mixing soln, of scandium chloride and sodium sulphite, and dr^ng in air. 
The salt is soluble in an excess of a hob sodium sulphite soln. It is insoluble in 
cold water and slightly soluble in hot water. R. J. Meyer obtained the hexahydrate. 
The salt is decomposed when boiled with water and sulphur dioxide is evolved. 
R. J. Meyer prepared ammonium scandium sulphite, (NH4)2S03.Sc2(S03)3.7H20, 
from its component salts ; it is insoluble in water, and sparingly soluble in 
sulphurous acid. 

P. Berthier obtained needle-like crystals of cerium sulphite, 062(803)3. 3H2O, 
from a soln. of cerous carbonate in sulphurous acid. The crystals are readily 
soluble in water. The soln. gradually decomposes. H. G-rossmann said that 
cerium, lanthanum, and didymium sulphites exhibit no tendency to form complex 
sulphites with the alkali sulphites. V. Cuttica prepared potassium cerous sulphite. 
K2SO3.Ce2(SO3)3.4H20, by adding an excess of the alkali sulphite to a soln. of the 
hydrosulphite of the rare earth, and subsequently heating the liquid, on a water- 
bath, in a flask connected with a water-pump, so that air is largely excluded, the 
double sulphite separates as a microscopic powder, which is highly stable in the 
air, but imdeigoes gradual oxidation to sulphate if suspended in water. Similarly, 
ammonium cerous sulphite, 3(NH4)2S03.2Ce2(S03)3 ; and also normal sodium 
cerous sulplaite, Na2S03.Ge2(S03)3.2H20, and if a deficiency of sodium sulphite 
is present, 2Na2S03.3Ce2{SO3)2.2H2O is formed. P. T. Cleve obtained a voluminous 
mass of lanthanum sulphite, La2(S03)2.4rH20, from a soln. of the hydroxide in 
sulphurous acid ; V. Cuttica prepared potesium lanthanum sulphite, 3K2SO3. 
2La2(S03)3*2ll20, and ammonium lanthanum sulphite, (NH4)2S03.La2(S03)3. 
J. C. G. de Marignac obtained didymium sulphite, Di2(S0s)3.3H20, or GHoO, in a 
similar way. The salt is insoluble in water, and soluble in sulphurous acid, from 
which soln. it is precipitated by heating, and redissolves on cooling. V. Cuttica 
prepared potassium didymium sulphite, K2S03.I)i2(S03).4H20- P. T. Cleve made 
samarium sulphite, Sm2{S03)3.3H20, as a white powder, by dissolving the oxide in 
sulphurous acid. The salt loses a mol. of water at 100°. P. T. Cleve obtained in a 
similar manner erbium sulphite, ErsCSOalg.SH^O ; yttrium sulphite, Y2(S03)3.3H20, 
which is slightly soluble in water ; and A. Cleve ytterbium sulphite, Yb2{S03)3-9E20, 
by the action of sulphur dioxide on water with the carbonate in suspension. It is 
insoluble in water. P. B. Sarkar prepared tie dodecahyirate of gadolinium sulphite^ 
Gd2(S03)3.12H20, by double decomposition of gadolinium nitrate with sodium 
sulphite ; and the heocahydrate by the action of sulphur dioxide on gadolinia 
suspended in water. G-. Canneri and L. Fernandes prepared some cuprosulphites 
of the rare earths, with the general formula RCu(S03)2*8H20, and in the form 
of minute crystals, by crystallizing under reduced press, a warm soln. of copper 
carbonate and the rare-earth hydroxide, sat* with sulphur dioxide. These com- 
pounds are darker in colour and much less stable than the corresponding com- 
pounds of the alkali metal. Thus, cerium cuprous disulphite, CeCu(S03)2,8H20 ; 
ianthanum cuprous disulphite, LaCu(S03)2.8H20 ; praseodymium cuprous di- 
stili>hite,?rCu(S03)2-8Il20; and neodymium cuprous disulphite, NdCu(S03)2.8H20> 
are known. 
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§ 21. Sulphites o£ the Zirconiiun-Lead Family 

R. Herraami ^ observed that animoniuni sulphite precipitates a basic zirconium 
oxsrsnlphite trhich dissolves in an excess of the precipitant. The soln. gives no 
precipitate with alkalies, and when boiled deposits zirconium hydroxide. F. P. Ten- 
able and C. Baskervilie passed sulphur dioxide into a feebly animoiiiacal soln. of 
zirconium chloride and obtained basic sulphites ; also by the action of sulx>hiiroiis 
acid on zirconium hydroxide ; by the action of sodium sulphite on a feebly acidic 
soln. of zirconium chloride ; and C. Baskervilie, by the action of sulphur dioxide 
on a feebly acidic soln. of zirconium chloride — not sulphate. The composition 
of these products was found by F. P. Tenable and C. Baskervilie to vary from the 
molar proportion Zr : 802=2 : 1 to 4 : 1, P. Berthier described the basic sulphite 
as a white powder, easily soluble in sulphurous acid, and precipitated by boiling 
the soln. P. P. Tenable and C. Baskervilie obtained crystals of normal zirconiniii 
sulphite* Zr(S03)2TH20, from a soln. of zirconium hydroxide in an excess of 
sulphurous acid, and evaporating the filtered soln. over cone, sulphuric acid. 

G. Baskervilie obtained a basic thorium sulphite of indefinite composition by 
passing sulphur dioxide into a soln. of thorium hydroxide in hydrochloric acid and 
neutralizing with ammonia ; and H. Grossmann observed the precipitation from 
thorium salt soln. by ammonium sulphite is quantitative. The precipitate is 
soluble in sulphurous acid. H. Grossmann obtained thorium dihs^droxytrisul- 
phite, Th2{0H)2(S03)3.37H205 as a white precipitate by passing sulphur dioxide 
into a cone. soln. of thorium nitrate. P. T. Cleve obtained normal thorium sul- 
phite, Th(S03)2.H20, by deposition from a soln. of thorium hydroxide in sul- 
phurous acid, and drying the white amorphous powder at 100°. A soln. of 
thorium sulphite gives a precipitate when treated with alkali hydrosulphite, and 
the precipitate — ^possibly thorium hydrosulphite — ^is only slightly soluble in an 
excess of the precipitant. No complex salt is formed when the hydroxide is dis- 
solved in a soln. of alkali hydrosulphite. H, Grossmann obtained potaj^um 
thorium hydroxysulphite, 2K2SO3.Th(OH)2SO3J0H2O, as a white amorphous 
powder ; and so^um thorium hydrosulphite, 2Na2S03.Th2{0H)2{S03)g.22H20, 
as an insoluble solid, which is soluble in dil. hydrochloric acid. 

A. F. de Fourcroy and L. N. Vauquelin ^ found that tin dissolved in sulphurous 
acid produces tin sulphide and sulphite. J. J. Berzelius said that stannous sul- 
phide and thiosulphate are the main products, but M. J. Fordos and A. Gelis 
showed that very little thiosulphate is formed. The main product is stannous 
sulphite. P. Berthier found that ammonium sulphite precipitates almost the whole 
of the tin, as tiu oxsrsulphite, from a cold sola, of stannous chloride, and all is pre- 
cipitated from a hoiHng soln. According to A. Eohrig, a grey basic sulphite 
is precipitated when stannous, chloride is added to an excess of alkali sulphite 
soln. ; with more stannous chloride, the precipitate redissolves, and some stannous 
sulphide separates out. If fresldy precipitated and well-washed stannous 
hy^oxide is treated with sulphur dioxide, a yellow basic salt, 5Sn0.2S02.20H20, 
soluble in sulphurous acid is formed; and when the soln. is warmed, 
llSnO.2SO2.20H2O is precipitated. K. Sfeubert and M. Elten mixed dil. soln. 
of stannous chloride and sodium sulphite, and after washing the precipitate and 
drying it in vacuo, obtained a product with the composition Sn(0H)2d6SnS03. 

J. L. Gay Lussac, and T. Thomson obtained lead sulphite, PhSOg, by treating 
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a soln. of a lead salt with alkali sulphite ; H. Pellet used sulphur dioxide. K. Seu- 
bcrt and M. Elten poured a soln. of 12*58 grnis. of sodium sulphite in 100 c.c. of 
air-free water into one of 37*8 grnis. of lead acetate in 100 c.c. of air-free water ; 
washed the precipitate with water, and dried it in vacuo. M. Griffin and M. Little, 
and G. S. Jamieson showed that the precipitation with sulphurous acid, or with 
sodium or ammonium hydrosulphite, is quantitative. W. N. Iwanofi also showed 
that the reaction is sensitive to one part of lead in 20,000,000. L. Marino added 
lead dioxide to a cone. soln. of ammonium hydrosulphite cooled by ice : 
Pb 02 +S 02 =PbS 03 + 0 . A. Rohrig passed sulphur dioxide into water with 
lead carbonate in suspension. A. G. Fell passed sulphur dioxide into a soln. of 
lead acetate. R. Warrington treated lead phosphate with sulphur dioxide ; 
H. G. H. Carpenter, lead dithionate ; S. C. Smith, lead chloride ; and A. Guerot, 
lead sulphide, G. E. Rodwell observed that some sulphite is formed when lead 
sulphide is exposed to moist air ; and A. and L. Lmniere and A. Seyewetz, hy the 
action of lead pentathionate on sodium thiosulphate. Lead sulphite is a white, 
tasteless, granular powder, which oxidizes in light to lead sulphate. When heated, 
it develops sulphur dioxide and leaves a residue of lead sulphide, sulphate, and 
oxide. J. L. Gay Lussae, and T. Thomson found the sulphite to be insoluble in 
w^ater ; and’X. Seubert and M. Elten showed that when boiled with water, it forms 
a basic salt, but a definite basic sulphite could not be prepared. A. G. Fell, A. and 
L. Lumike and A. Seyewetz, and A. C. J. Charlier proposed to use the basic sulphite 
obtained by the action of steam on the normal sulphite, or from a paste of lead 
oxide and sulphur dioxide under press., as a substitute for white lead. A. H. Rohrig 
found the sulphite is sparingly soluble in sulphurous acid, but soluble in other 
acids. J. L. Gay Lussae, and T. Thomson found that with hydrochloric and sul- 
phuric acidSj sulphur dioxide is given off ; and with nitric acid, the salt is oxidized 
to sulphate. L. Marino found that the sulphite is quantitatively oxidized by 
potassium permanganate soln. ; and with dimethyl sulphate it forms lead methyl 
suiphonate, and he inferred that the structure is asymmetric. 
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§ 22, SulpMtes ot the Antimony-Vanadium Family 

J. J. Berzelius ^ obtained what he regarded as antimony sulphite by the action 
of sulphurous acid on antimony trioxide, and hy passing sulphur dioxide into an 
aq. soln. of antimony trichloride ; but A. H. Rohrig was. unable to prepare anti- 
mony sulphite hy either of these methods. 
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K. Senbert aad M. Elten were unable to prepare Msnaiitll 1 %^/' 

Bi2(S03)3, Msnmtliyl sulphites (Bi0)S03, or bismuth hydroxysEipMtes 
The products were more complex, and may be mixtures of two or more of these 
components. J. S. Mnspxatt obtained a sulphite which was not closely investi- 
gated by passing sulphur dioxide into a soln. of bismuth nitrate. A. F. de Fouxcioy 
and L. H. Vauquelin, and A. Rohrig, obtained bisniuthyl dihydroxytrisulphite, 
(Bi0)2SO3.2(BiOH)SO3.4H2O, by treating bismuth oxide with sulphurous acid, 
and washing the product with alcohol, and drying it over sulphuric acid. The 
white powder is stable in air, insoluble in water ; and soluble in sulphurous 
acid. K. Seubert and M. Elten obtained bismuthyl hydroxydecasulphite, 
9(Bi0)2S03.Ei(0H)S03.2H20, as a white powder, by pouring a boiling hot soln. 
of a mol of bismuth nitrate and nitric acid to a hot soln. of 4 mols of sodium sul- 
phite ; the precipitate was washed free from nitric acid by hot water, and dried over 
sulphuric acid; bismuthyl hydroxypentasulphite, 4(Bi0)2S03.(Bi0H)S03.5H20, 
was prepared by using a mol of bismuth nitrate and 8 mols of sodium sulpbitefat 
ordinary temp. ; bismuthyl trihydroxypentasulphite, 2(Bi0)2S03,3(Bi0H)S03.2H20, 
using a mol of bismuth nitrate and 4 mols of sodium sulphite at ordinary temp. ; 
bismuthyl heptahydroxydecasulphite, 3(BiO)2SO3.7(Bi0H)SO3.10H2O, using a mol 
of bismuth nitrate and 3 mols of sodium sulphite ; and bismuthyl tidhydros^etra- 
sulphite, (Bi0)2S03.3(Bi0H)S03.H20, by allowing the precipitate with a mol of 
bismuth nitrate and 4 mols of sodium sulphite, at ordinary temp., to stand in 
contact with its mother-liquid for some time before washing. 

G-. Gain 2 prepared vanadyl trisulphite, 4VO2.3SO2.IOH2O, by dissolving in air- 
free sulphurous acid the mixture of vanadium tri- and tetra-oxides obtained by 
calcining ammonium vanadate at. a dull red-heat. The soln. furnishes silky, blue 
needles of the salt. When the aq. soln. is boiled, it decomposes, forming pale red 
crystals of hypovanadic acid. L Koppel and E. C. Behrendt prepared vanadyl 
sidphite, 3Y02.2S02-4|H20, by boiling a mol of ammonium vanadate with a soln. 
of an eq. quantity of barium hydroxide until the ammonia is completely ex- 
pelled, and reducing the suspended barium vanadate with sulphur dioxide : 
Ba(V03)2+S02=BaS04-f2V02. The evaporation of the filtered liquid in a 
current of sulphur dioxide gave a dark blue, microcrystalline powder, whose com- 
position is probably H2O.3VO2.2SO2.3JH2O. Vanadyl sulphite forms two series 
of complex salts. The blue series has the empirical formula R'2^ .2S02.3V02.^iH20 ; 
and the green series R'20.2S02.V02.^H20. The blue series is obtained by mixing 
a mol of ammonia with a soln. of a mol of the metavanadate, and, after reduction 
with sulphur dioxide, evaporating in a current of sulphur dioxide. Blue crystals 
of ammonium trivanadyl disulphite, (NH4)20.3V02.2S02.H20, were formed ; and 
in an analogous manner sodium tiivana^l disulphite, Ha2O.3VO2.2SO2.4H2O ; 
potassium trivanadyl disulphite, K2O.3VO2.2SO2 ; and zinc trivanadyl disulpMte, 
ZnO.3VO2.2SO2, were prepared. The green salts were obtained by reducing a 
soln. of a metavanadate, adding ammonium sulphite and evaporating the liquor. 

In this way, ammonium vancSyl d?.sulphite, (NH4)20.V02.2S02.2H20 ; sodium 
vanadyl disulphite, Ha2O.VO2.2SO2.5H2O ; and potassium vanadyl disulphite, 
K20.V02.2S02.5J'H20, were prepared. 

- G. Gain obtained ammonium hexavanadyl tetrasulphite, (HH4)20,6V02.4S02. 

4H2O, in black, elongated crystals, by mixing ammonium bydrosulpbite with the 
blue soln. obtained by treating ammonium vanadate with a sat. soln. of sulphurous 
acid, and evaporating at a low temp, in vacuo. He also obtained in an /analogous 
manner lithium divanadyl hexasulphite, 5Li2O.2VO2.6SO2.8H2O, as a blue crust 
^ of microscopic crystals ; sodium decavanadyl hexasulphite,Na20.10V02.6S02.2H20, 
in black crystals ; potassium hexavanadyl tetrasulphite, K2O.6VO2.4SO2.5H2O, 
in blue crystals ; rubidium divanadyl Sulphite, 2Rb2O.2VO2.6SO2.2H2O, in 
slender needles or as a grey crystalline powder ; caesium ^vanadyl tetrasulphite, 
3 Cs20.2V02.4S0^».8H<?0, resembling the rubidium salt; and thallium hexavanadyl 
tetrasulphite, TI2O.6VO2.3SO2.8H2O, or TlaSOs.StVOlaSOa.SHsO. 
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§ 23. Sulphites of the Selenium-Uranium Family 

The ]><jSbiLle existence of selenium sulphite, SeSOg, is discussed in connection 
with selenium suiphotrioxide ; and tlie corresponding tellurium sulphite, TeSOs, 
is discussed ill connection with tellurium sulphotrioxide. H.Berglund^ prepared 
ammoniam tellurium sulphite, (Nll4)2S03.TeS03.9?E20, soluble in water. 

A. Moberg - reported chromous sulphite — presumably CrS03 — ^to he formed, 
as a brick-red precipitate, when aq. soln. of chromous chloride and potassium 
sulphite are mixed. The precipitate should be washed away from access of air ; 
it becomes brown in a few days owing to its gradual conversion into bluish-green 
basic chromic sulphite. This change is hastened in air. L. N. Vauquelin pre- 
pared normal chromic sulphite — ^presumably Cr2(S03)3 — when chromic hydroxide 
is dissolved in sulphurous acid ; or, according to M. Pruddiomme, in a soln. of 
sodiiiin liydrosulpohite. G. Scutari-Manzoui obtained it by warming on a -water- 
ha tli a mixture of molar proportions of powdered chrome-alum and sodium sulphite 
with just enough water to dissolve the mixture. On cooling the soln. sodium 
sulphate crystallizes out. The green liquid was found by J. S. Muspratt to give 
a greenish-white precipitate when treated with alcohol ; and P. Berthier found 
that when the soln. is boiled, a basic salt is precipitated. The cold soln. does not 
give a precipitate with potassium carbonate, or sodium hydroxide, but precipita- 
tion is complete when the soln. is boiled. Similar results were obtained with 
animonia, cUid the soln. then has a light red colour. When a soln. of the normal salt 
is boiled, P. Berthier, and J. Danson observed the separation of chromic trioxy- 
srQphite, Or.2G3.Cro (803)3.1611.^0 ; and A. Robrig obtained a similar precipitate 
b}^ the addition of alcohol. The green powder is decomposed when heated. K. Seu- 
hert and M. Elten obtained chromic tetrahydroxysulphite, 3Cr2O3.3SO2.3H2O, or 
Cr2(S03)2.4Cr(0H)3.6H2O, or Cr2(0H)4S03-2H20, as a green precipitate, by mixing 
0-05 A"- or O'lA-soln. of sodium sulphite and chromic chloride as nearly neutral 
as possible, and boiling. A. Recoiira mixed aq. soln. of a mol. of chromic sulphate 
and 3 mols. of sodium sulphite, and obtained a green colloidal soln. which is fioccii- 
lated, on boiling, to form a green precipoitate of chromium pentosysulphite, 
2^03.802, or Cr203.Cr202(S02). It may be that the alkali sulphite forms a 
complex salt in the unboiled soln. By evaporating the mother-liquor, chromic 
dioxysulphite, Cr203(S03), is formed as a green mass which yields a green colloidal 
soln. with water. The reaction in the original soln. is probably that symbolized : 

Cr2(804.)3-|~3Na2S03 ■= Cr 202 .S 03 -j- 2 SO 2 “T- 3Na2SO^ . 

The chTOiniuiu m the cold soln. is marked from attack by many reagents. Thus, if 
6 mols. of ammonia in aq. soln, be added to a soln. containing a iiioi. of chromic 
sulphate and 3 mols. of sodium sulphite, chromic hydroxide begins to separate out 
in 5 min. ; if 6 mols. of sodium sulphite are present, the precipitation begins in 
10 miu. ; if mols., in 12 lirs. ; and if 15 mols. are present, no precipitate is formed. 
E. Berglund found that chromic hydroxide dissolves freely in an aq. soln. of potas- 
sium sulphide, and on evaporating the green liquid, a gelatinous mass is obtained. 
He inade iMotassium chromic oj^sulpMte, K20.CT.203.2S02,nH20, or KCrO(S03), 
as a gretui precipitate, by mixing a soln. of idiroiuic salt and potassium sulphite, 
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aud after the mixture has stood for some time, washiii^^ the pr<‘eipitair Tt deeom • 
poses if the washing be long continued. 

In the absence of other acids, E. Pechard found tliat sulphurous acid does not 
reduce molybdates, but forms a senes of complex sai^s. Thus, if sulphur dioxide 
be passed into a couc. soln of ordinaiy ammoniiini molybdate until the licjuid 
smells strongly of the gas, colourless, nucrosc<»pic (louhlv-retracriug octahedra of 

ammonium decamolybdatotrisulpMte, aro forimd. 

It begins to decompose at ordinary tern])., and when ^heated to^ MO^ gives oh 
sulphur dioxide, ammonia, and water. Thti x^alt is sparingly s<dublo in water. 
A. RosenlLeim held that the formula of the eompound ])re])arc'd in this manner 
is that of ammonium octomolyMatodisulphite, 3 (NH 4).^0 8Mo03.2fl()2.5H20. 
A. RosenlKMiu obtained white needles of ammonium pentamolybdatodisulpMte, 
2(NH2)2O.5i\Io03.2S02.i2H20, by supersaturating with sulpliur dioxide a cold 
soln. of sodium para molybdate mixed witli anummium eliloride. E pK'haxd 
obtained plates of sodium decamolybdatotrisulphite, lXa2^^bl(aioO;.d802.12ILO. 
hy evaporating in vacuo a soln. of sodium molybdate, sal. with suiphur dioxicA : 
the ova])oration of the mother-liquor gives octahedral crystals of the IifXd- 
dpGahjdmtL\ A. Poscadieiui obtaiiieel sodium pentamolybdatodisulpliite* 
2Na20.r)Mo03.2S()2.8H20 ; but lie did not succeed m making lithium penta- 
molybdatodisulpllite. E. Pechard obtained by the method just indicated, 
amber coloured, prismatic crystals of potassium decamolybdatotrisulphite, 
4K.2O.IOM0O3.3SO2.IUH2O : and if potassium bromide be added to a miIu. of 
ammonium molybdate, sat. with sulphur dioxide, yellow needles of ammonium 
potassium decamolybdatotrisulphite, IK(NPl4)0.luMr)02.3S02.9H20, are formed. 
A. Rosenheim regarcl(‘d flu* ])otassiiun salt just indicated as potassium penta- 
molybdatodisulphite, 2iv2O.5MoO3.2SO2.HoO : and he also made rubidium penta- 
molybdatodisulphite, 2Rb2O.55iuO3.2sb2.lH2O ; and caesium pentamolybdato- 
disulphite, 2Cs2O.55ioO3.2SO2.6H2O. E. Pochard tritMi to make a barium deca- 
molybdatotrisulphite by adding hariiiin chloride to one of th<‘ alkali salts, but 
found that sulphur dioxide was given oh*, and the pro<luct obtained was a mixture 
of varia])le proportions of barium niolybdatosulphite and molybdate ; but A. Rosen- 
heim made barium pentamolybdatodisulphite, 2Ba0.r)5Io03.2S02.PdLO ; and 
strontium pentamolybdatodisulphite, 2Sr0.55Io03.2S02.12H20. 0 . Caiineri and 
L.Fernand(‘s ol^taiiuMl minute prisms of rare-earth molybdatosiilphites by saturating 
a cone, soln. of ammonium ])aramolyhdatc with sulphur dioxide, and adding a rare- 
earth acetate. The conijiosition of the crystals varied on fractional crystallization, 
the rare-earth contemt thus became smalhw and smaller. It w'as not possible 
to assign rational fonnuhe lo the prod net .s, and it was suggested that this is due to 
the partial miscibility in the solid state of ammonium niolybdatosulphite with the 
corresponding rare-earth compounds. 

C. F. Rammelsberg prepared uranous oxysulphite, UO,S03.2H20, or 
U{OH)2S03.H20, by the action of sodium sulphite on an aq, soln. of uranium 
tetrachloride, som(^. sulj)hur dioxide is evolved, and the greyish-green preeixutate 
is dried over sulphuric acid ; 0 . Brnnck obtained tins basic salt by boiling the soin, 
of the normal salt — presumably uranium disulphite, U(803)2— obtained by adding 
an exce.s.s of sodium hydrosulphit<) to a soln. (d a uraiiyl salt. The leddisli-browm 
precipitate passes into soln'. The basic salt loses winter and sulphur dioxide w^heji 
heated azid forms the tritoctoxide. It is in.sohible in water, and easily soluble in 
sulplmrous acid, ITanyl hydroxide itself, said A. Girard, is not soluble in liquid 
sulphur dioxide. A. Keniele. J. S. Miispratt, and U. Berthier obtained a yellow 
precipitate by boiling a soln. of ammonium uranyl curbunate in sulphurous 
acid, or a uranyl salt with a soln. of ammonium sulphite, and obtained what 
J. S. 5 Iuspratt regarded as normal uranyl sulphite, but what A. Girard con- 
sidered to foe uranyl oxysulphite, and L. Scheller. ammonium uranyl oxysulpliite. 
[L Beubert aud 51 . Elten obtained orange uranyl hexahydroxypentasulphite, 
3 U 02 (OH) 2 - 5 (U 02 )BO^doH 20 , ])y mixing hot i»f uranyl nitnite and sncUiui) 
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sulphite ; and washing the precipitate with alcohol, since water makes it gelatinous, 
V. Kohlscliiitter prepared anhydrous nranyl sulphites (1102)803, by lieating the 
hydrate at 105°. Its constitutional formula is represented by 

UOo.SO3.UO 

SO3 SO3 

U02.S03,U02 

J S, Mus])ratt, and A. G-irard prepared the ielrahydratc, (1100)803. 4H2O, or 
U02(OH)(HS03), by passing sulphur dioxide into water v/ith E. J. Malagutis 
uranium hydroxide in suspension, and evaporating the yellow soln. spontaneously. 
A. Rohrig obtained it hy treating iH^anyl acetate with sulphurous acid ; V. Kohl- 
schiitter, by passing sulphur dioxide into a soln. of uranyl acetate ; K. Seubert 
and M. Elten, by mixing cold, normal soln. of nranyl nitrate and sodium suljiliite, 
and passing sulphur dioxide into the filtrate, and adding an equal voL of alcohol 
for precipitation ; and H. Lienau, hy boiling L. Scheller's ammonium salt — vide 
infra. The salt is variously described as forming yellow prisms, or needles. It is 
stable at ordinary temp., and when dried on a -water-bath was found by V. Kohl- 
sehiitter to form a golden-yellow mass of prismatic crystals of the IrifitJienahydrate, 
(U02)S03.2|H20. a. G-irard said that the sulphite forms uranyl oxide at a low 
temp. ; and at a higher temp, the tritoctoxide is formed. The salt is insoluble 
in water ; soluble in aq or alcoholic sulphurous acid, and is x^iecipitated from this 
soln. by boiling, or by alkali sulphites. A. Eohrig said that uranyl hydrosulphite 
docs not {^xist : Y, Kohlschiitter said that an acid salt may exist in soln. 

V. Kohlschiitter reported ammonium tetraurauyl pentasulphite, 
(NH^ol 003)4(803)5, to formed by treating a soln. of uranyl iiitrat(> with an 
acid soln. of ammonium hydrosulphite, and stirring the washed precipitate witli 
sulphurous acid on a water-bath until a drop of the soln. deposits tabular 
(Tvstals. V. Zohlschutter also prepared sodium tetrauranyl pentasulphitej 
Na2(U 02)4(803)5.^1120 ; and potassium tetrauranyl pentasulphite, K2(U^2)4(S03)5 *» 
ammonium triuranyl disulphite, (NH4)20.3U03.2S02, by warming the filtrate con- 
taining iniicli sulphur dioxide, obtained in preparing the preceding salt, until the 
sulphur dioxide is almost all expelled. It is also made by mixing a 10 per cent, 
soln. of uranyl nitrate and ammonium hydrosulphite so that the molar ratio 
ITO2 : (NH4)HS03 is 1 : 4 to 6 ; on warming the mixture on the water-bath, as 
sulphur dioxide escapes the salt gradually separates in tabular crystals. Y. Kohl- 
schiitter also prepared sodium triuranyl disulphite, Na2O.3UO3.2SO2 ; and potas- 
sium triuranyl disulphite, K20,3U03.2S02 ; and he made ammonium diuranyl 
trisulphite, (NH4)2(U02)2(S03)3, by the method employed by L. Schellex for the 
liydroxysulphite ; by mixing a sulphurous acid soln. of uranyl sulphite, warmed on 
a water-bath, wnth ammonium hydrosulphite ; by treating ammonium hydrosulphite 
with a soln. of uranyl nitrate ; and by passing sulphur dioxide into a soln. of 
ammonium uranyl disulphite. V: Kohlschiitter made sodium diuranyl trisulphite, 
Na2(UO2)2(S03)3, and potassium diuranyl disulphite, K2( 002)2(803)2, in a similar 
way. The constitution is supposed to be K8O3.UO2.O.SO.O.UO2.KSO3, He 
also prepared ammonium uranyl disulphite, (NH4)2(U02)(S03)2, by passing a 
current of sulphur dioxide into a soln, of uranyl nitrate and an excess of 
ammonia, and allowing the feeble acidic soln. to stand for a day — if the sulphur 
dioxide be passed for too long a time, the diuranyl trisulphate is formed. It is 
also prepared by mixing an excess fd ammonium hydrosulphite with a soln. of 
uranyl nitrate, and allowing the mixture to stand for some time when the voluminous 
precipitate forms a mass of yellow crystalline plates. F. L. Hahn and co-workers 
prepared the ammonium uranyl sulphite by the method used for the corresponding 
copper complex. Y. Kohlschiitter also made sodium uranyl disulphite, 
Na2(U02)(S03)2 ; and potassium T]p?anyl disulphite, K2(IJ02)(S03)2, in an 
analogous way. L. Scheller reported anomomuin uranyl hydroxysulphite, 
(NH4)(OH)(U02)SO3.“/^Jl20; a yellow powder by mixing soln. of uranyl sulphite 
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Mid aimiioniiuu^ kydrosiilpMte. H. Lieaau could not obtain it in this way. 
L. Schellor said i:bat tbe salt is not soluble in "water, but is more soluble tban t-lie 
])otassiuiii <■)!' aniinonium salts in sulphurous acid. The corresponding sCMiiniii 
uranyl hydroxysuIpMtej Na;(0H)(U02)(S03)5 and potassium uranyl bydroxysiil- 
phite, K(0H)(U02)(S03), were also prepared by L. Scheller. H. Lienaii obtained 
tlie uranyl sulphite of A. Girand by this process ; and Y. Kolilschiitter, the potas- 
sium dhiranyl trisiilphite. 

Tli(‘ rare-earth metals of the cerium group, by virtue of their high basicity, 
eoinhine witli complex acid radicals to form compounds analogous to those of the 
alkali and alkaline-earth metals. In these compounds the individualitv of the 
eomplex is not destroyed by the physical and chemical characteristics of the rare 
(*arths. G. Canneri and L. Fernandes obtained uranyl sulphites of the general 
fonmila ^2(1100)5(803)3 ISHoO by crystallizing in vacuo at the ordinary temp, 
a soln., saturated with sulphur dioxide, containing the rare-earth hydroxide and 
uranyl sulphate. The products obtained "were microcrystalline and of constant 
composition. They suggested the constitution 

SO3 : R.SOs.UOo.SOs.GOo.SOa.UOo.SOa.UOa.SOs.UOg.SOaR : SO3. 

ThcfollowingsaltsweresopreparedjCerium uranyl sulphite, Ce2(U02)5(S03)8.15H20; 

lanthanum uranyl sulphite, La2(IJ02)5(803)8.15H20 ; prase^ymimn uranyl s^- 
phite, Pr2(IJ02)5(S03)8.15H20 ; and neodymium uranyl sulphite, Mo(U0o)5(S03)8* 
ISHoO. 
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§ 24. Sulphites of the Manganese and Iron Families 

J. Meyer 1 treated manganese dioxide in a similar manner, in boiling water, 
and obtained a mixture of manganese dithionate, sulphate, and sulphite : 
2 Mn 0 ii+ 3 H 2 S 03 =Mn 2 (S 0 s) 3 + 3 H 20 -f 0 ; Mn2(S03)3=MnS03+MnS.206 ; and 

MnS 03+0 =MnS 04 . The manganic sulphite, ]!i'Ina{S 03 ) 3 , first formed is not stable 
and is rapidly decomposed, forming normal manganese sulphite, MnSOg. and the 
dithionate. J. F. John passed an excess of sulphur dioxide into water with manga- 
nese carbonate in suspension and obtained a soln. of manganese sulphite, MnSO^, 
T. Berthier boiled the liquid during the passage of the gas and obtained a pre- 
cipitate of the hemipentaJiydmte, MnSO 0 . 2 JH 2 O. J. S- Muspratt allowed tin* 
liquid sat. with sulphur dioxide to stand for some time to permit the hemipenta'- 
hydrate to deposit. C. F, Rammelsberg obtained the same hydrate by the action 
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of niMiganese acetate on sodium sulphite ; and A. Rdhriir, hy treating; an acidic 
soln. 'With alcohol, or evaporatinp; the liquid. No (n’ldeiu-e t)f the formation of 
manganese liydrosulphite, Mn(HSCy 2 , was observed, although G. Jteniges obtained 
a compleis salt 'wiili aniline, Mn(HSQ3)2-2C(5H5]SrH2 ; and manganese Miil])iiito can 
also be prepared by the action of sulphur dioxide on water with manganese sulphide 
in suspension. AV. E. Henderson and H- B. Weiser o])served that tlio nuinganeso 
sulphite first precipitated passes into soln as liydrosulfihite as the current of gas 
IS continued— infra, ferrous sulphite* The white, crystalline powder of the 
hemipentahydrate, according to J. S. Aluspratt, appears at hivst to be tasteless, but 
afterwards, it develops an offensive, metallic taste. Analyses "vvere made by 
J F. John, C. F. Rammelsberg, and A. Rohrig. J. IS. Aluspratt obtained 
MnSOa^HoO ; and A Gorgeu considered the hemipeutuhydrate to lie a mixture of 
the inono-'^and tri-hydrates. J. F. John reported that the salt is permanent in 
air, and is in.soluble in water ~F. Heeren and P. Bexthier said sparingly soluble— 
and insoluble in alcohol, J. B. Huspratt said that it is insoluble in ether; and 
P. Berthier, freely soluble in suliiliurous acid, and other acids. A^. Naumanii found 
it to be insoluble in acetone. J. F. John reported that the salt is decomposed by 
heat ; J, S. Aluspratt, that at 100^ it loses wmter without further decomposition ; 
and with stronger heating in air gives ofi sulphur dioxide and forms manganese 
trioxide. C. I. Pammelsberg observed that in a retort, water and sulplmr dioxide 
axe given off, and a greenish-brown residue of manganese sulphide, trioxide, and 
sulphate is formed. According to A. Gorgeu, if in preparing the trihydrate, the soln. 
axe worked at 100°, the monohjimte, MnSOg.HoO, is formed ; and G. Denig^ 
obtained the same hydrate by boiling manganese aniline hydrosiil}’)hite in water. 
The rhombic prisms of the monohydrate lose their water at 150^. The salt is not 
stable in the mother-liquid; and in water — and especially in the i^resence of 
sulphurous acid — it forms the trihydrate, MnS03.3H20, in a few minutes. 
K. Seubert and M. Elten obtained the trihydrate by mixing soln. of manganese 
sulphate and sodium siilpihite at ordinary temp. G. Deniges said that it is best to 
work with a soln. containing acetic acid, whicli, when allowed to stand for 24 hrs., 
ydelds crystals of the trihyclrate. A. Wachter obtained the trihydrate by the method 
indicated for preparing the hemipentahydrate. According to A. Gorgeu, the tri- 
hydrate can be obtained in monoclinic crystals by the evaporation at ordinary temp, 
of a soln. of manganese sulphite in a cone. aq. soln. of sulphurous acid, or of a soln. 
obtained by adding an alkaline sulphite to a large excess of a soln, of a manganese 
salt until a permanent precipitate just begins to form. This salt has a pale rose 
colour ; it dissolves in 10,000 parts of cold or 5000 parts of hot water ; is rather more 
soluble in cone. soln. of manganous salts ; and dissolves somewhat easily in a cone, 
aq. soh. of sulphurous acid. It oxidizes slowly in dry air, more quickly in ordinary 
air, and rapidly in moist air ox in contact with aerated water, especially if finely 
powdered. In presence of water, chlorine, bromine, and iodine convert it into 
sulphate. The trihydrate begins to lose water at 70°, and oxidizes somewhat 
rapidly. When calcined at a bright red-heat, it leaves a residue of trimanganese 
tetioxide. The mono- and tri-hydrates when heated out of contact with air give 
o3 sulphur dioxide and leave a residue of manganese monoxide, • sulphate, and 
sulphide. Heated gradually to redness in a current of hydrogen, manganese sul- 
phite leaves a residue of 87 parts manganese monoxide and 13 parts manganese 
sulphide. F. Ray and B. K. Goswami obtained manganous hydrazinodihFdro- 
sniIpMte5 Mn(HS03)2.N'2ll4, by the action of a soln. of manganese sulphite in an 
excess of sulphurous acid, on a dil. soln. of hydrazine hydrate ; the white, crystal 
line precipitate is washed with alcohol, and then with ether, and dried over sul- 
phuric acid in vacuo. If a cone. soln. of hydrazine hydrate is used, the white 
precipitate first formed changes into manganous hydroxide, which quickly 
oxidizes in air. ^ 

K. Seubert and M. Elten prepared rose-coloured, octohydrated manganese tetra- 
liydroxypentasulphite, 2Mn(0H)2.5MnS03,8H20, by heating a mixture of N-soln. 
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of manganese and sodium sulphites, and washing the product with hot water : and 
by using O-liV-soln., he obtained the lienahfdtate, 2Mn(OH).7.5MnS03.11H >(>. 
A. Gorgeu prepared manganese dihydroxydisulphite, 2 MnS 033 In( 0 H) 2 . 2 H 20 ,\v 
slowly mixing a large excess of a 3-5 per cent. soln. of sodium or potassium sulphite 
with a boiling 20-25 per cent. soln. of manganese sulphate. The wliite precipitate 
forms a rose-coloured, crystalline powder consisting of rhomhic prisms which are 
decomposed by a prolonged washing. The salt loses no water at 200°, but is 
decomposed at a higher temp. 

H. Berglund made ammonium manganous sulphite, (KE4)2S03.MnS03, as a 
crystalline powder, by mixing soln. of the component salts ; and A. Gorgeu, from a 
soln. of manganese sulphite in a 15-20 per cent. soln. of ammonium sulphite sat. 
with sulphur dioxide, by evaporating the liquid on a water-bath or over a medium 
which will absorb sulphur dioxide. The rectangular prisms mixed with six-sided 
prisms are more stable towards oxygen than the potassimn or sodium salt, and arc 
less readily aSected by water. When heated out of contact with air, ammonia is 
first evolved, then ammonium hydrosulphite, and finally sulphur dioxide, and a 
mixture of manganese oxide and sulphide remains. F. L. Hahn and co-workers 
prepared the anomonium manganese sulphite by the method used for the ammoniuiii 
copper complex salt. A. Gorgeu prepared sodium manganous sulphite, 
Na2S03.MnS03,H20, iu monoclinic prisms, from a soln. of sodium sulphite and 
hydrosulphite, saturated in the cold, and then heated to 80° and mixed with a 
20 per cent. soln. of MnCl2. The crystals are dried on a porous tile. The crystals 
are rapidly decomposed into the component salts by hot or cold water, and at 150° 
lose their water of crystallization, the soln. of sodium sulphite used be mixed 
with half its vol. of water, sodium manganous pentasulphite, Na2S03.4hInS03, is 
formed. It is only slightly attacked by water, F. L. Hahn and co-workers pre- 
pared the sodium and potassium complex salts by the method used for the complex 
copper salts. A. Gorgeu prepared potassium manganous sulphite, K2S03.MnS03, 
by the method employed for the corresponding ammonium salt, but if the evapora- 
tion he conducted on a water-hath, needle-like crystals of potassium manganous 
trisulphite, K2S03.2MnS03j axe formed. G. Canneri prepared thallous manganous 
sulphite, Tl2Mn(S03)2, as a white, microcrystalline powder. 

When iron is dissolved in sulphurous acid out of contact with air, C. L. Her- 
thoUet, M. J. Fordos and A. G41is, and A. Yogel showed that crystals of ferrous 
sulphite, FeS03.3H20(or 2IH2O), are deposited — either immediately, or on evapora- 
tion out of contact with air — ^before the crystals of thiosulphate appear ; 
2Fe+3H2S03=FeS03-f FeS203-f3H20. A little sulphur, and iron sulphide are 
formed at the same time. Ho hydrogen is given off, for it is apparently consumed 
in reducing the sulphite to thiosulphate: C. J. Koene separated the two salts 
by washing the crystals with alcohol — ^the thiosulphate dissolves, the sulphite is 
insoluble. K. Seubert and M. Elten observed that ferrous sulphite is formed by 
the interaction of soln. of a ferrous salt and sodium sulphite, and when ferrous 
hydroxide is dissolved in sulphurous acid out of contact with air. A red soln. 
shows that some oxidation has occurred — possibly by dissolved oxygen — but the 
colour soon disappears, and crystals of the salt "are obtained by evaporating the 
liquid. According to W. E, Henderson and H. B. Weiser, when sulphur dioxide is 
passed into ice-cold water in which ferrous sulphide is suspended, out of contact 
with air, ferrous sulphite is deposited as a crystalline powder, in accord with a 
suggestion by A. Guerout : FeS-hH2S03=EeS03+H2S ; if the current of gas be 
continued, the crystals dissolve, and a sobt. of ferrous hydrosulphite, Ee(HS03)2, 
is formed. If the soln. be warmed, crystals of the normal sulphite are again 
deposited. C. F. Rammelsberg said that a stream of sulphur dioxide passed into 
water with manganese sulphide in suspension forms tMosuIphate and sulphur. 
W, E. Henderson and H. B. Weiser showed that these products are due to 
a secondary reaction ; for the soln. still contains the metal when all the sulphite 
has been precipitated by boiling, and when treated with acids, it gives the reaction 
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for tliiosulpliates — ^liberation of milk of sulphur. In the primary I’oaclioii, most 
of the hydrogen sulphide escapes, but part reacts with sulphur dioxide, forming a 
Tery active form of sulphur which unites with the hydrosiilpliite in soin. to form a 
thiosulphite, as in H. Debus’ reaction : Ee(HS03)5>~[-S~EeS203-l-If20-h^02. When 
ferrous sulphite is heated, M. J. Fordos and A. G-elis, and P. Berthier observed that 
sulphur dioxide and water are evolved, and a black residue is formed. The moist 
crystals oxidize in air, and the aq. soln. acquires a deep red colour by oxidation. 
Alkalies precipitate ferrous hydroxide from an aq. soln. of ferrous sulphite. The 
salt dissolves sparingly in water, and fi*eely in sulphurous acid ; J. S. Mus|)ratt said 
that the salt is insoluble in alcohol. H. Berglund prepared ammonium ferrous 
sulphite, (]Sril4)2S03.FeS03,%H20, from a soln. of the component salts. F. L. Hahn 
and co-workers prepared the ammonium salt by the method used for the ammonium 
copper sulphite. Gr. Canneri prepared thailous ferrous sulphite, Tl2Fe(803)2, as a 
brick-red, microcrystalline powder . 

According to P. Berthier, freshly precipitated ferric hydroxide readily dissolves 
in sulphurous acid, and the soln. which is red at first soon decolorizes owing to the 
formation of ferrous sulphate. H. C. H. Carpenter said that the purified and well- 
washed ferric hydroxide dissolves very slowly, forming a yellow soln. P. Berthier 
also found that the dried hydroxide dissolves slowly in cold sulphurous acid, hut 
the lot acid dissolves it quickly, forming ferrous sulphate — A. Gelis said ferrous 
dithionate and sulphite : Fe2(S03)3=FeS03-f'FeS206 ; and H. J, Buignet 

represented tie reaction : Fe2(S03)3=FeS04~(-FeS03-l-S02 Hence ferric sulphite, 
Fe2{S03)3, has not been isolated, and it is known only as an unstable, red soln. 
which can be prepared as just indicated, or by the action of sodium sulphite 
on a soln. of ferric chloride. By working with well-cooled liquids, a neutral soln. 
can be obtained containing neither a ferrous salt nor sulphurous acid. According 
to C. J. Foene, A. Gelis, and J. S. Muspratt, ferric octoxysulpMte, 
2Fe203.Fe202(S03).7H20, is formed, as an ocreous powder, when the red soln. of 
ferric sulphite is evaporated ; if the soln. of ferric hydroxide in ice-cold sulphurous 
acid he filtered into 90 per cent, alcohol, and washed with water, the trioxytrisulphite 
passes into ferric dioxysulphdte, Fe202(S03).6H20 ; and if the red soln. be treated 
with alcohol, yellowish-brown ferric trioxytrisulphite, Fe203.Fe2(S03)8.3H20, is 
formed. E. Seubert and M. Elten also prepared this basic salt ; and they obtained 
ferric heptohydroxysulpliite, Fe(0H)(S03).2Fe(0H)3, or 2Fe2(S03)3.7Fe2(0H)6, as 
a brownish-yellow, amorphous precipitate by keeping in a warm place a mixture 
of iV- or O'lA^-soln. of ferric chloride and sodium sulphite. 

J- S. Muspratt reported potassium ferric dioxytrisulpMte, Fe202(S03).2K2S03. 
5H2O, to he formed as a yehow, crystalline precipitate by adding potash-lye to the 
red soln. of ferric sulphite ; and C. J. Koene, potassium ferric dioxydihydrotri- 
sulphite* Te202(SO3),2KHS03.H2O, as a yellow precipitate. The chemical 
individuality of these basic salts cannot be regarded as established. H. Berglund 
prepared potassium ferrosic sulphite, 2K2S04.FeS03.{Fe0)2S03, as a precipitate; 
and A. Stromeyer obtained sodium cuprous ferrosic sulphite, Na2O.Cu2O.2FeO. 
Fe203.6S03.16H20, in a similar manner ; the salt was said to be soluble in cold dih 
sulphuric and hydrochloric acids with a residue of cuprous chloride ; 100 parts of 
water di^olve about 0*1 part of the salt. 

K. A, Hofmann prepared a series of six ferrisulphatosulphites ; thus, potassium 
fexrisidplmtosulpliite, ElPe(S04)S03, or ESO^.Fe : SO3, was obtained by treating 
finely powdered iron ammonium alum with potassium hydrosulphite ; it crystallizes 
In slender, doubly-refracting needles. It is but sparingly soluble in cold water, and 
the soln. contains ferric salt only. When heated for some time with water at 80^-90°, 
ferrous sulphate and potassium sulphate axe dissolved, and a yellow residue is 
obtained which is soluble with difficulty iu dil. acids with evolution of sulphurous 
anhydride. It dissolves readily in cold, dil. hydrochloric acid, and the bright 
yellow soln. gives a blue precipitate with potassium ferrocyanide, and only after 
boiling, a blue one with potassium ferricyanide. The corresponding ammonium 
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ferrisuIpLatosuIphite, (HH4)Fe(S04)S03, was obtained by treating ammoninni 
alum witK ammonium or sodium bydrosulpMte ; it crystallizes in slender, yellow 
needles, is only very sliglitly soluble in cold and hot water, and by prolonged boiling 
mth water is converted into a red powder, with evolntion. of sulphur dioxide. It 
is easily soluble in cold, dil. hydrochloric acid with evolution of sulphur dioxide. 
When treated with ammonia or dil. alkali-lye, it is decomposed yith formation 
of a brown, flocculent precipitate. Likewise, potassium femsulphatodisuipllite, 
K3Fe(S03)2.S04, or KS04.Fe(KS03)2, was prepared by digesting the heptanitroso- 
sulphonate for about a month with sodium hydrosulphite at 4°. It crystallizes in 
beautiful, lustrous, dark yellow leaflets, is ahnost insoluble in cold water, and behaves 
like the sulphatotetrasulphite when boiled with water or dil. acid ; and sodium ferri- 
sulphatodisulphite, Na3Fe(S03)2S04.6H20, by digesting sodium iron heptanitroso- 
sulphonate with sodium hydrosulphite for some days. It crystallizes in lustrous, 
flat, yellow prisms, and is very similar to the corresponding potassium salt. Further, 
potassium diferrisulphatotetrasulphite, K4Fe2(S04)(S03)4.5H20, or (KS03)2 : Fe. 
SOsFe : (KS03).5H20, is obtained by treating potassiimi iron heptanitrosulphonate, 
KS3Fe4(NO)7, dissolved in alcohol with a soln. of sodium hydiosulphite, and allowing 
the mixture to remain at the ordinary temp, for about 14 days. It forms a 3"ellow, 
lustrous mass of microscopic needles, is insoluble in cold water, and when boiled with 
water is decomposed into ferric hydroxide and a soluble ferrous salt. It dissolves 
immediately in 20 per cent, hydrochloric acid, and the soln. gives a blue precipitate 
with potassium ferrocyanide, and only a brown coloration with potassium ferri- 
cyanide, whence it is concluded that the compound is a ferric salt. On boiling the 
hydrochloric acid soln., partial reduction of the ferric salt takes place. The corre- 
sponding sodium diferridihydrosulphatotetrasulphite, Na2H2F€2(S04)(S03)4.2H20, 
was obtained by dissolving freshly prepared ferric hydroxide in a cone. soln. of 
sodium hydiosulphite and sulphurous acid. On evaporating the soln. over sulphuric 
acid, a red, amorphous substance separates at first ; but after this has been removed, 
a crystalline mixture of the salt together with the sulphatodisulphite is obtained. 
It can be separated by treating the mixed crystals with a soln. of sodium hydro- 
sulphite, and crystallizes in bright olive-green needles. 

J. S. Muspratt 2 found that cobalt carbonate dissolves readily in sulphurous 
acid, and when the soln. is treated with alcohol, a brownish-red flocculent precipi- 
tate of cobaltous sulphite— probably CoSOs-HgO—is formed. According to 
A. Rohrig, it is probably CoS03,5H20. J. S. Muspratt, and A. Rohrig passed 
sulphur dioxide into water with cobalt hydroxide in suspension, in the absence of 
air, and boiled the liquid. The resulting red crystals were those of the pentahjdrate, 
CoS 03,5H20. If the soln. be evaporated in a current of hydrogen, C. F. Rammels- 
berg, and A, Rohrig found that red crystals of the trihydrate, C0SO3.3H2O, were 
formed. C. F. Raramelsberg said that much sulphur dioxide is given ofl during 
the evaporation. J. Mai and M. Silberherg found that an orange-coloured salt is 
produced when cobaltous sulphite is treated with potassium cyanide. C. F. Ram- 
melsberg, A . Rohrig, and F. Berthier found that when a neutral soln. of a cobalt 
salt and potassium sulphite is boiled, part of the cobalt is precipitated as a basic 
salt which becomes more basic when it is washed with water. K. Seubert and 
M. Elten saturated a soln. of 23*7 grms. of cobalt chloride, and 12*58 grms. of sodium 
sulphite with sulphur dioxide ; the precipitate first formed dissolved and when the 
liquid was warmed, a rose-coloured precipitate was produced- Cobalt iihydroxy- 
peutasulpMte, Co(0H)2.5GoSO3.10H2O, which, in an atm. of hydrogen, could be 
washed with water and alcohol without change. If the soln. in an atm. of hydrogen 
in a sealed tube be heated on a water-bath, rose-coloured cobalt dibydroxydeca- 
sulpbite, Co(OH) 2.10 CoSO 3.5H2O, is formed. 

H,Berglund prepared ammonium cobaltous disulpMtc, (NH4)2S03.CoS03.'?iH20, 
from a soln. of cobaltous sulphate saturated with ammonium sulphite. The rose- 
red precipitate is readily oxidized in air. He also obtained yellow ammonium 
cobaltous toulpMte, (NH4)2S(>3.2CoS03.11H20. F. L. Hahn and co-workers 
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prepared tlic ammonium cobalt salt by the method they used for the ammonium 
copper salt ; and similarly also with the sodium and potassium salts. W . Schultzc 
prepared pale red potassium cobaltous disuljphite, K2SO3.C0SO3.H2O, by heating 
a mixed soln. of cobaltous sulphate or chloride and a neutral soln. of potassium 
sulphite ; or Iby boiling cobaltous hydroxide with an acidic soln.^ of potassium 
sulphite. The compound readily oxidizes in air. He prepared sodium cobaltous 
disiilpliite, Na2S03.CoS03.?iH20, in a similar manner. G. J antsch and K. Abresch 
prepared lithium cobaltous trisulphite, Li3[Co(S03)3].4H20, by treating a soln. 
containing lithium nitrite and cobalt nitrate with acetic acid, and adding the 
resulting soln. to a boding soln. of lithium sulphite. The complex salt crystallizes 
out readily if the soln, is kept at 80 ° to 90 ° for a short time. On exposure of the 
soln. to air, cobaltic hydroxide gradually precipitates. The insoluble potassium 
cobaltous trisulphite, X3[Co(S03)3].6H20, may be obtained by direct precipitation. 
A scjn. of the lithium salt yields no precipitate when treated with cold ammonia 
soln., whereas with sodium hydroxide soln. all the cobalt is precipitated as hydroxide. 
The soln. has a very low conductmty and exhibits the Tyndall effect ; after ultra- 
filtration the conductivity remains very small, and the Brownian movement is 
observable. The true solubility of the complex salt thus appears to be very small. 
Transport observations indicate the presence in the soln. of the 00(803)3"' ion. 
G. Canneri prepared thallous cobaltous sulphite, Tl2Co(S03)2, as a pink, micro- 
crystalline powder. 

A. Geuther treated freshly prepared cohaltic hydroxide with a warm, cone., aq. 
soln. of ammonium sulphite. The liquid soon acquires a dark brown colour, and 
ammonia is given off as the hydroxide dissolves. The liquid presumably contains 
an unstable cobaltic sulphite, 002(803)3. A dark reddish-yellow powder soon 
separates from the sola. K. A. Hofmann and S. Reinsch prepared pentahydrated 
cobaltic diamminosulphite, Co2(S03)3.2NH3.5H20, by dissolving cobalt acetate in 
7 per cent. aq. am m onia ; exposing the soln. to air until it becomes deep violet ; 
saturating the liquid with sulphur dioxide ; and washing the brown amorphous 
precipitate with sulphurous acid. The salt is sparingly soluble in water, and when 
treated with sada-lye yields cobalt hydroxide ; when boiled with 7 per cent. aq. 
ammonia it is converted into yellow amorphous cobaltic pentaminiiiosiilphite, 
Co2(S03)3.51!SiH3.7H20 ; K. A. Hofmann and A. Jenny prepared cobaltic hexam- 
nuaosulpMte, Co2(803)3,6NH3.3ll2f^> by passing sulphur dioxide into a filtered 
ammoniacal soln. of cobalt acetate which had been exposed to air for 72 hrs. The 
dark brown rhombic prisms are sparingly soluble in water ; and give a deep violet 
colour with sulphuric acid. K. A. Hofmann and S. Reinsch obtained cobaltic 
eimeaniminosulphite, Co2(S03)3.9NH3.3H20, by passing sulphur dioxide through 
an ammoniacal soln. of cobalt acetate which has been exposed to air for 2 or 3 days. 
The brownish-yellow, biiefringent needles are soluble in water. P. Ray and 
B. K. Goswami obtained cobalt pentitaemeahydrazmosiilphite, 5CoS03,9N2ir4. 
6H2O, by dropping a soln. of cobalt hydrosulphite into a dil solh. of hydrazine 
hydrate, washing the voluminous, white precipitate with alcohol, and drymg it in 
vacuo over sulphuric acid. The crystalline salt is .neutral towards litmus ; it is 
soluble in cold water, and decomposed by boiling water. By mixing an excess of a 
cone. soln. of hydrazine hydrate with a soln. of cobalt hydrosulphite, a voluminous, 
flesh-coloured precipitate of cobalt dihydrajsinosulphite, CoS03,2N2H4.H20> 
formed. The water is not all expelled at 110 °, and the salt decomposes at 125 ° ; 
it reacts alkaline towards litmus, and is decomposed by boiling water. If the pentita- 
enneahydrazinosulplite is suspended in water and treated with sulphur dioxide, and 
yellow soln. slowly evaporated on a water-bath, crystals of cobalt hemiliydraj^o- 
sulplutes 2C0SO3.N2H4-3K2G, are formed. These can he washed with alcohol, 
and dried over sulphuric acid in vacuo. The water is not all expelled at 110° ; the 
salt is neutral toward litmus ; and the salt is not decomposed by boiling water. If 
the dihydrazdnosulpMte is suspended in water and treated with sulphur dioxide, 
and alcohol is added to the filtered soln., reddish crystals of cobalt dibydrazmo- 
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liydrosulphitc, Co(HSU3)2.2N2H4.2H203 axe forniedj Tiie salt is very soluble in 
water, forming a pale red soln. ; it is not completely dehydrated at 120 ° ; it is not 
decomposed by dissolution in boiling water ; and it dissolves in dil. aq. ammonia, 
forming a soln. winch is not decomposed by boiling. If cobalt dibydrazinosiilpliite 
be suspended in water, and treated with sulphur dioxide, and alcohol be added to 
the filtered liquid, a red precipitate of cobalt hydrazinohydrosiilphite, 
Cb(HS03)2.N2H4.|H20, is formed. The salt reacts acidic towards litmus ; it is 
not decomposed by boiling with water ; it is slightly soluble in sulphurous acid, and 
in dil. aq. ammonia. The yellow, ammoniacal soln. is not decomposed when 
boiled. 

A. Geuther, and W. Schultze prepared impure potassium eobaltic suipMtes 
1^2806.002(303)3, or 1000(803)2, by the action of a warm soln. of potassium sulphite 
(yn eobaltic hydroxide. The pale brown product is sparingly soluble in water, and 
freely soluble in sulphurous or hydrochloric acid. The salt blackens in air, and 
cannot be dried without decomposition. It is also changed by washing with 
water. The corresponding sodium eobaltic sulphite, bra2Co2(S03)2, was obtained 
by W. Schultze in an analogous way. P. L. Hahn also*pr^pai^^d*"what he called 
sodium trisulphitocobaltate — presumably Na2[Co{S03)3]. H. Berglund reported 
a complex salt, (]S[H 4 ) 2 S 03 . 2 CoS 03 .Co 2 (S 03 ) 3 . 14 H 20 , to be formed in yellow 
crystals by saturating with sulphur dioxide an ammoniacal soln. of cobalt chloride 
or acetate oxidized by exposure to air. The compound can be regarded as cobaltous 
ammonium hexasulphitodicobaltate, the cohalt salt of hexasulphitodicobaltic acid, 
He[Co2(S03)6], or H3[Co(S03)s]. By treating the soln. of this compound in dil. 
nitric or hydrochloric acid, with alkali hydroxide, nitrate, acetate, etc. voluminous, 
insoluble precipitates were obtained representing ammonium cobaltous hexa- 
sulphitocobaltate, (NH4)4Co[0o2(SO3)e].8H2O ; potassium cobaltous hexasulphito- 
dicobaltate, K4 Co[Co 2(S03)6] ; silver hexasiilphitodicobaltate, Age[Co2{S03)e] : 
silver cobaltous hexasulphito^cobaltate, Ag4Co[Co2(S03)6] ; calcium hexasulphi- 
todicobaltate, 0a3[Co2(S03)6] ; barium hexasulphitodicobaltate, Ba3[Co2(S03)6] ; 
and bismuth hexasulphitodicobaltate, Bi2[Co2(S03)6]. 

G. Tortmann and G. Magdeburg prepared ammonium eobaltic tetramminodisuIpMte, 
NH4Co(NH 3)4(S03)2.2H20, in small yellow needles; cobaltosic octamminopentasulphite, 
Co2Co'''g(NH3)8(S03)g.24H20, as a yellow crystalline powder ; ammonium eobaltic tetram- 
minotrisulphite, Co(NH3)4(NH4S03)3.5H20, in yellowish-brown needles; barium eobaltic 
octamminohexasulphite, Ba3Co2(NH3)8(S03)6.7H20, in golden-yehow scales; ammonium 
barium eobaltic octamminohexasulphite, (]SfH4)2Ba2Co2(NH3)8(S03)6.7HaO, in golden- 
yellow scales ; and dodecahydroUed eobaltic tetramminotrisulphite, Co2(NH3)4(S03)s.l2H20, 
in orange crystals, also described by A. Werner and H. Griiger, and A. Werner and A. Klein. 
Similarly also with the octodecahydraie. G. Yortmann and G. Magdeburg also prepared 
eobaltic decamminotrisulphite, Co2(NH3)xo(S03)3.4H20, as a reddish-yellow crystalline 
powder; sodium eobaltic pentamminotrisulphite, Go(KH3)s(NaS03)3.H30, in light brown 
crystals; eobaltic pentamminotrisulphite, Coa(NH3)5(S03)3.4H20, as a browrdsh-yellow 
powder ; cobaltic tetramminochlorosulphite, Co(NH3)4(S03)Cl,2H20, in dark browm 
crystals ; eobaltic sulphitopentamminochloride, 00(^^3)5(803)01, as a brown crystaUine 
powder ; and cobaltic hexanuninochlorosulphite, Co(]SnB[3)8Cl(S03).3H20, in yellow needles. 

C. Kiinzel found that a cone. soln. of cobaltic chloropentamminochloride in dih 
ammonia, mixed with ammonium hydxosulphite until the liquor smells neither of 
ammonia nor sulphur dioxide, passes from a red to a dark yehow colour, and deposits 
yellow needles of cobaltie hexamminotiisiilphite, [Oo(NH3)6][Co(S03)s].H20. 
A. Geuther obtained it from cobaltic hydroxide and ammonium sulphite. It was 
also prepared by K. A. Hofmann and A. Jenny along with aquodisulphitotriammino- 
cobaltic acid. The salt is insoluble in cold water, and is slowly decomposed by 
boiling water ; aq. ammonia has no action in the cold, but when boiled a yellow 
soln. is slowly formed; and hot soda-lye gives a black precipitate of cobaltic 
hydroxide. If a very large proportion of ammonium sulphite is used in the 
preparation, the soln. slowly deposits brown octahedral crystals of cobaltic bts- 
bexamminoeimeasulpliite, [Co(NH3)e]2(S03)3.2Co2(S03)3.15H20, which acquire a 
yellow pulverulent film on exposure to air. It is very sparingly soluble in water. 
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C. Vurtmann and G. Magdeburg obtained yellow needles of cobaltic hexammino- 
chlorosulphite, [Co(NIi3)6]Cl(S63).3H20, by passing sulphur dioxide into a hot soln 
of the hexamminochloride in dil. ammonia, and allowing the licjuid to stand for 
12 hrs. It wsis also made by boiling one part of tlie liexaimninocdilorHle in n 
soln. of 3 parts of animonmni sulphite, and cooling the liquid. 

1C. A. Hofmann and S. Reinsch obtained cobaltic aquopentamminotrisulpMte, 
[0o(NH 3)5H2O]2(S03)3.H^0, in browmish-yellow^ moiiocliiiic plates, along with 
sparingly soluble ammonium aqnotetramminosulphite, by digesting cobaltic 
carbouatotetramnunochloricle, or cobaltic aquopentamniinoeliloridc, with an ammo- 
niacal soln. of ammonium sulphite, and precipitating with alcohol. The salt 
forms with fuming hydrochloric acid a brownish-yellow soln., then a r(‘d crystalline 
powder and violet soln. ; and with cone, sulphuric acid, a ruby-red soln. is 
formed. The same salt was made by G. Yortmanii and G. Magdeburg ; and it 
may be the same as A. Werner and H. GriigerA sulphitopientaiiiminosulphite. 
G. Vortmann and G. Magdeburg also reported sodium cobaltic aquopentammino- 
trisulphite, [Co(NH3)5H20](NaS03)3, to be formed by the action of sodium hydro- 
sulphite soln. on an anmioniacal soln. of cobaltic aquopentamminotrichloride, and 
precipitation with alcohol. It may be A. Werner and H. Griiger’s sulphitopentam- 
mine, G. Yortniann and G. Magdeburg added sulphurous acid to an amnioniacal 
soln. of cobalt and ammonium chloride which had been standing for a long time, and 
obtained a brownish-yellow precipitate of cobaltic aquopentamniinotrisulphite, 
[Co(NH3)5H2O]{Co(S 03)3}.4H20. C. Kiinzel obtained it bypassing sulphur dioxide 
through a dil., ammoniacal soln. of cobaltic chloropentamminochloride ; or of 
cobaltic hesamminotrisulphite, and A. Geuther, by dissolving cobaltic hydroxide 
in a cono., neutral soln. of ammonium sulphite. The brown salt is insoluble in 
cold water, is decomposed by hot water ; nitric acid yields nitrous fumes ; and 
ammonia gives the corresponding hexammine. E. Hesse also examined this salt. 
A. Werner and H. Grtiger prepared a series of cobaltic siilpMtopentammiaes, 
[Co(N‘H3)5S0g]X ; thus, cobaltic ^ulpMtopentammnosidpMte, [Co(lSFH3)5S03]2S03. 
2H20y was obtained by adding 10-12 grms. of sodium hydrosulphite to 500 c.c. of a 
soln. prepared by passing air for 7-8 hrs. through a mixture of 20 grms. of cobalt 
carbonate in dil hydrochlonc acid, 100 gims. of ammonium carbonate, 600 grms. of 
water, and 250 grms. cone, aq, ammonia. In 2 or 3 days, crystals of disulphito- 
tetrammine are deposited, and in another 3 days, brown tablets of the sulpMto- 
pentammine appear. E. H. Riesenfeld and W. Petrich also prepared this salt. By 
treating this sulphite with the theoretical quantity of cone, hydrochloric acid, and 
adding alcohol, cobaltic stdpMtopentanmiinochloride, [Co(NHg)5S03]Cl, is formed ; 
it is stable when dry, but unstable in aq. soln., if the sulphitopentamminosulphide 
be treated with cone, hydrochloric acid, and washed with absolute alcohol, cobaltic 
sxilpMtopentainminohydrodicliloride, [Co^NHgjsSOglCLHCl, is formed as a carmine- 
red, crystalline powder, which, in damp air, quickly passes into the chloride. In 
an analogous way, cobaltic sulphitopentamminobroinide, [Go(NH3)5S03]Br, is 
obtained in brownish-red crystals; and cobaltic sulphitopentaminiiionitrate, 
[Co(h[H 3 ) 5 S 02 ]NO 3 , in brown crystals. P. R, Ray prepared cobaltic sialphito- 
pentainininothiosulphate, [Co(NH3)5(S03)]2S20g, as indicated in connection with 
the thiosulphate ; and on adding alcohol to a soln. of this salt in 5 per cent, soda-lye, 
cobaltic hydroxykdpMtotetminiiiine, [Co(NH3)4(0H)(S0s)].2H20, was precipitated. 
K. A. Hofmann and S. Reinsch obtained the txihydrate — vide infra. By adding 
alcohol to the yellow soln. obtained by treating the chloride with sodium hydro- 
sulphite, yellow leaflets of sodium cobaltic sidplutopentajiuiunotiisiiiphite, 
[€o(HHs)5SD3]2SO3.2]Sra2S03.R2O, are formed. 

K. A. Hofmann and S. Reinsch prepared a series of agnofflilphitotety a^Tuine g^ 
[Go(HH 3)4H20(S03)]X ; thus, cobaltic aquosiHpMtotetiammmohydroxide, 
[Co(HHg)^a^(SOg)]OH.2H20, is formed when cobaltic aquopentamminosulphite 
or cobaltic aquoenneamminosiflphite is treated for two days with a soln. of ammo- 
Binm thiocyanate. Yellow tetragonal plates of cobaltic aQLUOSOlpMtotettaiiunino- 
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thiocyanate, [C!o(NH3)4H20(S03)]CyS.H20, have also been prepared, and when this 
compound is shaken with silver oxide and water, it is converted into cobaltic 
acLiiosiiiphitotetrammmohydroxide, [Co(NH3)4H20(S03)]0H.2H20, which is pre- 
cipitated by adding alcohol to the filtered liquid. The reddish-yellow, micro- 
crystalline mass is sparingly soluble in water. Hydrochloric acid converts it into the 
dichlorotetramininochloride ; and with sulphuric acid, it becomes rose-red. A soln. 
of potassium cyanide converts the hydroxide into the cobaltic aquosiilphito* 
tetraniminocyanide, [^o{hrH3)4H20(S03)]Cy.H20. When cobaltic aquoenneam- 
minosulphite is treated with a soln. of sodium nitrite and ammonium chloride, or 
acetic acid, it furnishes cobaltic nitritosulphitotetrammine, [€0(1)013)4X02(803)], 
as a yellow, crystalline powder, which is converted by hydrochloric acid into the 
praseo- chloride. 

There are two series of disulphitotetrammines, the cis and the trans. 
A. Werner and H. Griiger prepared ammonium cis-disidphitotetramminocobaltate, 
NH4[Co(NH 3)4(S03)2].3H20, by adding a large excess of ammonium hydrosulphite 
to the oxidized soln. used in the preparation of the cobaltic snlphitopentammines. 
It wms also made by K. A. Hofmann and A. Jenny, and K. A. Hofmann and 
S. Reinsch, by the action of sulphur dioxide, or of an amnioniacal soln. of ammonium 
sulphite, on cobaltic carbonatotetramminochloride. The dark brown, birefringent, 
nionoclinic crystals arc freely soluble in warm water, decompose slowly in soln., 
and when treated with alkalies yield the corresponding alkali salts with evolution of 
aniinonia ; the aq. soln. yields insoluble precipitates with the salts of the alkaline 
earths, mercury, silver, and gold. It dissolves in cone, sulphuric acid, with evolu- 
tion of sulphur dioxide, and on adding hydrochloric acid to the soln. the green 
praseo-salt is precipitated. The salt affords no coloration with ammoniacal sodium 
nitroprusside, and no precipitate with mercurous nitrate, but slowly gives a fioccu- 
lent precipitate with thallium nitrate ; in aq. soln. it has half the normal mol. wt. 
and is regarded as dissociating into the ions XH4 and Co(NH 3)4(S03)2. The 
crystals have the axial ratios a:h : c=0*859 : 1 : 0*534, and ^=111° 23' ; they can 
give off all their water without decomposition. A. Werner and H. Griiger prepared 
brownish-yellow leaflets of ammonium lithium m-disulphitotetramminocobaltate, 
2[Co(NH3)4(S03)2]Li(NH4)2S03, by treating the ammonium salt with lithium 
hydroxide, in the absence of carbon dioxide ; the salt is soluble in water, hut the 
soln. quickly decomposes. Ammonium csesium ciVdisulphitotetrammino- 
cobaltate, [Co(HH3)4(S03)2]Cs.2(NH4)2S03.2H20, was likewise obtained in dark 
brown aggregates of crystals. By treating with sodium sulphite the oxidized soln. 
used in preparing the ammonium salt, sodium cis-disulpMtotetramminocobaltate, 
Ha[Co(NH3)4(S03)2].2H20, was obtainedin golden-yellow, monoclinic leaflets. The 
salt was also made by K. A. Hofmann and S. Reinsch, and K. A. Hofmann and 
A. Jenny. E. Element prepared sodium as-disulphitodiethyienediamine- 
cobaltate, Na[(S03)2Co(C2H4(NH2)2)2]*3H20. K. A. Hofmann and A. Jenny also 
prepared rhombic needles of the triJiydrate by adding alcohol to a dil. soln. of the 
dihydrate. In aq. soln. the salt has half the normal mol. wt. A.W erner and H. Griiger 
prepared potassium m-disulphitotetramminocobaltate, E[Co(NH3)4(S03)2], iu 
dark yellow needles ; and rubidium m-disidpMtotetrammmocobaltate» 
Rb[Co(NH3)4(S03)2].2H20, in pale brown needles. They also obtained as precipi- 
tates by adding a salt of the metal to a soln. of the ammonium salt, copper, silver, 
gold, barium, cadmium, and mercury disulphitotetramminocobaltates^ The 
corresponding iron, and nickel disulphitotetramminocobaltates were very un- 
stable, and could not be isolated. K. A. Hofmann and S. Reinsch, and K. A. Hof- 
mann and A. Jennjy prepared ammonium iraws-disulphitotetramminocobaltate, 
NH4[Co(NH 3)4(S02)2]«4H20, by crystallization from an aq. soln. of the m-salt. 
The reddish-yellow prisms axe fairly stable in air, but rapidly eiBaoresce in vacuo. 
Like the cis-salt, it is readily converted into the praseo-chloride, and behaves in a 
similar manner towards thallium nitrate, mercurous nitrate, and ammoniacal 
nitroprusside . These two isomeric salts cannot be regarded as merely polymorphous 
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forms of om salt, as tliey give difiereiit colour reactions witli sulphuric* acid and arc 
not converted into one another l)y recrystallization. E. 11 . Kioseiifeld and 
W. Petricli also prepared ammonium ^r 6 ras-distdpIiitotctrannninoc(>baltat(', but 
they regarded it as a dihydratc. They showed tliat wJicn tin'- c/.s’-sultis lK‘at(Ml to 150 ' . 

forms ammonium iCraMs-disulpMtodiamminocobaltate, NIIil(V)(N]l3).>(SO.i)2j. 
K. Siegeri, and R. Kleinent prepared sodium disulpMtodiammmocobaltate, 
Na[Co(NH3).>(S03)2]. They also prepared ammonium /ra/zs-disulphitodiefchylene- 
diamminocobaltate, NH4[Co(O2H4(NH2)2)2(S0;^)2| ; and ammonium frrm- 
disulpMtodipropylenediaminecobaltate, NH4[Co(C3iic(Nl]2):i(SO;5l2] ; wliilc K Ele- 
ment prepared ammonium c^?-disulphitoethylenediamine and the ^rem- 
cobaltate, NH4[(S03)oCo(r2H4(NH2)2)(NI[3)2].3H20. K. A. Jlofnianu and A. Jenny 
prepared sodium /m-?ns-disulphitotetramminocobaltate, Na[(-o(Nir3)4(y03)2].4Ii20, 
in golden-yellow needles, wliich readily efiiorcsce, and lose all their water in vacuo. 
K. A. Hofniann and A. Jenny obtained eobaltic carbonatohydrosulphitotetram- 
inine, [Co(NH;3)4(CO3)HS03],b7 the action of siilpliurous acid on the corn*spomling 
chloride. It forms violet-red prismatic crystals whicli yield a vioh't-red solii. in 
water ; sulphuric acid' forms a bluish-red solii., and liydrochloric acid a violet soln. 
K. A. Hofmann and A. Jenny obtained aQ[UOdisulphitotriamminocobaltic acid, 
HlCb(NH3)3(H20)(S03)2].H20, as a by-product in the pre])aration of cobalt hexani- 
niinotrisiilpMte. The dark brown, birefringent, six-usideJ plates arc sparingly soluble 
in water, and give an amethyst colour with sulpliuric acid. By ])assing sulphui 
dioxide into an anunoniacal soln. of cobalt acetate which luid been (‘xposed for 
72 hrs. in air, dark brown rhombic plates of diliydraUxl sodium aquodisulphito- 
triamminoeobaltate, Na[Co{NH3)3(H30}(S03)3|.2H20, were obtained. The salt 
is s])iiriugly soluble in cold w^ater, and easily soluble in l)ot water. K. A. Hofmann 
and S. Reiiisch obtained a triliy irate, and also a kexahyi rate, 

E. li. Riesenfeld and W. Petrich prepared ammonium trisulphitotriammino- 
cobaltate, (NH4)3[Co(NH3)3(S03)3], by dissolving 10 grins, of cobaltous chloride in 
30 c.c. of 7 per cent, aq, aininonia ; the greenish-black precipitate was digested with 
5 c.c. of 25 per cent. aq. ammonia ; the ice-cold filtrate sat. with sulphur dioxide ; 
the filtrate evaporated to half its vol. under reduced press, at ; and the 

filtrate in 3 days furnished reddish-brown prisms. They also prepared yellowish- 
browm cobaJtic trisulphitotriamminocobaltate, Co[Co(NH3)3(S03)3]. 

K. A, Hofmann and A. Jenny reported sodium cobaltic hexamminohexasulphite, 
Na2C'o3(S03)s.6NH3.6HoO, to be formed by treating au oxidized aixunoniacal soln. of cobalt 
acetate witli snip Inn* dioxide, and adding to the filtrate sodium liydrosulphite, and an 
excess of ammonia. Yellow plates of the salt appear in. about 24 hrs. ; and yellow crystals 
of sodium cobaltic octamminohexasulphite, Na3Co3(S03)6.8NH3.GHoO, are formed by passing 
sulphur dioxide into an ammoniacal soln. of cobalt a<‘etate oxidized by oxj)Osure to air, 
and boiling the precipitate with an ammoniacal soln. of sodium sulphite. K. A. Hofmann 
and 38 . Rcinsch added cuprous chloride to an ammoniacal soln. of ammonium disulphito- 
fcetraniminocobaltato, and obtained small, green crystals of copper cobaltlC pentammino- 
trisuiphite, CuCo2(S03)3.5NH3.H5,0. 

P. Berthior obtained a basic nickel sulpbite, as a precipitate, by boiling a soln. of 
a nickel salt with potassium sulphite. J.S. Muspratt obtained tetrahydrated nickel 
sulpliite, NiSOg.^H.^O, by passing sulphur dioxide into water with nickelous 
liydroxide in suspension until almost all has dissolved. The residue appeared as an 
apple-green, crystalline powder insoluble in water, and soluble in hydrochloric acid 
with the evolution of sulphur dioxide. He also made it by boiling tlic soln. obtained 
by passing sulphur dioxide into water with nickelous carbonate in suspension ; 
and^ A. Rohrig, by rapidly evaporating a soln, of the hexahydratc at 150 ^. 
0 . F. Ranirnelsberg could not prepare the tetrahydrate, hut he obtained the Jiesca- 
hydmie, NiSOg-GH^O, in tetrahedral crystals, by evaporating a soln, of nickel 
hydroxide in sulphurous acid ; J. S. Muspratt also obtained this salt ; and 
M. J . Fordos and A. Gelis made it by evaporating a soln. of the metal in sulphurous 
add. A. Rohrig showed that the hexahydrate is obtained only from soln. at a 
temp, below 100 °. Wlien the ^alt is heated, C. F. Rammolsberg showed that the 
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salt melts, water escapes, and the residue solidifies and darkens in colour ; sulpkur 
dioxide is then given ofi and a mixture of nickel oxide and sulphide remains. The 
salt is insoluble in water, but soluble in sulphurous acid. G. F. Eaninielsberg 
prepared mckel triamminosulphite, NiSO3.3NH3.3H2O, by treating with alcohol a 
soln. of nickel sulphite in aq. ammonia. The pale blue crystals decompose when 
heated giving a sublimate of ammonium sulphite. The salt forms a pale blue soln. 
with a little water, but the soln. becomes turbid if more water be present, or if the 
clear soln. be warmed, P. Eay and B. H. Goswami treated a soln. of nickel hydro- 
sulphite with a cone. soln. of hydrazine sulphite and obtained a rose-coloured 
powder of nickel trihydrazinosnlphite, NiSOg.SNgH^.HgO, as a granular, insoluble 
precipitate. It is alkaline towards litmus ; and becomes blue when treated with 
water. It is neither dissolved, nor decomposed by boiling water. It is decom- 
posed exifiosively by cone, nitric acid. With dil, hydrazine hydrate, a soln. of 
nickel hydrosulphite forms a pale blue precipitate of nickel dihydrazmosiilpliite, 
NiSO 3 . 2 N 2 H 4 . 2 H 2 O. The water is not expelled at 150°, and it is decomposed at 
higher temp. It reacts alkaline towards litmus, and is not decomposed by boiling 
water. If this salt is suspended in water, and treated with sulphur dioxide and 
filtered, and the greenish-yellow soln. he evaporated on a water bath, nickel tetrita- 
trihydrazinosnlpliite, 4:NiS04.3N2H4.7H20, is formed. The water is not all 
expelled at 155° ; the salt is neutral towards litmus ; it is not dissolved or decom- 
posed by boiling water. K. Seubert and M. Elten obtained nickel dihydroxy- 
disulphite, Ni(0H)2.2NiS03.6H20, by mixing normal soln. of nickel sulphate and 
sodium sulphite. F. L. Hahn and co-workers prepared ammonium nickel sulphite 
by the method they used for the ammonium copper salt. G. Caiiiieri prepared 
tballous nickelous sulphite^ Tl2Ni(S03)2, as a yellow, microcrystalline powder. 
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§ 25. The Sulphites of the Platinum Metals 

According to J. W. Dbbereiner,! platinous oxide dissolves freely in sulphurous 
acid, and the colourless soln., prepared out of contact with air, contaiiis neither 
sulphates nor sulphides. A. Litton and G. H. E. Schncdcrniaun observed that a 
soln. of this salt is formed when sulphur dioxide is passed into water with platinous 
oxide in suspension. J. W. Dobereiner found that on evaporating the soln., a 
gummy mass is produced which was regarded as a platinic sulphite, hut which was 
shown by L. Gmelin to be more probably platinous sulphite, PtS03. At 
a red-heat, the colourless salt furnishes sulphuric acid and platinum ; it dissolves 
easily in water and alcohol ; it is not decomposed hy hydrochloric or sulphuric acid ; 
the aq. soln. becomes' brownish-red with stannous chloride, and gives oil sulphur 
dioxide ; the aq. soln, with auric chloride precipitates gold, and forms sulphuric 
acid and platinum tetrachloride ; and it forms stable, and insoluble , colourless 
complex salts with various sulphites. C. Birnhaum obtained a green, gummy 
mass of what he regarded as platinous hydxosulphite, Pt(HS03)2, hy treating the 
alkali platinous salt with potassium fiuosilicate, and evaporating the liquid ; lie also 
obtained an unstable soln. of platinic sulphite, Pt(S03)oj, by passing jsulphur 
dioxide into water with platinic oxide in suspension. The dark brown soln. which., 
is produced contains no sulphate ; and if treated with an excess of sulphur dioxide, 
or allowed to stand out of contact with air, it forms platinous sulphate. 

P. T. Cleve prepared a series of what he called j)latcsammino$iclpMtes, repre- 
sented by platoons iran^-sulpMtodiainimne, [Pt(NH3)2S03].H20, which he 
obtained hy passing sulphiu dioxide through a boiling soln. of platinous 
nitritodiammine ; evaporating the liquid on water-hath ; adding alcohol ; washing 
the precipitate with alcohol ; dissolving in water ; evaporating slowly for crystal- 
lization; and drying at 100 ®. The colourless needles are soluble in water; 
and only after treatment with chlorine- water does the soln. give a precipitate with 
barium chloride. S. G. Hedin reported triclinic plates of complex salts with pyridine, 
[PtC2H4(NH^)2S03][Pt(C5H5N)2S03].8H20 ; and [Pt(C5H5N)2(HS03)2].2|H20, the 
complexes [Pt(C6H5.m2)2(HS03)2,] ; BaS03[Pt(C6H5NH2)2S033 ; BaO.BaSOs- 
[Pt(C 6 H 5 ]SrH 2 ) 2803 ] ; and Ag2S03[Pt(CeH5NH2)2S03]. P. T. Cleve made platoons 
^mws-cMorohydrosiflpMtodianamme, [Pt(NI^)2(HS03)Cl], in white needles, by 
evaporating a soln. of platinous dichlorodiammine sat, with sulphur dioxide ; 
M. Peyrone, and P. T. Cleve, platoons frans-chlorammoniosulphitodiammine, 
[Pt(hna[3)2(NH4SO3)Cl].H20,in colourless rhombic plates, by boiling a soln. of platin- 
ouLs dicMorodiamnoine with an excess of ammonium sulphite. M. Peyrone obtained 
ammoniim platoons imws-sidpMtodiajiiiitoosidplute, (l:srH4)2S03[Pt(NH3)2S03], 
by the action of an excess of ammonium sulphite on platinous ^raTiS-dichlorodiammine ; 
and P. T. Cleve, hy adding alcohol to a soln. of platinous «ra 7 i 5 -dichlorodiammine and 
ammonium sulphite. The colourless, rhombic scales are soluble in wi3.ter, and when 
oxidized with aqua regia furnish yellow octahedra of platinic ^^aws-tetrachlorodiam- 
mine. W. Haberland and G- Hanekop obtained sodium platinous imw^-sulphito- 
dimnmmosidiAite, Na2S03[Pt(]m3)2S03].5JH20, hy saturating a soln. .of hy(Ho- 
chloropbtinic acid with sulphur dioxide; neutralizing the liquid with sodium 
carbonate ; dissolving the white precipitate in hydrochloric acid ; and adding an 
excess of ammonia to the acidic liquid. The colourless, rhombic crystals have, 
according to S. L. Tornquist, the axial ratios a :h: c== 0 ‘ 8731 : 1 : 1-4456 ; and have 
a negative double refraction. W. Haberland and G. Hanekop said that when 
heated to 100 '^, niols. of water are expelled along with some ammonia and sulphur 
dioxide ; at 135 ®, 5 mols. of water are expelled and the salt decomposes ; and at a 
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liigher temp., it leaves a residue of sodium sulphate and platmuni. lOO €.c. of water 
at 20 ° dissolve 5*37 grms. of salt. Sulphuric acid decomposes the salt giving of! 
sulphur dioxide ; and boiling potash-lye develops ammonia. P. T. Cleve prepared 
cupric platinous /ra%s-sidpMtodiammmosuiphite, CuS03[Pt (XH^) .>S03].5H20, 
in bluish-green crystals, sparingly soluble in water ; silver piatiious 
sulphitodiamminosulphite, Ag2S03[Pt(NH3)2S03].H20, as a snow-wLite powder : 
barium platinous frc/n.s-sulpMtoiammmosulphite,^ BaS03[Pt(NH3)2S03].3H20, 
ill colourless needles ; zinc platinous ira/ds-sulpMtodiamininosulplilte, ZnSOs" 
[Pt(NH3)2S03].6H20, in small plates or prisms ; lead platinous f/ans-sulpliito- 
diamminosulplnte, PbS03[Pt(NH3)2S03].H20, as a white crystalline powder; 
uranyl platinous /raH 5 -sulphitodiamminosulphite, U02S03[Pt(NH3)2S03].H20, 
as a yellow crystalline powder which becomes anhydrous at 100 ° T manganous 
platinous ^rans-sulpMtodiammmosulphite, MnS03[Pt(NH3)2S03].4:H20, as a white 
powder consisting of prismatic crystals ; cobaltons platinous fmns-sulpMto- 
diamminosulphite, CoS03[Pt(NH3)2S03].6H20, in rose-coloured crystals; and 
nickel platinous iran^-sidphitodiamminosulphite, hriS03[Pt(NH3)2S63].7H205 in 
bluish or greenish microscopic plates. 

P. T. Cleve prepared ammonium platinous m-sulphitodiamminosulphite, 
2(NH4)2S03[Pt(NH3)2S03], by adding alcohol to a soln. of cfs-dicMorodiamniine 
containing an excess of ammonium sulphite. The colourless, four-sided needles are 
soluble in water. Sodium platinous cfs-sulphitodiamminosulpliite, KaaSOs- 
[Pt(hrH3)2S03].4:H20, was prepared as in the case of the fmw^-salt. Similarly with 
silver platinous cfs-sulpMtodiamimnosulphitej 2Ag2S03[Pt(NH3)2S03] ; barium 
platinous cfs-sulphitocUamminosulpbite, 2BaS03[Pt(NH3)2S03] ; and colourless 
prisms or plates of platinous cis-cMorohydrosulpbatc^aminine, [Pt(l!TO3)2(HS03)Cl], 
by the action of sulphur dioxide on a soln. of the cfs-dicliloro- or tetrachloro- 
diammine ; M. Peyrone, white needles of ammonium platinous cis-cMoroammino- 
sulphitodiamminosulphite, (NH4)2S03[Pt(NH2)2(NH4S03)Cl],|H20, by boiling a 
soln. of ammonium sulphite with an excess of the cfs-dicMorodiammine ; and 
P. T. Cleve, ammonium platinous cfs-ammoniumcMorosulpMtodiamminosulpMte, 
(NH4)2S03[Pt(IvrH3)2S03][Pt(NH3)2(]Sna[4S03)G13.2H20, in colourles<=^ needles easily 
soluble in water, by boiling a mixed soln. of ammonium platinous cfs-sulphito- 
diamminosulphite with an excess of platinous cfs-diehloxodiammine, and adding 
alcohol to the filtrate from the cold soln. 

C. Birnbaum prepared platinous tetramminosulpMte, [Pt(ISrH3)4]S03, by warm- 
ing a dil. soln. of ammonium platinous trichlorohydrosulphite, 'with ammonia : 
2NH4CLPt(HS03)Cl-f5NH3=:3NH4Cl4-[Pt(NH3)4]SOs. The ^ white precipitate 
forms long needles on standing in water ; but I). Stiomholm said that what appears 
to be the same compound was obtained as platinous triaimninosMpMtc, 
PtS03(NH3)3, by the action of ammonia on a warm soln. of ammonium trichloro- 
sulphonate. When its hydrochloric acid soln. is oxidized with chromic acid, 
platinous ^j'ans-diamminodichloxide, Pt(]SrH3)2Cl2, is formed. P* T.^ Cleve made 
platinous tetranimmobislisrdrosalphite, [Pt(NH3)4](HS03)2‘2H2O, in colourless 
octahSdra or prisms, by mixing soln. of plafinic dichloxotetramininodinitTate mth 
sulphurous acid ; but D, Stromholm said that the compound is really platiniG 
tetramminodisulphite, Pt(NH3)4{S02)2.2H20. When oxidized by "chromic acid, 
the oxygen is consumed chiefly in oxidizing the sulphite to sulphate.^ When boOed 
with water, or heated with acids, platinous tetramminosulphate is formed, the 
(quadrivalent platinum being reduced by half the sulphurous acid, whmh becomes 
oxidized to sulphuric acid, whilst the other half of the sulphurous acid escapes. 
The same reaction takes place incompletely when the salt is heated. P. T. Cleve, 
and M. Peyrone made dihydrated platinous tetramniinodisxilpMte, S[Pt(NH3)4]S03. 
PtS03.2H20, in thin needles, by mixing platinous tetramminodichloxide with a hot, 
cone. soln. of sodium hydrosulphite. By working with a cold soln.,^ M. Peyrone 
made the tetraJiydrate ; and 0 . Carlgren and P. T. Cleve obtained it, in four-sided 
prisms, by the action of hot sulphurous acid on the complex iodoamminonitrate. 

VOL, X. ^ 
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P. T. Oleve, and M. Peyxouc also prepared platinons tetramiaainodihydrotrisiilphite, 
2[Pt{NH3)4](ES03)2.PtS03, by the action of ammonium sulphite on platinous 
t etraiaiiiinoplatinic chloride . 

J. von Liebig obtained ammonimn platinous disulpMte, (NH 4 ) 2 S 03 .PtS 03 .H^ 0 , 
by adding alcohol to a soln. of hydrocliloroplatinic acid neutralised with ammonia, 
and saturating with sulphur dioxide ; washing the precipitate with alcohol ; and 
drying over sulphuric acid* The white crystals were found by 0. Birnbaum to lose 
water at 110°. The crystals form a colourless soln. with water. The soln. gives 
a white precipitate with silver nitrate, and no precipitate with potash-lye, or 
alkali hydroxide unless mixed with hydrochloric acid. The diammines are 
described above. P. T. Cleve jirepared ammonium platinous tetrasulphite, 
S(NIl4)2S03.PtS03, by evaporating a mixed soln. of platinous chloride and 
ammonium sulphite in the presence of aniline ; and by J. Lang, by treating 
ammonium chloroplatinite with ammonium sulphite, washing the precipitate with 
cold water. The colourless needles are slightly soluble in cold water, and more 
soluble in hot water ; when treated with sodium carbonate, ammonia is evolved, 
C. Birnbaum prepared the irihydrate^ 3(NH4)2S03.PtS03.3H20, by the action of 
sulphur dioxide on a soln. of ammonium sulphite in which hydrated platinic oxide 
is suspended, neutralizing the soln. with ammonia, evaporating, and drying over 
sulphuric acid. 

A. Litton and Gr. H. E. Schnedermann, and C. Birnbaum prepared sodium 
platinous disulphite^ Na2SO3.PtSO3.H2O, by evaporating a soln. of the tetra- 
sulphite iu dil, sulphuric or hydrochloric acid, washing the product with a little 
water, and drying at 100°. The yellow powder is sparingly soluble in water, 
and the sola, gives no precipitate with sodium chloride. A. Litton and 
a, H, E. Schnedermann treated platinous sulphite, and J. Lang, and C. Birnbaum, 
potassium sulphitoplatinite, with sodium carbonate, and dried the product over 
sulphuric acid. A. Litton and G. H. E. Schnedermann added sodium carbonate 
to a soln. of hydrochloroplatinic acid, sat. with sulphur dioxide, and dried at 200® 
the washed precipitate ; P. T. Cleve boiled soln, of platinous dicldorodiammine with 
sodium sulphite ; E. von Meyer saturated a soln. of platinum dichlorofulminate 
with sulphur dioxide, neutralized it with sodium carbonate, and dried the product 
at 100° ; and C, Rudelius treated ^ram-platinous dichlorodisulphopropyl amine 
with sodium sulphite. The white powder has a yellow tinge, and consists of minute 
needles ; C. Birnbaum represented the salt as a heptahydrate ; J. Lang, P. T. Cleve, 
E. von Meyer, and C, Rudelius, as a lieinitrihydrate ; and S. Tyden regarded the 
product he obtained from sodium sulphite and sodium platinous dithiodiglycollate 
as a dihydrate. C. Birnbaum’s heptahydrate lost 5-|- mols. of water at 100°, and at 
180® all the water is given ofi. J. Lang found that decomposition starts at about 
210®. The salt was found by A. Litton andG. H. E. Schnedermann to be sparihgly 
soluble in cold water ; more soluble in hot water ; insoluble in a soln. of sodium 
chloride, and in alcohol. The aq. soln, is decomposed by chlorine ; acids dissolve 
the salt with the evolution of sulphur dioxide ; hydrogen sulphide, and ammonium 
sulphide give no precipitate with the aq. soln. until an acid has been added, when 
platinic sulphide is precipitated ; sodium, ammonium, and barium chlorides give 
a white precipitate, so also does silver nitrate ; ammonia precipitates a tetrammine 
from the soln. in hydrochloric acid ; sulphuric acid forms sodium and platinous 
sulphates ; potassium cyanide forms a cyanoplatinite ; and boiling alkali-lye does 
not decompose a soln. of the salt. 

* J. Laug prepared SK>tassiiiin platinous tetrasulphite, 3K2S03.BtS03.1|H20, in 
colourless or pale yellow, six-sided prisms, by cooling a hot soln. of potassium 
chloroplatinite and potassium hydrosulphite. The salt is dried in vacuo or over 
sulphuric acid ; it is sparingly soluble in cold water, and freely soluble in hot water ; 
the soln. has a neutral reaction ; ammonia gives a white precipitate which dis- 
appears on shaking; potassium hydroxide or -carbonate gives no precipitate; 
sodium carbonate precipitates the sodium salt ; dil. soln. of ammonium carbonate. 
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and liydrogeia sulphide give no precipitate ; ammoniam sulphide with a boiling soln., 
and after the addition of hydrochloric acid, gives a black precipitate ; hydro- 
chloric acid very slowly decomposes the warm soln., giving oh sulphur dioxide ; 
and mercurous nitrate gives a yellowish-green precipitate. C. Birnbaiini obtained 
the dihydrate, which is probably the same as the alleged hemitrihydrate, from the 
soln. obtained by passing sulphur dioxide into an aq. soln. of potassium sulphite in 
which hydrated platinic oxide is suspended. The liquid is neutralized with 
potassium carbonate and evaporated; the crystals arc dried over sulj)huric a'^id. 
S. Tyden obtained a tetrahydmLe, K^Pt (803)4. dH^O, by the actioTi of potassium 
carbonate and pyrosulphite on platinous dithioglycollatc. 0. Claus o])taiaed 
potassium platinous decasulphite, 6K2O.2PtO.lOSO2.5H2O, from a boiling soln. 
of potassium chloroplatinate and potassium sulphite ; but J. Lang could not 
verify this result. For copper platinous diamminosulphite, vide the 

diammines. J. Lang prepared silver platinous tetrasulphite, 3Ag2S03.PtS03, by 
treating the potassium salt with silver nitrate. The white salt blackens in light, 
and is soluble in aq. ammonia — ^for the diammines, vide sufra. 

C. Birnbaum obtained ammonium platinous diclllorodisulphite9 (NH4)4ptCl2'* 
(803)2, in colourless prisms, from the action of a soln. of ammonium hydrosulphite on 
ammonium chloroplatinite or ammonium platinous trichlorohydrosulphite ; C. Birn- 
baum, and P. 8chottlander, ammonium platinoiis'trichlorohydrosulphite, 2NH4CI. 
Pt(HS03)Cl, in orange-yellow needles, from a soln. of ammonium chloroplatinite in 
warm cone, sulphurous acid ; and C. Birnbaum, ammonium platinous chlorodisul- 
phite, (]SrH4)2S03.(NH4)Pt(S08)CL3H20, in pale yellow monoclinic crystals, from a 
soln. of ammonium chloroplatinite in a cone. soln. of ammonium sulphite. Tht^ 
ammines of the chlorosulphites have been already discussed . E. A. Hado w report ed 
platinous diammins pentachlorosulphite, 2[Pt(NH3)2Cl2]Pt803.PtCl2. G. Birn- 
baum made potassium platinous trichlorosulphite, 2KCLKPt(S03)Cl, in orange- 
yellow crystals, from a soln. of potassium chloroplatinate in warm, cone, sulphurous 
acid ; ammonium potassium platinous chlorodisulphite, (NH4)ELS03.KPt(S03) 
CI.3H2O, in colourless prisms, from a warm soln. of ammonium chloroplatinite, 
ammonium hydrosulphite, neutralized with potassium carbonate ; and ammonium 
potassium platinous trichlorosulphite, 2NH4CLKPt(S08)Cl. in orange-yellow, 
rhombic crystals, from a soln. of potassium carbonate and ammonium platinous 
trichlorohydrosulphite. The platinous chlorosulphites can be represented as 
members of the series : 

K^CPtClJ K3[PtCl5(S03)] (NH4)4[PtCb(S03)2] Ke[Pt{S03)4] 

0. Birnbaum made potassium platmic oxydisulphite, K2S03.Pt0(S03).H20, 
by passing sulphur dioxide into water with hydrated platinic oxide in suspensibn 
until the brown powder begins to dissolve, and the remainder then slowly dissolves. 
The filtrate was mixed with potassium sulphite, and potassiimi carbonate added 
until the liquid has a feeble acidic reaction ; washed with cold water ; and dried, 
over sulphuric acid. The dark brown powder consists of minute crystals. It loses 
.water at 100% and decomposes at 120°. Hydrogen sulphide reduces the soln* 
to a colourless platinous salt, and with acidic soln. hydrogen sulphide and ammoniunl 
sulphide precipitate platinic sulphide; hydrochloric acid displaces the sulphur 
dioxide ; potash-lye forms a brpwn solu., and on boiling no hydrated platinic oxide 
is separated ; and barium chloride gives a yettow precipitate. 0. Birnbaum ob- 
tained sodium pktimeotydyus^ Na2S08.Bt0(S03).2H20» in an analogous way. 

G. Claus, and BL Seubert could not isolate iridous sulphite, IrSOs, but they 
obtained complex salts with the alkaline sulphites, some of which have hem xpgard^l 
as salts of an unknown Iurdirosipd]^tc^^ hidous iu^dp* 

^phite^ Ir(HSQ^)2^ 0. Claus found that whm iridous <^Muri<fo is mixed mth 
pofosriiTO hydno^pMt^ a yellow precipitate is formed with the composition 
'':lK2p.IrO:.5S%, which ww'tibeughi -to he-a j^x^re^contaiuing , 

' ' •' ' ^ ■ ' - ' ' V . ' ' '' 
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According to C. Biriibaum, if hydrated iridium dioxide he suapended in water, 
and treated with a current of sulphur dioxide, part of the iridium oxide is reduced 
and passes into soln. as a sulphite, and the green soln. deposits yellow crystals of 
iridium trisulphite, IrhSOgla-GHoO. This salt is washed with water and dried over 
sulphuric acid. It loses all its water at 160°-180° ; and when heated to a higher 
tenip.^ it gives oil water, and sulphur dioxide ; and dually sul])iuiric acid, leaving 
a residue of tlic ])lack heniitrioxide. The salt is sparingly soluble in wuiter, and 
freely soluble in acids with the evolution of sulphur dioxide. Alkali-lye converts 
the sulphite into the liemitrioxide which in air oxidizes to the dioxide. In the 
preparation of the normal sulphite the ]oart which does not dissolve in sulphurous 
acid is a dirtv olive-green iridiiuu oxysulj)hUCy or ‘widyl sid2)^itc, lr0(S03).4H2D, 
with quadrivalent iridium ; or it may be a basic sulphate, Ir20(S04)3.8H20. 
C. Birnbaum obtained ammonium iridium trisulphite, (NH4).<,Ir(S0a)3-liH20, by 
adding ammoniuni carbonate to a soln. of iridium trisuiphite. The brown crystalline 
powder is insoluble in water ; the corresponding potassium iridium trisulphite, 
£311(803)3.31120 ; and sodium iridium trisuiphite, Na3lr(S08)3.4H20, were pro- 
duced in a similar way. If the sodium salt be dissolved in hot hydrochloric acid, 
and the red soln. he satixrated with ammonia, it deposits a yellow precipitate, which, 
when crystallized from its aq. soln., furnishes sodium iridium ernieammiaohexa- 
sulphite^ Na3lr2(NH3)9(S03)6.10H20. 

K. Seiihert observed that when a soln. of ammoniuni chloroiridito or chloro- 
iridate is treated with sulphur dioxide at about 70°, the liquid acquires a red colour, 
and deposits orange crystals of ammonixuu iridium hexachlorodihydrosulphite, 
4NH4Cl.IrCl2.H2S03, which are very soluble in water. C. Claus 2 obtained potassium 
iridium chloroixisiriphite, 2K2S03.IrCl(S03), as a yellow powder decomposed by 
boiling water; and hexagonal crystals of potassium iridium tetrachlorodi- 
siiIpMte, 2K0L2K2S03.IrClo.l2H20, from a hot mixture of potassium hydro- 
sulphite and chloroiridite ; a soln. of this salt in hydrochloric acid yields, on 
evaporation, potassium iridium pentachlorodisulphite, 3KCllC.)S03.IrC]o(803), 
2H2O. 

J. J. Berzelius found that w^hen a soln. of osmium totroxide is reduced with 
sulj^Fhur dioxide, the yellow liquid becomes indigo-blue, and when evaporated out 
of contact with air, and dried at 100°, in vacuo, osmious sulphitej, OsSOg, is formed 
as a black powder. C. Glaus and E. Jacoby obtained it from a soln. of osmium 
oxysulphide in cone, sulphurous acid ; and E. Fremy, by treating potassium 
osmiate with the same acid. The powder is insoluble in water, but soluble in acids. 
When heated, it decomposes 20sS03=0sS-f OSO4+SO2 ; with alkali-lye, it forms 
osmious hydroxide and alkali sulphite. C, Claus treated potassium chlorosmiate 
with potassium^ sulphite and obtained the complex salt 2K2S03.2KHS03,4H20, 
potassium osmious dihydrotetrasulphite. The tabular crystals are almost taste- 
less ; they decompose at 180° ; are insoluble in water ; and react like the iridium 
salt, A Soln. of this salt in hydrochloric acid furnishes reddish-brown, soluble 
crystals of potassium osmium disulphite, 6KCl.OsO.2SO2. 

According to A. Rosenheim and E. A. Sasserath, if sulphur dioxide be passed 
into a soln. of osmium tetroxide in 20 per cent, sodium hydroxide, until the soln, is 
nearly neutral to litmus, and the soln. neutralized with sodium hydrosulphlte, sodium 
c^im€tetrasiilpMte,3Na20.0s03.4:S02.5H20, or, neglecting. the water of crystalliza- 
tion, (Na0)20s(NaS03)4, is formed. This salt is also obtained by cautiously adding 
sodium hydrosulphitc to a soln. of sodium osmate. The salt furnishes reddish-brown 
needles ; it forms a reddish-brown soln. with water at 70°, and this soon decomposes 
with the precipitation of the black oxide ; with sodium hydroxide it forms a violet 
soln. of sodium osmiate, with silver nitrate, reddish-brown silver osmic sulphide ; 
and with barium chloride, brown barium osmic sulphide. -If a 20 per cent. soln. 
of potassium hydroxide be substituted for sodium hydroxide, potassium osmic 
decas^phite, 7K2OAOsO3.lOSO2.7H2O, or {K0)20s2(0H)5(KS03)4.H20, is 
formed. It is more soluble than the sodium salt, and it decomposes at 70°. It 
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fiirnislies a triliydrato and tlie anhydrous salt. By using a more cone, sulii, of 
potash-lye, potassium osmic tetradecasulpbite, llK2O.4OsO3.i4SO2.H2O, or 
(K0)20 s2(0H)5(KS0s)5.21v 2S03, is formed. It is supposed that the potassium 
salt is derived from an osmate, (K0)20s205, as just indicated. Ko ammonium osmic 
sulphite could he prepared. 

G. Sailer prepared dark violet sodium osmium sulphite, Ka6[0s4(S03)7].24H2O, 
by the action of sodium hydrosulphite on an alkaline soln. of osmium chloride. 
A. Eosenheim and E. A. Sasserath prepared sodium hexasulphitosmate, 
Na3[0s(S03)(5].8H20, by boiling an aq. soln. of sodium chlorosmate with a cone, 
soln. of sodium hydrosulphite. It crystallizes from dil. sodium hydrosulphite in 
microscopic, brownish-white prisms, is sparingly soluble in water, and decomposes 
with a blmsh-grcen coloration, gives an intense blue precipitate when treated with 
alkali, and does not yield all its sulphurous acid when boiled with cone, hydrochloric 
acid. It is also obtained with 3 mols. of water of crystallization by leaving a mixed 
soln. of sodium chlorosmate and hydrosulphite in a closed flask for some weeks. By 
boiling the mixed soln., sodium aquopentasulphitosmate, ISra 6 [ 0 s(H 20 )(SO 3 ) 5 ]. 4 H 2 O, 
is obtained as a white crystalline j)owder; and by heating a mixed soln. of 
sodium chlorosmate and sulphite at 70 ®, sodium chloropentasulphitosmate, 
Na70sCl{S03)r,]. 61120, is obtained as a white crystalline powder ; and by heating a 
mixed soln. of sodium chlorosmate and sulphite at 70 ® ; the salt is a violet crystalline 
powder, which dissolves in boiling water with a reddish- violet coloration and then de- 
composes, yielding a violet precipitate. The chlorine in this compound cannot be pre- 
cipitated quantitatively with silver nitrate. If an excess of sodium hydrosulphite or 
sulphite acts, for a long time, on sodium chloro-osmate at ordinary temp., A. Eosen- 
heim obtained sodium dichlorotetrasulphitosmate, ]S[a6[OsCl2(SO3)4].10H2O ; while 
A. Eosenheim and E. A. Sasserath found that when the two soln. react at 50 ®, 
sodium oxytetrasulpMtosmate, Na6[0s0{S03)4].3H20, is formed as a violet, crystal- 
line precipitate. When a soln. 'of potassium osmic sulphite and hydrosulphite is 
boiled, potassium dihydrohexasulpliitosmate, K2H2[0s(S03)6].2H20, crystallizes 
out in white needles. It is more easily soluble than the sodium salt, and can be 
recrystallized from water without decomposition. It is also obtained by boiling 
potassium tetrachlorosmate with potassium hydrosulphite and by allowing a mixture 
of potassium osmic sulphite and potassium hydrosulphite to remain at the ordinary 
temp. If potassium sulphite be added to a cold soln. of potassium chlorosmate, 
white needles of potassium aquopentasulpMtosmate, K6[C>s(H20)(S03)5].4H20, 
are formed along with a small proportion of yellow, acicular crystals of a ohloro- 
salt. White or pale rose-coloured potassium trihydroaquoheuasulpMtosmate, 
K34H3[0s(H 20(S03)3]].5H20, is formed by the action of soln. of potassium hydro- 
sulphite and potassium osmic sulphite in the cold or gently warmed. This salt can 
be recrystallized from water without decomposition. A. Eosenheim prepared 
potassium dihy^otetracUorotetrasulphite, KeH2[0sCl4(S03)4], by the prolonged 
action of soln. of potassium hydrosulphite and chlorosmate. The dark red, mono- 
clinic crystals have the axial ratios a:b : c=l ’7243 : 1 : 1 - 1729 , and ^= 105 ® 44 '. 
When heated with hydrochloric acid, sulphur dioxide is evolved, and potassium 
chlorosmate is formed. 

P. Ereriche and P. Wohler ^ prepared sodium palladous tetrasulphite, 
21Sra2S03.N’a2Pd(S03)2.2H20, by saturating a soln . of palladous chloride with suli)hur 
dioxide, and adding suffleient sodium hydroxide to neutralize the liquid, a white 
crystalline precipitate is formed, which when washed and dried is yellow. The 
salt dissolves in boiling water, but does not separate out on cooling ; it is also 
soluble in soda-lye, and in sulphurous acid. 

C. Claus ^ prepared rhodium trisulphite, Eh2(S03)3.6H20, by dissolving the 
hydrated oxide in sulphurous acid ; evaporating the soln, ; and washing out the 
.excess of acid with alcolxoL The white crystals are sohAle in water, Imt not in 
alcohol. When heated, sulphur dioxide and sulphuric aci<l ar<-. given olt, and 
rhodium hemitrioxidc remains. J, J. Berzelius, E. Frciiiy, and C. Claus mixed 
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siil|jIiiirous or potassium iiydrosulpliite, witli a soln. of potassixim^ rhodium 
chloride, and obtained a white precipitate of potassiEtti rhodium trisulpMtes 
3K2S03.Eh2(S03)3.6H20, or K3Eh(S03)3.3H20. The sulphite is insoluble in water ; 
is attacked slowly by acids ; at a red-heat forms potassium sulphate and rhodium ; 
when boiled with hydrochloric acid, sulphur dioxide is given off, and the corre- 
sponding chloride is formed ; and boiling potash-lye docs not decompose the salt. 
E. Bunsen made sodium rhodium sulphite in a similar way ; and K. Seubert and 
K. Xobbe assigned to it the formula 6Na2SO3.4EhSO3.9H2O. The green product 
is insoluble in cold water, and sparingly soluble in hot water ; and a kind of 
anhydrous alum is formed with sulphuric acid. G-. Sailer reported brownish-red 
sodium rhodium sulphites Na(;[Rh4(S03)7].12H20, to be formed by the action of 
sodium hydrosulphite on an alkaline soln. of rhodium chloride. 

According to U. Antony and A. Lucchesi,® when a soln. of ruthenium sulphate 
is treated with sulphur dioxide, the colour of the soln. changes from bright red, 
through green and violet, to azure-hlue, after which the liquid is decolorized. 
If the azure-blue soln. is poured into alcohol, there is formed a ])recipitato of 
ruthenium tiisulpMte, Eu2(S03)3.nH20. The blue compound is an intermediate 
stage in the conversion of the sulphate to dithionate. It is a blue colloid, and 
dissolves in a large quantity of water, giving a soln. from which it is completely 
precipitated by the addition of a salt. It can be dried at 80 ® without change, but 
when heated in a current of carbon dioxide or nitrogen, it begins to lose sulphur 
dioxide at 100®, and on stronger heating is completely decomposed, with the forma- 
tion of a brown substance. 0 . Claus showed that when sulphur dioxide acts on a 
soln. of potassium ruthenium chloride at ordinary temp., a yellow ])Owcler of potas- 
sium ruthenous disulphite, K2Eu(S03)2, is formed ; a similar product is obtju’ned 
when the double salt is heated with potassium hydrosulphite. Accordhig to 
A. Miolati and C. C. Tagiuri, when potassium ruthenium pentachloride is boiled witli 
a soln. of potassium hydrosulphite, a blue, crystalline precipitate of potassium 
ruthenium oxyoctosulphite, 0[Eu(S03)4K(5]2.4H20, is formed *, and similarly 
with sodium ruthenium oxyoctosulphite, 0[Eu(S03)4K6]2-2H20. By the action 
of sodium hydrosulphite on ruthenium chloride in alkaline soln., G. Sailer 
obtained brownish-yellow sodium ruthenium hydrosulphite, Na3ll3[Eu(SO;j).tl. 
A. Miolati and C. 0 . Tagiuri found that if a soln. of hydrosulphito acts on 
sodium nitrosochlorornthcnate, small orange-yellow crystals of sodium oxynitroso- 
tetrasolphite, 0[Eu(S03)2(N0)Na2]2-2H2O, are formed. They are slightly 
soluble in cold water. Needle-like crystals of potassium oxynitrosotetrasulphite, 
0[Eu(S 03)2(N0)K2].2H20, are formed in a similar way. 
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§ 26. Pyrosulphurous Acid and the Pyrosulphites 
The hypothetical pyrosulphurous acid, H2S2O5, 

Q>S-~ OH 

has not heen prepared, although a few of its salts — pyrosulphites — have been 
prepared by J. S. Muspratt,i E. Carey and E. Hurter, C. Schultz-Sellack, 
A. Kohrig, M. Berthelot, A. Bernthsen and M. Bazlen, E. Basse and G. Eanre, 
A. Geuther, etc. W. Mcysztowicz could not prepare pyrosulphites of the bivalent 
metals. When treated with acids, the pyrosulphites furnish sulphurous acid ; 
and when heated, A. H. Bolirig, and M. Berthelot represented the decomposition 
2R2S2O5- 21^2804+8+802 ; A. Geuther said that some thiosulphate is formed as 
an intermediate product, but B. Divers did not agree with this. E. G. Hartog 
supposed that the molecule should be doubled B4S4O10 because of the evolution 
of heat at those stages during the progressive neutralization of sulphurous acid and 
ammonia. M. Berthelot also believed that the molecule of the metasulphite should 
be doubled. B.. Dietzel and 8. Galanos said that aq. and alcoholic soln. of 
ammonium and potassium pyrosulphites show no spectrum characteristic of 
S205"-ions ; and the state of equilibrium in these cases is similar to that with aq. 
soln. of sulphur dioxide [q.v,). 

A. E. de Eotircroy and Ij. IST. Vauquelin mentioned the formation of an acid 
ammonium sulphite as a sublimate when the normal sulphite is heated. J. 0 . G. de 
Marignac obtained aminomum pyrosulpMte, by saturating a soln. of 

the normal with s\ilphur dioxide, and R. de Eorcrand, by saturating cone. aq. 
ammonia with that gas, and evaporating the soln. in vacuo over sulphuric acid ; 
A. Rock and K. Kliiss, and E. Divers and M. Ogawa employed a similar mode of 
preparation, E. Divers and M. Ogawa said that if, in the preparation of the salt, 
the passage of sulphur dioxide is not stopped when the soln. is full of crystals, 
these gradually dissolve, and the soln. becomes greenish-yellow. Then, as it 
becomes sat. with sulphur dioxide in the cooling mixture, the pyrosulphite crystal- 
lizes out — a quantity ecjuivalent to a little more than one*-:Mth of the ammonia taken 
is thrown out of soln. by the sulphur dioxide. The salt can be obtained dry and 
pure in the same way as the normal sulphite, except that sulphuric acid, to which a 
little solid alkali sulphite has been added, is used in the desiccator. It may be kept 
unchanged for any time in such a desiccator, although it is very deliquescent and 
changeable when not carefully xTxeserved from moisture. This salt is also easily 
obtainable by evaporating its aq. soln., but not without some decomposition through 
loss of sulphur dioxide and through oxidation with formation of sulphate. J. 8. Mus- 
pratt made the salt by passing the two moist gases into ether. The preparation of 
the sulphite as a by-product in other preparations was discussed by G. Blattner, and 
by B. Carey and F. Hurter. The pyrosulphite furuishes rhombic crystals, which, 
according to J. C. G. de Marignac, and A. Fock and K. Kliiss, have the axial ratios 
a:b: o= 0'3939 ; 1 : 04770 . They arc not isomorphous with the potassium salt. 
The crystals are difiScult to measure on account of their tendency to deliquesce : 
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do Forcrand gave for the heat of forruatioD. (2S.soHci,50({;ig,‘1:H2sasjN2gas) 
=300’00 Cals.; (2Sga5,50gas,4H2gas,N3gas) =305-20 Cals. ; ((NH4)2S2 4-5O)=234-0 
Cals.; (2S02gas,2NH3gas,2H20gas)=80-00 Cals.; for aq soln. 28^02(64 grms, 
in 4 litres) and (NH4)20(26 grms, m 2 litres), 59*12 Cals,, and 280^(04 grms. 
in 2 litres) and 2(NIf4)20(26 grms. in 2 litres), 25*00 Cals. For the reaction 
of a mol of the pyrosulphite in 12 litres of water, and a mol of (NH4)20 in 
2 litres 20*74 Cals. The heat of soln. of one mol of salt in 60 parts of water, 
is —6*38 Cals, at S'". According to E. Divers^ and M. Ogawa, tlie thoroughly 
dry pyrosulphite sublimes unchanged at 130^-150°, but probably with an inter- 
mediate dissociation ; and if any moisture be present, some sulphate and 
trithionate are formed. G* A. Barbaglia and R. Gucci found that tlie pyrosulphite 
in a sealed tube at about 150"^ furnishes ammonium sulphate, sulphuric acid, and 
sulphur. A. Bineau found that the salt can be heated to 134^^ without giving of! 
gas, and that mercury is blackened. All agree that the pyrosulphite is extremely 
deliq^uescent, and is difficult to dry without oxidation ; J. C. G. de Marignac found 
that the crystals lose sulphur dioxide on exposure to air ; and J. S. Muspratt, that 
half the combined sulphur dioxide is given off in air, and that the salt is readily 
oxidized to the normal sulphate. F. Rochleder found that the cone, aq. soln., 
in darkness, suffers no change in air ; but in diffused light, and in air, sulphur is 
deposited and ammonium sulphate with a little thiosulj)hatc are formed . J. S. Stas 
said that the pyrosulphite changes its titre in light. The action of the salt on 
ammonium iodide and iodic acid resembles that of the normal sulphate ; the 
reduction to hyposulphite by zinc was observed by M. Prud’homme ; and the 
electrolysis of the ammoniacal soln,, by G. Halphen. W. Eidmann found that it is 
insoluble in acetone. A. P. Sabaneeff and W. Speransky obtained hydrazine 
pyrosulphate, (N2H4)2H28207, by passing sulphur dioxide into an aq. soln. of 
hydrazine hydrate, and evaporating the yellow soln. under reduced press., or in an 
atm. of sulphur dioxide ; or else precipitating the salt from the soln. with alcohol. 
The salt readily oxidizes to the sulphate. The effect of the salt on the f.p. of water 
corresponds with the factor ^=3*82 to 3-55 with respectively a cone, of 1*152 and 
4*548 grms. per 100 grms. of water, 

A. P. Sabaneeff 2 prepared hy^azine pyrosulphite, 2N2H4.H2S2O5, i.e. 
(N2H5)2S205, by passing sulphur dioxide into an aq. soln, of hydrazine hydrate — 
vide supra, hydrazine sulphite. 

When sulphur dioxide in excess is passed into a cone. aq. soln. of sodium 
carbonate, crystals of sodium pyrosulplute, Na2S2G5, are deposited as the soln. 
cools — vide supra. An analogous process was used by 0. Schultz-Sellack,® 

E. J. Maumene, A. F. de Fourcroy and L. N, Vauquelin, A, H. Rohrig, and R, E. Evans 
and C3. H. Desch ; H. Endemann treated a cold, diL, aq. soln. similarly ; E. Carey 
and F. Hurter treated solid monohydrated sodium carbonate with the gas ; and 

F. Basse and G. Faure devised a continuous process for preparing this salt by the 
action of sulphur dioxide on a soln. of sodium carbonate. Both A. Rohrig and 
C. F. Eammelsberg obtained a hemihydrate, ]Sra2S205.|H20, by evaporating the 
soln. at room temp, or from a warm acid soln. Otherwise the analyses of H. Ende- 
maun, A. Rohrig, and R. E. Evans and 0. H. Desch agree with Na2S206. 
According to R. de Forcrand, the white crystals of sodium pjnrosulphite have a 
heat of formation (28, 50, 2Na) ==174*2 Cals. ; (2S02gas,Ha2'Osoiid)==Sd-9 Cals. ; 
and (S02ga8?Na2S038oUd)=9'^ Cals. ; a heat of soln. of one part of salt in sixty 
parts of water —-2*62 Cals, at 10® ; and a heat of neutralization of 14*23 Cals. 
P. J, Hartog said that when freshly prepared the salt can be kept in an 
atm. of nitrogen, and it undergoes a polymeric transformation attended by the 
evolution of 2*74 Cals., forming — ^possibly — (Na2S205)2. P. Walden measured the 
eq. electrical conductivity, A, of the soln. for a mol of the salt Na2S205 dissolved in 
1? litres of water at 25® : 
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whicli is taken to sliow that sodium pyrosulphite is the salt of a dibasic acid. 
C. Schultz-Sellack found that the salt gradually loses sulphur dioxide when exposed 
to air, and it passes into normal sodium sulphate ; D. Gernez, that in a current 
of carbon dioxide the aq. soln. loses sulphur dioxide ; and G. A. Barbaglia and 
P. Gucci, that when the sat, soln, is heated in a sealed tube at 150°, sodium sulphate 
and sulphur are formed. According to H. Endemann, when heated to 80° for a 
long time it loses a mol. of sulphur dioxide ; if rapidly heated, it forms sulphur and 
its dioxide : 2Na2S205=21sra2S04-l-S+S02 ; and when heated with alcohol, it 
loses sulphur dioxide. E. Eorster and co-workers gave for the solubility of sodium 
pyrosulphite, in grams per 100 grms. of soln, : 

— 8 - 5 ® — 2 * 0 '’ 0 ® 3 * 5 ® 8 - 0 ® 15 0 ° 40 2 ° 59 ' 2 ° 85 - 0 ° 97 2 ° 

NagSaOs. 24*75 30*45 32*90 37*70 38*65 39*16 41*50 44*29 47*89 49*06 

Por the solubility of the heptahydratc, they gave 32*45 at 1*2° ; 31*25 at 0° ; 26*15 
at -~-5*0° ; 23*77 at —9-0° ; and 23-45 at —9*3°. The results are plotted in Eig. 68. 
The anhydrous salt is stable between 5*5° and the 
b.p. of the soln. ; the heptaJiydratey ]Sra2S205.7H20, is 
stable between 5*5° and the eutectic temp. —9*05° ; 
and the hexahydrate, ]S[a2S205,6H20y is metastable 
between 3*8° and — 9*79°. There were indications of 
a trihydrate, lsra2S205.3H20 ; and of a tritahydrate, 

!N*a2S205.JH20. Cryoscopic observations show that in 
aq. soln. the salt is hydrolyzed S206"+H2(>^2HS03'. 

N". W. Sokoloif, and R. Otto supposed that a soln. 
of iodine in one of potassium iodide furnishes the 
dithionate, but it is rather sodium hydrosulphate 
and iodide that is formed as shown by L. Bourgeois 
and W. Spring, A Colefax, L, P. de St. Gilles, and 
M. J. Fordos and A, Gelis. When the soln. of the 
pyrosulphite is boiled with sulphur, V. Paget ob- 
served that the salt is transformed into hyopsulphite 
and trithionate, which are, in turn, decomposed into sulphate, and sulphurous acid. 

J. S. Muspratt ^ prepared pota^um pyrosulphite, by passing sulphur 

dioxide into the hot, sat., aq. soln. until effervescence has ceased, and the green soln. 
deposits crystals of the salt which are then washed with a little alcohol, and dried 
between bibulous paper. A. Boake and P. G. A. Roberts obtained the pyxo- 
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Fra. 68. — Solubility of 
Sodium Pyrosiilpfute. 



Fics. 69, 70, and 71. — Percentage of Different Forms of Combined Sulphur present at 

Different Temperatures. 

sulphite industrially by passing sulphur dioxide into a boiling soln. of potassium 
sulphate mixed with calcium hydroxide until the- sp. gr. is 1*460, and cooling thci 
liquid. The subject was discussed by J. Pornell. Groth, and J. 0. G. de 
Marignac said that the monoclinio plates arc stable ip. air, and have the axial ratios 
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a:h : c==l*4650 : 1 : 1*2222, and jS=131° 43'. A. H. Rolirig represented tlie thermal 
decomposition of the salt hy : 2K2S205=2K2S04+4S+S02 *, and A. Geuthersaid 
that the changes which occur when the salt is heated are almost the same as those 
which occur when the hydro sulphite is heated. P. Forster and G. Hamprecht 
found that when heated for different periods of time, at different temp., potassium 
pyrosulphite furnishes the proportions of the different substances indicated in 
Figs. 69, 70, and 71. Between 220° and 700°, they obtained, in unit time : 
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P. Forster and G. Hamprecht found that crystalline potassium pyrosulphite begins 
to break down at about 150° ; and at the beginning, the reaction 2S205"-^S30(j" 
+SO4" (i) occurs ; with rising temp, less and less trithionate is formed, and is no 
longer recognizable at 220°. The aq. soln. of the yellow product form a colourless 
soln. of trithionate. With a rise of temp, above 150°, the reaction 3S205""->S203" 
+2S04"+2S02 (ii) sets in, and above 250°, this is the main reaction. The reaction 
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Fig. 72, — Solubility of Potas- 
sium Pyrosulphite. 


S205"^S03"+S02 (iii) sets in above 200° ; if the 
partial press, of the sulphur dioxide is low the heat 
of the reaction is: K2SO3+SO2— 1^28205+26*8 
Cals, at 220°, and the dissociation press. ^ is log p 
=:~25800/4*57ir+l*75 log T+3-3. There is also 
a series of consecutive reactions : S30(j"~>S04" 
+SO2+S (iv) which set in as soon as the cone, of 
the trithionate reaches a certain limit, and vanishes 
before all the pyrosulphite has decomposed. The 
higher the temp., the less the proportion of S3O6". 
There is also the reaction 2S203"+S02->2S04+3S 
(v), which is the more marked the higher the partial 
press, of the sulphur dioxide ; and the higher the temp. 
At 220° in a closed vessel, or from 250° to 440° this reaction completes the decom- 
position of the pyrosulphite. Both the reactions : '4S203''->3S04"4-S6' (vi) and 
4S03"-^3S04"-fS" (vii), or thesummated reaction: 2S265"-»2S04''-f S-I-SO2 (viii) 
occur. Eeaction (vi) appears above 400°, provided the temp, is attained before 
all the thiosulphate has decomposed by (v). The reaction (vii) has a perceptible 
velocity at 550°. The thermal decomposition of sodium pyrosulphite is similar, 
mt the proportions of the different products are different. The heat of dissociation : 
Na2S205^Na2S03+S02, is smaller than is the case with the potassium salt, and 
the dissociation press, is therefore greater. M. Berthelot gave 184-7 Cals, for the 
heat of formation from its elements ; and 19-20 Cals, from 2 mols each of sulphur 
dioxide and. potassium hydroxide in ac|_. soln. at 13° ; while the heat of soln. in dil. 
potash-lye is 15*20 Cals, at 13°. A. Lumi^re and A. Seyewetz found that the 
moist salt does not change much in moist air, and that the dil. soln. is oxidized 
twenty times more slowly than the corresponding sodium salt. A. Rohrig 
obsewed that the salt smells of sulphur dioxide when it is rubbed in a mortar, 
and that the powder loses sulphur dioxide in vacuo. F. Forster and co-workers 
mund tbe solubility of potassium pyxosulphate, in grams per 100 grms. of soln.. 
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Tlio eutectic tern]), for the anhydrous salt is -5-5°, and for the ditritahydrate, 
_6-7°. The transition temp, is near 4.-0°. Bot-ween —4° and +4° potassium 
tetrahydrosulphitopyrosulphite, K 2 S 2 O 5 . 4 KHSO 4 . crystallizes out of the soln. 
Cryoscopic observations show that the pyrosuljjhites are hydrolyzed in aq. soln., 
S 205 ^^~ 1 “H 20 ~ 2 HS 03 . The salt is slowly dissolved by water, and by alcohol, 
but is insoluble in ether. 
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§ 27- Sulphur Trioxide 

The seventeenth-century writer, Basil Valentine,^ said that when calcined 
copper vitriol is heated in a retort with a receiver, there first appears a white spirit 
which is mercurius philosophorum, and this is followed by a red spirit which is 
sulphur philosophorum. Albertus Magnus, in the twelfth century, said that sulphur 
philosophorum is not true sulphur, but is rather the spirit of vitriol — scilicet est 
spirilus vitreoli romani. In the seventeenth century, also, N. Leinery obtained the 
white spirit by heating iron vitriol, and the term sal philosophorum — philosopher’s 
salt — came to be applied to the white sublimate as distinguished from the oily 
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liquid oleum sulphufis, tiiat is, sulpliuric acid — vide infya^ ^ lu 1 775, J. C. Berii.haxdt 
described the preparation of the white sublimate by heating fuming sulphuric aoid, 
and he called it sal volatile olei vitriolL The white mass obtained as a sublimate 
when fuming sulphuric acid is heated was called oleujti glaciate vltvioVi^ and regarded 
by J. C. Dollfus, and A. F. de Fourcroy as a compound of sulphuric acid with 
sulphur dioxide ; by J. J. Winterl, as a compound with oxygen ; and by F. C. Vogel, 
as sulphuric acid associated with very little water and a small, unweighablc quantity 
of a spirit or principle. The nature of this product wms (hun, on skated by 
J. W. Dobereiner, C. G. Gmelin, A. Urc, A. Bossy, C, W. S(‘.hoele, and L. E. G. de 
Morveau ; and the composition, by the work of A. L. Lavoisier, J. J. Berzelius, 

J. B. Bichter, C. L. Geoffrey, L. B..G. de Morveau, M. H. Kla})roth, (t F. Bucholz, 
C. L. BerthoUet, E. Weber, etc. The results show that the sal volatile olei vitrioU 
is sulphur trioxide, SO3. 

The formation and preparation of sulphur trioidde.— The formation of a small 
proportion — about 2 per cent. — of sulphur trioxide during the combustion of sulphur 
in air was observed by G. Lunge,- J. H. Kastle and J. S. McHargue, W. Hempcl, 
etc. ; and H. Giran observed that the proportion of sulphur trioxidc formed increases 
as the press, is raised, Fig. 32 — vide supra, the combustion of sulphur. 

E. G. W. Norrish and E. K. Eideal observed that the formation of trioxide 
becomes appreciable at 305°, and increases rapidly as the temp, is raised. The 
formation of sulphur trioxide along with the dioxide, during the roasting of pyrites, 
was discussed by A. Scheurer-Kestner, F. Wohler, G. Lunge and h\ Salathc, 

F. Bode, and F. Muck. The sulphur in coal-gas was shown by W. 0. Young, 

G. Heisch, M. Dennstedt and C. Ahrens, and G. W. Wigner to be largely cotivertcd 
into the trioxide as the gas burns — vide supra, the combustion of sulphur. 

As previously indicated, sulphur trioxide is a product of the decomposition of 
sulphur dioxide by heat, light, or electric sparks. H. Buff and A . W. Hofmann ® 
observed that the trioxide is formed when a mixture of sulphur dioxide with half 
its vol. of oxygen, is exposed to the spark discharge, and E. de Wilde, and 
‘M. Poliakoff obtained a similar result with the silent discharge. H. St. 0. Deville 
said that a state of equilibrium is established which prevents the comph^-tion of the 
reaction, but if the sulphur trioxide be removed as fast as it is formed, by absorption 
in cone, sulphuric acid, the reaction can be completed. M. Bertbelot said that 
some sulphur heptoxide is produced at the same time— supra, the oxidation of 
sulphur dioxide for the formation of sulphur trioxide by the action of light, and 
various agents on mixtures of oxygen and sulphur dioxide. I. Guar(‘schi obtained 
vortex rings of sulphur trioxide from fuming sulphuric acid and air. 

In 1831, P. Phillips ^ said : “ I do affirm that an instantaneous union of 
sulphur dioxide and oxygen of the air can be effected by .passing a mixture of sulphur 
dioxide with a sufficient supply of air through tubes containing finely-divided 
platinum, heated to a strong yellow heat."’ Shortly afterwards, G. Magnus ob- 
served that a mixture of sulphur dioxide with half its vol. of oxygen is gradually 
condensed to sulphuric acid in the presence of water, but much more quickly in 
the presence of heated platinum, particularly of the spongy variety. He also 
observed that some trioxide is formed when the mixed gases are passed through a 
tube containing broken glass at a dull red-heat. J. W. Dobereiner also observed 
the condensation of the gaseous mixture to fuming sulphuric acid by hygroscopically 
moist platinum black. In 184:6, J. T. Jullion recommended asbestos covered or 
coated with platimnn or other catalytic or contact substance heated to 20®“480^ 
for various catalytic reactions, but not specifically for oxidizing sulphur dioxide 
by air. J . 0. Schneider made a working model of an apparatus for oxidizing sulphur 
dioxide and subsequently converting the trioxide into sulphuric acid. The process 
was reported upon by A. Payen — co-operating with J. B. A. Dumas, aiid J. Pclouzc. 
F. Wohler, and F. Malila observed that the oxides of chroraiiini and copper, at a 
dull red-heat, oxidized sulphur dioxide mixed with air to form sulphur kioxide. 
The contact catalyst employed is not Icnown. Many contact agents other than 
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platinum were proposed. K. Laming, for instance, impregnated pumice with 
manganese dioxide ; C. Blondeau, argillaceous and presumahlj ferruginous sand ; 
T. von Artner, a ceramic body ; W. Hunt, silica ; H. G. C. Fairweather, zeolites 
impregnated with a metal oxide ; A. M. G. Sebillot, heated pumice-stone ; G* Eobb, 
pyrites-cinders ; W. H. Thornthwaite, and B. Lambert, iron and chromium oxides ; 
A. Trueman, and A. E. Sclimcrsahl and J. A. Bouck proposed several other oxides ; 
and H. W. Deacon, co[)pcr sulphate. 

The reaction is symbolized 2802+^2^^^03 and it is reversible, and exothermal 
from left to right/. This means that as the tenij). is raised there will be a tendency 
to absorb heat, and this can occur only by the dissociation of the txioxide. Hence, 
the higher the temp, the worse the yield of sulphur trioxide. The greater the 
activity of the catalyst the greater the yield because its working temp, is lower. 
The value of the equilibrium constant Kc will therefore be [S02P[02]==A^[B03P 
when the cone, are expressed in mols per litre. At temp, in the vicinity of 727°, 
the initial and final values of the ratios 2SO2 : O2 : N2 are indicated in Table V. 


TABLifl V. — Eqxjilibbium Conjditiohs in the System; 2S02-1-*02^2S03. 


. Initial. 

Mnal (Mols X 10^). 








Per cent. 

EcXlO^. 

2SO2 : O2 : Ka. 

SO2. 

SO3. 

O2. 

Conversion. 

0-21 : 1 : 0 . 

:3i-9 

47-0 

163 

69-6 

34-9 

0*64 : 1 : 0 . 

199 

230 

248 

53-6 

3-51 

0-62 : 1 : 0 . 

15-9 

17-5 

18-2 

52-2 

3-59 

1-14: 1 rO . 

218 

174 

85-8 

44*4 

3-44 

1-20 : 1 : 0 . 

369 

287 

130 

43*7 

3-48 

1*32 : 1 : 0 . 

260 

192 

88*7 

42-3 

3167 

1-68: 1:0. 

388 

230 

69*8 

37*2 

3-50 

3-97 :};(). 

:}79 

99-5 

10*5 

20-8 

3-67 

1-23 ; 1 : 3-7(5 

91*2 

50-0 

32*6 

35-3 

3-62 

1-31 : 1 : 3*7(3 

339 

176 

109 

34-1 

3*54 

1*65 : 1 : 3-7(5 

337 

161 

80*4 

! 32-3 

1 

1 

3-52 


M. Boden stein and E. Pohl represented their results at T° X., by log^ Kc 
=— 10373 J*™!— 2-222 log^ r+14-585. When the cone, is expressed in partial press., 
where Kc at 400° is 7-81xl0“8, and E:^=4-32 X 10~^ 
F. Pollitzer gave log A'^=:.9430r"~i— 1-75 log r-34. F. Haber proposed the form 
for the equilibrium relation so as to give more convenient 
values for the equilibrium constant. If a denotes the initial percentage amount of 
sulphur dioxide by voL ; h, that of oxygen ; and x, the amount of oxidation, then, 
when equilibrium is attained, ^ax vol. of oxygen will have disappeared, and the 
partial press, will be — a?)/(100 — ^ 

j3O2===(6.--.|a£c)/(100— 4ua?), so that the equilibrium relation takes the form: 

X / b—iax i 
^P^r^\l00-iax) 

The values of hp obtained by G. Bodlander • and K. Koppen, with those of 
E. Knietsch (in brackets), are as follow : 

450 “ 500 “ 615 ® 553 " 000 “ 010 “ 700 ® 800 “ 900 “ 

Jcp : (187-7) (72-3) 65*4 28-4 (14*9) 10-G 4-84 1*81 0-57 

M. Bodenstein’s values for Jcp, and for Qp Cals, calculated from the equation 
d(log, Kp)/dT^Qp.l2ET^ are: 

628 “ 679 “ 627 “ 680 “ 727 * 780 “ 832 “ 987 “ 

Jcp . . 31*3 13*8 6-54 3-24 1-86 0-956 0*627 0-358 

<3 . . 22-8(600°) 22-6(800°) 
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M. Bodenstein and R. PoW’s results can be re 2 :)resentcd by the expression 
logio = 5186-5T-1 -f 0*611 log T— 6-T497 ; F. Haber suggested log^ hp 
=4747*3T~i — 20*4 on tbe assumption that the heat ol the reaction is constant. 
In order to make the values calculated from F. Haber’s equation harmonize with 
those from M. Bodenstein and R. Pohl’s equation, it is necessary to increase 

F, Haber’s values of T by 9 units at 400®, 5 units at 520°, and by 2 imits at 600°. 
There is a fair agreement between the values of 7cp obtained by R. Knietsch and by 

G. Bodlander and K. von Koppen ; but not with those of M. Bodenstein and 
E. Pohl. Some measurements were also made by R. Lucas, A. Gcitz, C. G. Fink, 
D. Alexeelf, and W. K. Lewis and E. D. Ries. A. F. Benton discussed the kinetics 
of reactions in flow systems. R, Kranendick observed that the rate of decom- 
position of sulphur trioxide at 859° gave a velocity constant Jc in harmony with a 
termolecular reaction dOldt—JcC^, but not with a bi- or uni-molecular reaction. 

Three vols. of the mixed gases furnish two vols. of the trioxide ; pressure tends 
to make the vol. smaller, and as the system adjusts itself to the increased press, 
it has a tendency to form more sulphur tiioxide. In practice, the increased yield 
obtained by increasing the press, is not sufficient to make the extra cost worth 
while. R. Knietsch showed that an increase of press, and dilution with inert 
gases act in opposite directions. Thus, at 430° with a mixture of 7*21, 10*44, and 
82*35 per cent, of sulphur dioxide, oxygen, and nitrogen respectively, there was a 
98*9 per cent, conversion at atm. press, and a 99*50 per cent, conversion at 5*3 atm. 
press. At 490°, with a mixture of 6*60, 11*30, and 82*10 per cent, of sulphur 
dioxide, oxygen, and nitrogen, the per cent, conversion at atm. press, was 93*80, 
and at 0*31 atm. press., 90*85 per cent. R. Frank proposed working the contact 
process under a press, of 100 atm. 

R. Knietsch measured the rate of oxidation of sulphur dioxide by passing the 
mixed gases at different speeds, V litres per minute, over 0*5 grm. of the platinum 
catalyst, and expressed the result in grams of sulphur dioxide converted per minute 
per gram of platinum ; 



410 “ 

430 “ 

450 “ 

480 “ 

515 “ 

F . . . . 

0*3 

1*0 

2-5 

7-5 

20*0 

Conversion . 

100 

97-6 

94 

87'5 

7-3 por cout. 

Grams SOo converted . 

0-15 

0*37 

0*90 

2-5 

5*6 


This shows that the catalytic activity or the rate of conversion increases more and 
more rapidly as the temp, rises ; but the percentage conversion falls more rapidly. 
The curves. Fig. 73, show that as the temp, rises, the percentage conversion rises 
rapidly at first, then reaches a maximum, and the curve then takes a downward 
slope towards the region of higher temp. The right-hand branches of the curves 



Temperdti/re ^ikdwJCy of or 

time ofcorrtACt 


Fig. 73. The Eelation be- Fig. 74. — ^Eelation between 
tween Temperature and Conversion and' Times of 
the Rate of Oxidation. Reaction at various Tem- 

peratures. 

lie close together, showing that the percentage conversion thus becomes more and 
more dependent on temp., and less on the relative weights of 'gas and catalyst ; 
the speed of conversion is so high that the results are nearly all the same. At 
these high temp, there is a large excess of catalytic activity. The curves, Fig. 74, 
by R. Knietsch, represent the relation between the amount of platinum or the 
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time of contact with a constant quantii-y of platinnm. They show the time 
required to obtain a certain percentage conversion at a given temp. 

The intermediate compound theory is a convenient way of explaining the action 
of catalytic agents — vide 1. 8, 6 — but it does not work so well with platinum. As 
indicated in connection with sulphur dioxide, H. Wieland found that palladium 
black, in the absence of oxygen, will oxidize moist sulphur dioxide ; whilst traces 
of water are necessary for the reaction between oxygen and sulphur dioxide. It 
has therefore been suggested that in the catalysis of the oxidation process, the 
water is alternately reduced and re-formed by the cyclic reacjions SO^+HoO 
=S 03 -!-Ho, and 2IIi2-|-02=2Ho0. (J. Engler and L. Wohler supposed that a tran- 

sient platinum oxide acts as a carrier of oxygen — at first, it was supposed that 
platinum dioxide is formed, and later, platinum monoxide. L. Wohler, how- 
ever, showed that platinum monoxide is reduced to the metal hy sulphur dioxide 
before the oxidation of the sulphur dioxide has well begun ; and that the catalytic 
action of the platinum oxide is only about one-fifth of that of the metal. L. Duparc 
and co-workers inferred that in the oxidation of sulphur dioxide, with rhodium or 
platinum as catalyst, intermediate compounds of oxygen with the catalyst are 
formed. M. Bodenstein argued that no oxide whose formation is endothermic 
can act as intermediate oxide ; a platinum oxide may be formed and dissolve in 
the platinum, and the sulphur dioxide may dissolve in the metal. The function 
of the catalyst is then to form a solid soln. in which the reaction proceeds. 

MeaKSurements of the velocity, made by M. Bodenstein and C. G-. Rink, showed 
that the reaction did not proceed as a termolecular gas reaction might be expected to 
do ; but at the moment t, the speed was directly proportional to the amount of 
dioxide present in the system, and inversely proportional to the sq. root of the 
amount of trioxide formed, that is, dxldt=k{a—x)x~^^. At 248°, the cone, of the 
oxygen had no appreciable influence within very wide limits ; but if less oxygen 
was present than is represented by the ratio 2 SO 2 • f value of h was no longer 
constant, and the rate of the reaction became abnormally slow. It is assumed 
that the trioxide formed accumulates on the surface of the platinum by adsorp- 
tion, and the reacting gases have to penetrate this layer before they can react ; 
and, since the amount of a substance adsorbed depends on the cone., the higher 
the cone, of the trioxide the greater its retarding effect on the reaction. This is 
in accord with the observed results. The temp, coeff. of the reaction is about 
1*22 for every 10° ; and the coeff. is usually of the same order for reactions 
in soln. catalyzed by colloidal metals, but for reactions in soln. the speed of the 
reaction is nearly doubled for every 10° rise of temp. It is therefore assumed that 
reactions catalyzed at a platinum surface are retarded by some factor not present 
with reactions in soln. This factor is not adsorption, because adsorption is an 
instantaneous process ; rather is the retardation caused by the diffusion of the 
gases through the adsorbed layer on the surface of the catalyst. The temp, coeff. 
of diffusion processes is usually much lower than the value for typical chemical 
reactions. According to this hypothesis, the catalytic activity of platinum is attri- 
buted to the adsorption of the reacting gases into the body of the metal, or to the 
reaction taking place in the condensed layer formed on the surface of the metal. 
In some cases of catalysis — e.g. the oxidation of ammonia — C. S. Imison and 
W. Russell showed that there is a drastic pitting and sprouting over the whole 
surface. 

The destruction of the catalytic activity by the overheating of the catalyst 
is a result of the almost complete suppression of the power of adsorption. The 
state of the surface of the catalyst, therefore, determines the extent and accessibility 
of the reacting gases. The various methods of preparing catalysts arc usually 
directed towards making the adsorbing surface as large as possible. They range 
from mechanical comminution to the deposition of the cataly-st in an extreme state 
of subdivision on a more or less porous, inactive support. J. T. Jullion recom- 
mended asbestos as a carrier for the platinum in various catalytic reactions, although 
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not specifically for oxidizing sulpLur dioxide. The long-fibred asbestos, well teased 
out, has given good service in industrial plants lasting from ten to a dozen years. 
R. Piiia used calcined quartz and also pumice-stone as carrier for platinum ; and 
H. N. Holmes and co-workers, silica gel. Magnesium sulphate was recommended 
by M. Schroder, and the Badische Anihn- und Sodafabrik recommended using oxide 
of iron, copper, or chromium as a carrier for platiuurn. C. Ellis recommended 
mixing platinum with an oxide, one 'which is capable of al)s()rbiTig a large volume of 
sulphur dioxide at 450'^-540‘^. 

About 1875, W. S. Squire, and R. Messel used platinized pumice as the catalytic 
agent for the oxidation of sulphur dioxide, and they noticed that the catalyst 
gradually lost its activity owing to the accumulation on it of such impurities as 
flue-dust, when gases from the roasting of sulphides, etc., were used. R. Knietsch 
showed that arsenic in the burner gas was the most harmful of the impurities. It 
acts hy permanently destroying the efficiency of piatinuih as a catalyst ; and once 
the platinum is contaminated seriously, it has to be recovered and the arsenic 
separated. E. B. Maxi}ed and A. N. Dunsby studied the poisoning of the catalyst 
by arsenic ; and the retarding effect is proportional to the concentration of the 
arsenic per gram of platinum : 

Arsenic . 0 0-00071 0*00143 0*00214 0*0050 0*0079 0 0286 grm. 

SOa oxidized . 15*13 12-17 8-53 6-77 6-15 5*60 4-03 per cent. 

R. Knietsch found that other substances have a deleterious action — e.g, antimony, 
chlorine, iodine, hydrogen chloride, silicon tetrafluoride, selenium, tellurium, 
sulphur, lead sulphate, etc. There are two ways in which these injurious agents 
can act on the platinum. There is first the mechanical action hy the deposition of 
solid matter on the catalyst which renders the platinum more difficult of access to 
the reacting gases. There is also what is now known as a specific poisoning action 
owing to which the catalyst becomes inactive. The action of arsenic, antimony, 
tellurium, selenium is J)ermanent and specific ; the action of chlorine and hydrogen 
chloride is temporary and specific ; while the other substances act mechanically. 
C. Opl supposed that the specific, poisoning action of arsenic is due to the formation 
of a glassy film of arsenic sulphite on the surface ; while M. Bodenstein and 
C. G. Fink suggest that the inactivity may be due to the decreased adsorption of 
gases on the surface of the catalyst. E. J. Russell and N. Smith showed that if 
the gases be thoroughly dried with phosphorus pentoxide, the reaction is so slow 
that only a slight change was observed after 24 hrs.’ contact with platinum at 400*^- 
450*^. R. Emietsch observed that at 460°, mixtures with 7*2 and 6-6 per cent, of 
sulphur dioxide containing respectively 13*5 and 26*7 per cent, of water-vapour 
showed a respectively 96*4 and 96-8 per cent, oxidation. C. L. Reese also observed 
but little effect when tried on a small scale. On a large scale, however, all are 
agreed that the effect of steam is injurious. The subject was also discussed by 
F. Meyer, G. C. Stone, and G. Lunge and 6. P. Pollitt. 

E. Schwarz and M. Klingenfuss said that X-rays activate the platinum used 
as catalyst in the oxidation of sulphur dioxide, and so increase the yield of 
trioxide. At 400° the yield of sulphur trioxide is increased from 94*6 to 95*9 per 
cent., and at 260° from 35 to 51 per cent., after treatment of the platinum 
catalyst. The activation is not permanent, but gradually decreases, and has 
practically disappeared after the catalyst has been in use for 24 hrs. The 
phenomenon is probably due to the decomposition of small amounts of water with 
the production of a specially active oxygen on the platinum surface. G. L. Clark 
and co-workers showed that X-rays do not activate the platinum catalyst in the 
oxidation of sulphur dioxide when* it is exposed to the radiation in dry air ; but 
in a moist atm. containing 0*013 part of water per 1 part of dry air, it was activated, 
and an increase in conversion obtained over the first period of use. The activity 
then feh to a minimum, and finally returned to its norilial value before irradiation. 
Subsequent irradiation gave less activation and a slower return to the normal. 
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decreased ellect of X-uays after ilic first exposure is regarded as fieiiig due to 
tfie building up of a film of sulphuric acid wliich is not easily ionized by the radia- 
tion. R. G. Y. de Sotto x>roposed to activate the gases by exposing them to radium 
rays or ultra-violet light. J. E. ]\Iaisiti found that in the oxidation of sulphur 
dioxide exposed to the a-particles from radium, sulphur trioxide is the principal 
product; no persiilphuric anhydride was observed. The ratio of the number of 
molecules disappearing from the gaseous phase to the number of ions produced is 
about 1-5. Assuming that the reaction proceeds : ' 2 vS 02 + 02 — 2 S 03 , this means 
that each x^air of ions produces a mol. of sulphur trioxide. 

The catalytic action of platinum for the oxidation of sulphur dioxide was found 
by L. Wohler and co-workers to he much superior to both palladium and iridium. 
With 10 grins, of catalytic mass containing L4-l*5 per cent, of metal, and a mixture 
of one x^art of sulphur dioxide with 2-5 x>aTts of air passing at the rate of 176-179 
c.c. per minute, they found that the possible and observed conversions at different 
temp, were : 

450“ 

{ possible . . .96 

(platinum . 96-2 

obser\^ed< iridium . 27-0 

( palladium . 0*5 

If the rate of passage of the mixed gas be augmented, the lower activities of iridium 
and palladium are accentuated. P. Wenger and C. Urfer also found rhodium to 
be inferior to platinum. According to G. R. Levi and M. Faldini, the presence of 
10 per cent, of either of these metals in the xolatinuni used in the catalytic prepara- 
tion of sulphur trioxide from dioxide and air causes a marked diminution in the 
yield, x^robably owing to the ability of rhodium and iridium to form moderately 
stable oxides, especially sesquioxides ; osmium produces a similar but less i)ro- 
nounced elfcet, whereas palladium or ruthenium in the same proportion increases 
the yield. A, Classen patented the use of ferrocliromium, ferrovanadium, ferro- 
inolybdenum, ferrosilicon-manganese, and ferrosilicon-aliiininiimi ; these alloys 
were found to be superior to manganese and tungsten. P. A. Fahrenwald said 
that alloys of silver or gold with platinum or molybdenum are active enough to be 
of technical importance. The Ellis Forster Co. proposed the use of mixtures of 
selenium and tellurium as catalytic agents. 

The use of ferric oxide has x>layed an imx)ortant x'>a'Tt in the manufacture of 
sulx>hiir trioxide by the contact process ; it is much inferior to platinum. Thus, 
R. Knictsch found that at about 550°, when 0*5 grm. of platinum is converting 30 
litres of gas x'>cr minute to the extent of about 70 x^er cent., a much larger amount 
of ferric oxide can convert only half a litre of gas per minute to the extent of 46 per 
cent. The use of ferric oxide as a catalytic agent was investigated by G. Lunge 
and co-workers. They found that the' percentage conversion was not mxich affected 
by changing the concentration from 2 to 12 per cent., hut with higher concentra- 
tions the yield was reduced. Tlie mixture of gases should be dried by cone, 
sulphuric acid. If moisture be present, the activity of the catalyst is reduced ; 
the moisture adsorbed when ferric oxide is exposed to air also renders the catalyst 
less active. The more intense drying by phosphorus pentoxide was shown by 
E. J, Russell and N. Smith, and F. W. Kiister to be harmful. The addition of cox>x>ex 
oxide was found to he favourable to the conversioii. Any arsenic trioxide present 
in the sulphur dioxide, produced, say, by the. roasting of x>yritcs, is retained by the 
heated ferric oxide, and the presence of the arsenic oxide makes the catalyst more 
efficient. A 70 x'x^r cent, yield could be obtained at 625° by the use of ferric arsenate 
as a catalyst ; and arsenic x^entoxide alone acts as a catalyst with an optimum 
temp, of 67r>^\ The so-called promoter action or the activation of catalysts was 
studied ])y R. N. Pease and TT. S. Taylor. E. Rerl, and Tv. Reinhardt studied the 
activity ot arsenic x^entoxido as a catalyst, and found it to be comparable with that 
of ferric oxide or of vanadium oxide. The action of ferric oxid<^ as a catalyst is 
VUb. X. z 


550’ 

650“ 

750“ 

80 

56 

32 

79*9 

47*9 

21*6 

67*1 

42*8 

19*2 

2:^4: 

40 0 

22-5 
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perceptible at 400^-^ ; below 600'^ tlic ferric oxide lias only a slight activity, and 
above 62U^ the activity decreasinl. The optimum temp, is between 600° and 
<>20° ; and ’there is then approximately a 70 per cent. eonv<‘rsion. In practice, 
howiwer, a conversion of 40 per cent, witli a Inirner gas containing 5~-7 per cent, 
of sulphur dioxide is considered to he a good r(‘sult ; but, according to F. Haber, 
it is doubtful if the equilibrium vicld has ever been attained b(‘caai.s(‘ a Jong contact 
with the catalyst is needed for equiiilirimn. G. Kepixder and d, (PAns found the 
optinmiu temp, to be 629° for a mixture containing 2 ])er cent^ of SO^, and there 
was a 72-5 per cent, viold ; with 3 per cent. 80^, the ojitimum temp, was 640° ; 
with 4 per cent., 650°^; and with 7 per cent., 6t)5'h Tiu^ yields in the last two cases 
were respectively 65*0 and 53*2 per cent. A number of attmupts hav(>- been made 
to improve the catalytic activity of ferric oxid(\ Tlm&, K. Albert heated a mixture 
of ferric oxide with oxide of barium or strontium. The catalysis begins at 400°, 
and gives a 94 per cent, conversion at 450° ; nor is the jiroduct so sensitive to 
moisture as ferric oxide alone. 

The catalytic action of ferric oxide has been ex})laine(l by asRiiming that ferric 
sulphate or a basic ferric sulphate is alternately formed and decom])oscd, since 
ferric sulphate decomposes in the same temp, raiigm as ferric oxide is active as a 
catalyst: 2Feo03+6S02+302=2FCi>(S04)3 ; Fe^Oa + ^hSOji. 0. Kop- 

peler and J. d’Ans measured the partial press, of the trioxidc produced by the 
dissociation of ferric sulphate. Ferric oxide begins to absorb both sulphur dioxide 
and oxygen at 230°, and is rapid enough at 500° to enable tlie equilibrium conditions 
to be determined. It was shown that the cone, of the sulplnir ^trioxide is always 
higher than that corresponding with tlie equilibrium valu(‘ for the dissociating 
ferric sulphate ; this means that sulphur trioxide forms lirst and combines after- 
wards. Below 640°, the rate of formation of the trioxidc* is far greater than tlio 
rate of formation of the sulphate ; and sulplmr dioxide does not acb on ferric oxide 
below 600°, and at higher temp., the reaction is very slow. On tlui! other hand, 
the gas is adsorbed by the ferric oxide to about the same oxtcuit as with platinum. 
Hence, they concluded that the chemical transformation of ferric oxide to a sulphate 
has very little to do with its catalytic action. It was therefore assumed that the 
catalytic activity of ferric oxide is connected with adsorption as in the analogous 
case with i)la-tinum. F. Wohler and co-workers, and W. Pluddcmann and co- 
workers found that the catal 3 ? 1 ;ic activities of the oxides of iron, chromium, copper, 
aluminium, cerium, thorium, silicon, and titanium arc proportional to their capaci- 
ties for adsorption. E. Berl arrived at a similar conclusion with resx)ect to the 
catalytic activity of arsenic pentoxide. K. Reinhardt also studied the catalytic 
activities of ferric, arsenic, and copper oxides, and of glass, porcelain, and quartz 
on the oxidation of sulphur dioxide by air. 

The use of chromium oxide as a catalyst was examined by F, Wohler, and 
F. Mahla in 1852 ; and it was the subject of a patent by A. 0. Matignon and fellow- 
workers in 1908. The oxide is to be made porous by calcining a compound like 
ammonimn dichromate, chromium nitrate, or chromium oxide mixed with some 
substance from which a gas is evolved — e,g. antimony trichloride or stannic chloride. 
The temp, required with chromium oxide ranges from 420° to 630°* l^atents .werc 
also obtained by the Ellis Forster Co., and B. Lambert. ^ 

A number of patents have been obtained for the use of vanadium, oxide as a 
eata]>i:ic agent, in the hope of obtaining a catalyst insensible to arsenical poison- 
ing.' The Hdehst Co. claimed a 84 per cent, conversion at 465° with asbestos 
impregnated with ammonium vanadate and ignited. The Badische Anilin- imd 
Sodafabrik obtained a number of patents for the use of vanadium jicntoxidc on an 
indi:Kerent carrier — say pumice-stone. The General Chemical Co. impregnated 
Ideselguhr ; W. A. Patrick and E. B. Miller, A. O. Jager, silica gel with colloidal 
metals — ^Pt, Fe, Ag, Cu, Co — or nickel vanadate ; and A. 0. Jiiger and 
J. A. Bertscli, zeolites with the vanadate. TItc Conklelmi ( * 0 . used iron vanadates ; 
L. h. Nickell, vanadiuiirsilicatcs ; and tlic F. Bayer Co., silver vana(lai(\ ft is saitl 
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that silver or silver oxide alone has very little action ; and that the vanadates of 
copper, cobalt, manganese, and of several other metals are less active than vanadium 
pentoxide. It is therefore remarkable that silver vanadate should give a theo- 
retical conversion at 520°. The presence of sodium or potassium salts is said by the 
Badische Anilin- und Sodafahrik to protect the catalyst from deterioration. The 
Selden Co. found that vanadium pentoxide operates most efficiently as an oxidizing 
catalyst if it has been previously heated to 500° so as to make it denser and 
more crystalline, or even melted at about 660°. According to P. W. Kiister, 
platinum, vanadium pentoxide, and ferric oxide induce for equal temp, the same 
state of equilibrium between sulphur dioxide, oxygen, and sulphur trioxide. 
Platinum is the most effective of the three catalysts mentioned, and is the only one of 
technical importance. Water has considerable infiuence on the catalytic activity of 
ferric oxide and vanadium pentoxide. Vanadium pentoxide is not so sensitive as 
ferric oxide to the deleterious effects of arsenic trioxide. P. Farup recommended 
ilmenite as catalyst ; it is said to give better results than artificial mixtures of iron 
and titanium oxides. V. Hdlhing and H. Ditz recommended cerium oxide and 
mixtures of rare earths. R. Bohm said that heating the sulphates between T00° and 
1000° improves their activity. The Compagnie Parisienne de Conleurs d' Aniline 
recommended asbestos soaked in phosphoric acid ; and M. Bonhard and M. Loyer, 
oxides of metals of the tantalum group. L, Wolkoff observed that selenium accele- 
rates the oxidation of sulphur to sulphur trioxide. 

The history of the subject has been discussed by F. Winteler, the Badische 
Anilin- und Sodafabyik, R. Knietsch, W. Grillo, M. Feigensohn, R. Messel, F. B. Miles 
etc. Apparatus for demonstrating the reaction 2802+0.2=2803 has been devised, 
by C. Winkler, 6. B. Frankfoxter and F. C. Frary, W. R. Hodgkinson and 
F. K. Lowndes, J. Lang, etc. The efficiency of different catalysts was discussed by 
B. Neumann and co-workers. 

According to J. J. Berzelius, ^ if fuming sulphuric acid be heated in a retort 
with the neck dipping into a dry receiver, cooled with ice, sulphur trioxide first 
passes over ; and this is followed by its monohydrate, H2SO4, so that the receiver 
must be changed after a while. The retort is best heated from the sides to avoid 
bumping, or, according to G. Osann, a spirally wound platinum wire should dip 
in the acid. A. C. Schultz-Sellaek said that the product is contaminated with 
sulphur dioxide, which can he removed only by heating the trioxide for a long time. 
L. C. A. Barreswil, and H. 8. Evans prepared the trioxide by heating cone, sulphuric 
acid with phosphorus pentoxide ; and A. Nobel and G. Fehrenbach, by heating 
the cone, acid with cone, phosphoric acid, or by passing the vapour of sulphuric 
acid over a large surface of phosphoric acid. 

N. Lemery prepared the trioxide by the dry distiUation of ferric sulphate : 
Fe2(804)3=Fe203+3S03 ; T. Graham, by heating to redness antimony or bismuth 
sulphate in a retort ; and A. Schubert, and R. W. Hill, by heating sulphates ox 
hydrosulphates under reduced press. J. J. Berzelius, and P. G. Prelier heated to 
dull redness a mixture of 3 parts of dry sodium sulphate and 2 parts of cone, 
-sulphuric acid. When the mixture ceases to boil, it is cooled, pulverized, and 
then heated in a porcelain retort, when the trioxide is formed in brittle, tabular 
masses. W. Wolters obtained the trioxide by heating sodium pyrosulphate with 
anhydrous magnesium sulphate, or with cone, sulphuric acid : NaoS207+H2S04 
-: 2 NaHS 04 +S 03 . 

W. Odling and F. A. Abel obtained the trioxide by heating sulphuryl chloride 
with silver sulphate : Ag2S04-f-S02Cl2=2AgCl+2S03 or 802(804). 0, von Gruber 
treated lead chamber crystals with sulphur dioxide and dry air or oxygen. V. Rago- 
sine and P. Dworkowitsch obtained the trioxide from the sulphuric acid residues 
in the purification of naphtha by mixing it with a metal oxide ; heating the product 
until it solidifies ; and passing dry air over the solid residue at 300°-500°. R. W eher 
pixrifiexl the trioxide by ro]xeated distillation in a bent glass tube ; and warming 
it 6 or 7 hrs. over phos[)horiis peutoxuh* to remove, tlui hydrate. It is then heated 
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until it has almost all melted, and iho liquid ponnHi oil from ilio. poillons still 
reraaining solid. 

According to J. C. G. de Marignac/^ wdxcu sulphur trioxide is iiu4l(‘d at OS'" in 
a- sealed tiihc a portion of the compound does not fuse until the lemp. is raised to 
near 90^ If the liquid be frozen and again melted a still grc^atcr proportion remains 
s(.>lid above 18°. According to A. Sniits and P. Schocnmak<T, it iippcars that 
sulphur trioxide can exist in three modifications iso'>rieriqms-'-%]i(i ice-like form 
melts easily at about 16*8° at 158-5 mm. press. ; the incomj)](‘it4y dried, asbestos- 
like trioxide melts at 32*5° at 398 mm. mercury ])rcss. ; and the completely dried, 
ashestos-like trioxide, at 62*2° and 1743 mm. press.— wZc infra, Fig. 76. It is 
assumed that the difierence observed by A. Bussy, and (b F. Wach in the in.p. 
of sulphur trioxide — respectively 25° and 100° — is explained by the existence of 
these two allotropic varieties. The fusible variety or the ice-like form is now 
called a-sulphur trioxide, the incompletely dried, low-molting, asbostos-likc form, 
jS-snlphur trioxide ; and the thoroughly dried, high-melting, asbestos-like form, 
y-snlphur trioxide. These results were confirmed by A. (1. Scliultz-Sellack. On 
the other hand, E. Weber, and H. Kebs denied the cxishmeo of two forms, since, 
in the absence of moisture, they were unable to prcpoTc tlie ^-trioxido. The 
/3-form was obtained by H. Eebs by contact of molten a-trioxido with moist air; 
although G. Oddo said that it can he obtained by keeping the a-form in a molten 
c‘oiidition while protected from moisture, and he obtained difforent mol. wts. for 
the two fornivS when dissolved in phosphoryl chloride, hut D. M. Lichty could not 
confirin this, D. M. Lichty, and E. Schenck considered that ilie variation in the 
thermal expansion with temp. — vide iyfra — agreed with the existence of unusual 
changes in the nature of sulphur trioxide. A. Berthoud found that if moisture be 
rigorously excluded from the a-trioxide it does not form a second variety. Ho 
‘ said that the alleged ^-trioxide is probably a hydrated form of the trioxide whicli 
owes its existence to its containing not more than one mol of w^ater to 1000 mols 
of the trioxide. H. B. Baker observed that drying the a- and jS-forros of the trioxide 
for 20 years lowered the m.p. slightly. Again, M. le Blan(5 and (h Kuhle found that 
when sulphur trioxide is produced from sulphur dioxide and oxygen by exposure 
to light while imder reduced press., the gaseous trioxidc first formed gradually fur- 
nishes the solid trioxide. If solid sulphur trioxide be warmed to 17° part of it melts, 
and with a repetition, the proportion remaining solid above 17° contimially increases. 
Four modifications, a, 6, c, d, having vap. press, increasing in the order given, are 
described ; a, of m.p. 95°-100°, is obtained hv condensation of the va]). in the 
form of needles or delicate membranes ; h, m.p. 31°, is formed as a tough white 
mass by condensation at 0°, the generating vessel being at 6°“7° ; r, at l()-8° ; a,nd 
d, at a lower temp. Owing to the general instability of these modifications no 
separate vap. press, curves could be determined. These results w^ere discussed by 
A. Smits and co-workers. They studied the irregular behaviour of the trioxide with re- 
spect to its m.p. and vap. press. By drying the ice-form over phosphorus pentoxide, 
so that the velocity of transformation is small, after keeping it for 5G hrs. at 
18°, the vap. jKess. at 0° had diminished by 71*4 mm., and by distillation the vaj), 
press, could he changed continuously from an initial value of 207 mm. to a final value 
of 22 mm. at 0°. As the vap. press, diminished the initial m.p. first rose and then fell. 
All these difierent solid phases belong to the ice-form, since they give melting ranges 
falling on the continuous three-phase line corresponding with the equilibrium, 
solid-liquid-vapour, for a dissociable compound. This can be explained by A, Smit’s 
theory of allotropy by assuming that the system, sulphur trioxide, is composed of 
at least two difiexent kinds of molecules, a and /3, whicli not only change each into 
the other, but also form a dissociable compouml ajS. After intensive drying, 
equilibrium is reached only slowly. When behaving as a unary system, the ice- 
form of sulphur trioxide is a littie richer in the more volatile ])seudo-componenl; 
than the dissociable compound. A second metastabh" form, the low-melting 
a^ibestos form, and the stable or high-melting asbestos form, show similar pheno- 



SULPHUR 3^1 

mena. The theory was discussed hy G. N. Lewis, S. B. Mali, A. Smits and 
P. Schoenmaker, and J. W. Smith. 

According to A. Bussy, the liquid trioxide resembles sulphuric acid, and when 
pure it is colourless, hut is often coloured brown by organic matter. The liquid 
freezes to a mass of colourless, needle-like crystals when cooled below 15'^ ; ami, 
added R. Weber, if free from water, the crystals can be kept many years and 
remelted without leaving a solid residue. J. C, G. de Marignac said that if the 
crystals be melted a number of times, the m.p. gradually changes owing to the trans- 
formation of a- and )0-sulphur trioxide. The jS-foim occurs as an opaque, colour- 
less mass of needle-like crystals which has the appearance of asbestos. L. B. G. de 
I\Iorveau found that the specific gravity of ordinary solid sulphur trioxide is 1 PqdG 
at 13'" ; A. von Baumgartner, 1-975 ; H. L. Buf, l-90814~l-92il8 at 25^ ; 
J. 0. G. de Marignac, 1-9086 at 20° ; R. Weber, 1-940 at 16^ ; and R. Nasiiii, 
1*9365 at 20°. G. Oddo gave 1*97 for the sp. gr. of the j8-trioxide at 20". For 
the liquid, A. Bussy gave 1-97 at 20° ; and H. L. Bufi, 1-8101-1-81958 at 47"*, 
R. Schenck gave 1-914 at 11° ; 1-849’ at 35-3° ; 1-718 at 60-4° ; 1-626 at 78-3° ; 
1-617 at 80-3° ; and 1-529 at 100°. B. M. Lichty found for the sp: gr. referred to 
water at 4° : 


11-8’ 

15" 

20" 

-25" 

30" 

35® 

40" 

48' 

Sp. gr. . 1-0457 

1*9422 

1*9229 

1*9020 

1*8798 

1*8569 

1*8324 

1-7921 

A. Berthoud gave 

20^* 

25" 

30" 

35" 

40" 

45" 

50" 

55" 

Sp. gr, . 1'9255 

1*9040 

1^8819 

1-8588 

1*8335 

1-8090 

1*7812 

1*7552 

and for the density of the liquid, Bj, and of the 

98*74'" 130-5" 154*6" 182*6" 

vapour 

192*7" 

A*, 

205-3" 

212*1" 

214 3° 

Z), . . 1-541 

1*421 

1-326 

M82 

Mil 

1*006 

0*921 

O-OOl 

JD„ . . 0-023 

0'047 

0-071 

0-148 

0*194 

0*271 

0*333 

0-365 


The results are plotted in Fig. 75, and they show that at the critical temp., 218-3", 
the density is 0-633. E. Rabinowitsch gave 44-5 for the pioL vol. D. Balareff 
studied this subject. N. S. Kuxnakofi discussed 
the spatial relations of the atoms in sulphur 
trioxide. A. C. Schultz-Sellack found the vapour 
density to he 2-74-2-76 when the calculated value ^ 
for SO3 is 2*76 air unity. E. P. Perman found 
40*9 at 22*1° and 56*7 mm. press, hydrogen. 
unity ; 39-2 at 22-7° and 40-5 mm. ; and 40 at 
22-8° and 22-1 mm. press, when the theoretical 
value for SO3 is 40-03. G. Oddo and A. Casalino 
found that both forms gave the same vap. density. 

For the thermal dissociation of the trioxide Fig. 75. — ^The Law of Rectilinear 
vapour, vide sufra. G. Oddo observed that the Diameter, 

moleculax weight calculated from the efiect of the a-trioxide on the f.p. of 
phosphoryl chloride agrees with the formula SO3, but the j8-trioxide has a mol. 
wt. in agreement with Uichty, however, obtained a result in agreement 

with BO3 for both forms. G. Oddo and A. Casalino obtained results in agreement 
with SO3 for the one form and (803)2 for the other form from cryoscopic observa- 
tions of soln. in the complex compound SO3.2POCI3. A. Berthoud found the 
surface tension of the liquid trioxide at 19°, 44-9°, and 78° to be respectively 34*17, 
29-17, and 22*63 dynes per cm. ; and the mol. sudace energy^ a(Mv)^, respectively 
409-5, 370-2, and 303-9 ergs per cm. The corresponding constant averages 1-79 
between 19° and 78°. The coefi, is thus rather lower than the value 2-1 
characteristic of normal liquids, 

B. Schenck obtained 0-0023 for the coeff . of thermal expansion (cubical) between 
11-0° and 35-3° ; 0-0030 between 35-3° and 60-4° ; 0.0031 between 60*4° and 78-3° ; 
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and 0*0028 between 78*3^^ and 80'3'^, and 80-3*^ and iOO'"' i>. M Licld-y obtained 
for tbe coeff . /3 x 1 0^, 

11-8^ 15° 20° 23^ 30° 35° 40° 45° 4S° 

PxlO^ . 0*676 2*005 2*204 2-363 2*466 2*671 2*754 2 805 

for the range 11*8° to 35°, j3=0*002066 ; and for the range 25''~48°, ()*d026G5. 

R. Schenck said tkat the a-trioxide attains a constant voL at 35*3° ^^cry slowly 
whether approached from a higher or a lower temp. This is ascribed to tlie slow- 
ness of the molecular change. D. M. Lichty said that an unusual change does 
occur with the a-trioxide as its temp, rises this is shown by the rapid increase in 
its coefi. of expansion, and the consequent rapid decrease in its sp. gr. The most 
rapid change occurs between 15° and 20° ; and the successive increments show a 
decreasing value with rise of temp. A, Berthoud observed no marked irregularities 
for the coefi, of thermal expansion : 

20° 25° 30° 35° 40° 45° 50° 

jSxiO^ . 2-23 2*30 2*41 2*63 2*75 2*88 2*80 

J. 0. G. de Marignac gave 15°-18° for the melting point of the a-trioxide ; 
F. C. Vogel, 12°-19° ; N. W. Fischer, 22°-24° ; A. Bussy, 25° ; H. L. Buff, 29-5° ; 
H. Rehs, 14*8° ; R. Kuietsch, 17-7° ; D. M. Lichty, 16*79° ; and A. Berthoud, 
16*85°. J. C. G. de Marignac, and G. F. Wach gave 100° for the m.p. of the 
trioxide ; while G. Oddo said that it begins to decompose slowly at 50° and rapidly 
passes into the a-fonn at 100°. H. B. Baker found that suliohur trioxide, dried for 
20 years over phosphorus pentoxide, had a m.p. of 61*5°, and a-sulphur trioxide, 
15*5° ; while the corresponding values for material not specially dried were 50° 
and 14*4°. A. Smits and P. Schoenmaker gave 16*8° at 158*5 mm. press, for the 
m.p. or triple point of a-trioxide ; 32*5° at 398 mm. for the j8-trioxide ; and 62*2° 
at 1743 mm. for the y-trioxide. G. Oddo found that the ^-trioxidc begins to give 
off sulphur trioxide vapour at about 50° ; and J. C. G. de Marignac said that the 
a-tiioxide volatilizes very rapidly at 100°. A. C. Schultz-Sellack found the vapour 
pressure of the a-trioxide to he 200 mm. at 20°. A. Berthoud gave for the vap. 
press., p nun., 

24° 30*45° 36 6° 41*4° 42*2° 43*68° 45*4° 47*8° 

p . 240*5 352*0 500-0 643*7 678*0 726*5 793*8 887*2 

and the results can be represented by the curve log ^==10*17 — 2314^'“^. At higher 
temp., the vap. press., p atm., are : 

08*2° 134*5° 179*9° 192*6° 205*4 211-3 2UV0 218*3 

p . 9*2 18*7 43*9 55*2 66*9 73-5 80*4 84*0 

A. Smits and P. Schoenmaker found the vap. press., p mm., of liquid sulphur 
trioxide in internal equilibrium to be ; 

17*6° 25*3° 350° 49*75° 27*1° 65*4° 74*0° 80*9° 90*2° 

p . 166*4 270*4 460-7 977*2 1377*2 2041*0 2964*0 3986*5 5794*0 mm. 

For the ice- like solid, a-trioxide they gave 43-5 mm. at 0*15° ; 66-0 mm. at 5"* ; 
98*2 mm. at 10*2 ; and 1444 mm. at 15*5°. For ^-trioxide, they gave 33 mm. at 
0-2° ; 49*2 mm. at 5*1° ; 72*3 mm. at 10*1° ; 106*6 mm. at 15*0° ; 162*8 mm. at 
20*25° ; 230*1 mm. at 24*85° ; and 334*1 mm. at 30*3° ; and for the y-trioxide 
120 mm. at 30° ; 290 mm, at 40° ; and 650 mm. at 50°. In Fig. 76, BODE repre- 
sents the vap. press, curve of liquid sulphur trioxide in equilibrium : AB, the 
yap. press, of the ice-like a-trioxide in inner ” equilibrium ; A'G, the vap. press, 
line of the low-melting, ashestos-iike j8-txioxide in ‘‘ inner ” equilibrium ; and A"D, 
the vap. press, line of the high-melting, asbestos-like y-trioxide. B denotes the m.p. 
of the a-trioxide ; C, that of the ^-trioxide ; and D, that of the y-trioxide. The 
enwe egB represents the vap. press, of the pseudo-system for the coexistence of 
mixed crystals containing a-trioxide ; gJiC, for the pseudo-system containing 
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^-trioxide ; and liBh, for tlie pseudo-system contaiuiiig y-trioxide. Tlic X-radio- 
giams of tlie difiereut forms were found by A. Smits and P. Schoenmaker to be 
identical, indicating that the X-rays quickly transfer the metastable forms into the 
stable form. ^ The vap. press, of sulphur trioxide w^as discussed in connection with 
fuming sulphuric acid — vide infra. A. Purgotti discussed the sublimation of 
sulphur dioxide. A. C. Schultz-Sellack gave 46*^ for the boiling point at 760 mm. : 
H. L. Buff, 46°-47° ; N. W. Pischer, 52°-5G^ ; E. Mitscherlich, 35° ; and R. Weber, 
46*2° at 761*6 mm. A. Borthoud obtained by interpolation from his vap. press, 
measurements 44*52° for the b.p. at 760 mm. ; and D. M. Lichty gave 44*88° at 
760 mm. ; A. Smits and P. Schoenmaker gave 44*8° for the b.p. of a-trioxide at 
760 mm. H. M. Vernon found that the b.p. agrees with the assumption that the 
mol. formula is simply SO3. R. Schenck gave 216° for the critical temperature ; 
and A, Berthoud, 218*3° for the critical temp. ; 83*8 atm. for the critical pressure ; 
and 0*633 for the critical density. M. Prnd’homme studied some relations between 
the critical temp. The heat of vaporization is 10*3 Cals, x^er mol. ; M. Berthelot 
gave 11*8 Cals, at 18° for the heat of vaporization of the solid trioxide. A. W. Porter 
calculated for the heat of vaporization 9*00 Cals, at 90° ; 9*36 Cals, at 40° ; 9*60 
Cals, at 20° ; and 9-71 Cals, at 0° for the liquid trioxidc. Subtracting the inter- 
polated value for the liquid at 18° from 
M. Berthelot’s value for the solid, furnishes 2*2 
Cals, per mol for the heat of fusion ; H. Giran 
gave 1*9 Cals. A. Smits and P. Schoenmaker 
gave 1*8 Cals, for the mol. latent heat of fusion 
of the a-tiioxide ; and 2*9 Cals, for the jS-trioxide ; 
and 6*2 Cals, for the y-trioxide ; and H. Giraii 
gave 9*49 cals, per gram for the liquid trioxide, 
and 11*39 Cals, for the solid trioxide. A. Smits 
and P. Schoenmaker gave 10*1 Gals, for the mol. 
latent heat of vaporization ; 11*9 Cals, for the 
mol. heat of sublimation a-trioxide; 13*0 Cals, 
for that of j8-tri oxide ; and 16*3 Cals, for 
y-trioxide. A. Berthoud found that Trouton’s 
constant, 32*5, is abnormal ; and H. Giran said 
tbat tbe value for Trouton’s constant points to 
a commencement of polymerization during lique- 
faction, A. Berthond found that the constant, 
f in the formula log {pclp)^f{TcT'~^—l) falls 
irregularly from 3*66 at 34° to 3*29 at 180°, 
indicating that the molecules of the liquid are associated ; the constant f in log 
is near 7*41 at 24° and corresponds with a mol, association 
which decreases rapidly with rise of temp. The J. D. van der Waals’ constant 
^=="0*01629, and fc=0*002684. At the critical temp., the molecule is nearly normal, 
with association absent. 

J. Thomsen gave for the heat of formation, (S,30)= 103*23 Cals. ; and 

(502.0) =32*16 Cals,; H. Hess gave (S02,0)==22*6 Cals. M. Berthelot gave 
(S,30)=103*6 Cals, for the liquid trxoxide, 111*6 Cals, for the solid, and 149*4 for the 
aq. soln. J. Thomsen said that on mixing a mol of sulphur trioxide with an indefi- 
nitely large proportion of water, 38*88 Cals, of heat are develo]>ed ; H. Hess said 
40*4 Cals. ; and M. Berthelot, 36 to 40 Cals. J. Thomsen gave (SOsuquicnlOOOHsO) 
=39*17 Cals.; and M. Berthelot, (S03Kas>H20,Aq.)=49*2 Cals.; and 
(SOs^oiid^HaOsaUd)— 19*8 Cals.— u/ie infra, sulphuric acid. He also found 

(502.0) =:34*2 Cals, for the solid trioxide^ and (S02,0)=22*6 Cals, for the gas. 
6 . Bodlander and K. von Eoppen calculated from the equilibrium constant, 

(802.0) — 26*3 Cals, at constant press, between 515° and 610° ; 31*2 Cals, between 
610° and 650°— but the results are probably affected by some error. M. Bodensteixi 
and R. Pohl calculated from the equilibrium constant Q2^=22*8 Cals, between 528° 
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and 680® ; 22*7 Cals, between 627® and 789® ; and 22*6 Cals, between 727® and 897®. 
The heat of soln. is discussed in connection with sulpliiiric acid — vide mfra. 
R. Lucas calculated for the free energy, 18,840-“li*ir4-2*292 log Kp. 

According to R. Nasini, the index of refraction of the a-trioxidc at 20® for the 
red hydrogen line, Ha, is 1*4077 ; for the green hydrogen line, 11^, 1*41484 ; and for 
the yel]v.y sodium line, 1*40965. The refractory power calculated from the 
ju-fornmla is 0*21053, and from the /x^-forniula, 0*12731. The molecular refraction 
for the Ha-line and the /x-formiila is 16*48, and with the /x--formula, 10*18, C. Cutln 
hertson and E. P. Metcalfe gave 1*00737 for the index of refraction of the vapour of 
sulphur tiioxide for light of wave-length A=0*589ju. The additive value is 1*000960. 
R. Robl observed no fluorescence occurs in ultra-violet light. 

G. Magnus, and L. Bleekrode found that the electrical conductivity of the 
a-trioxide is very small. A. Geuther showed that liquid sulplnir trioxidc is not 
decomposed by the electric current, but if dissolved in cone, sulphuric acid, oxygen 
is given ofi at the anode, and a blue soln. of sulphur is formed at the cathode. 
P. Walden said that liquid sulphur trioxide has no ionizing power as a solvent. 
H. Schlundt gave 3*64 for the dielectric constant at 19°, P. Pascal gave 
- 0*30 xlO"'^ for the magnetic susceptibility of the trioxide at 19°. 

The a- and ^-modifications of sulphur trioxide exhibit in general the same 
chemical behaviour, although, as G. Oddo*^ has shown, the ^-form is not so active 
as the a-form. In many cases, sulphur trioxide acts as a strong oxidizing agent, and 
is at the same time reduced to sulphur dioxide. According to M. Berthelot, when a 
mixture of sulphur trioxide and oxygen is exposed to the silent discharge, sulphur 
heptoxide is formed. F. C. Vogel showed that sulphur trioxide unites vigorously 
with water, often explosively with the evolution of light and heat. When immersed 
in water, the trioxide hisses like red-hot iron, and a mixture of 4 parts of the trioxide 
and one of water is completely vaporized and light is emitted at the same time. 
In air, sulphur trioxide gives white fumes because the vapour of the trioxide 
unites with the water vapour, forming sulphuric acid. P. Schiitzenberger obtained 
red needles of tetranhydrosulpJiatocMorine mo7ioxide, (803)4^0120, by the action of 
chlorine monoxide on sulphur trioxide — vide infra. According to R. Weber, 
and A. C. Schultz-Sellack, a series of anhydrosulphates axe formed by the action 
of iodine on sulphur trioxide — vide infra, R. Knietseh, H, Kammerer, and 
R. Weber found that sulphur trioxide unites with dry iodine pentoxide — vide 
mfra, sulphur oxyhalides. According to A. W. Williamson, hydrogen chloride 
acts on sulphur trioxide, forming chlorosulphordc acid; while H. E. Armstrong, 
A. Michaelis, and F. Clausnizer observed that hydrobromic acid and hydriodic acid 
are oxidized respectively to bromine and iodine. H. Rose found that sulphur 
trioxide is absorbed by alkali chlorides, and A. Ditte observed that when heated 
with sodium chloride, chlorine and sulphur dichloropcntoxide are formed. 
A. G. Schultz-Sellack added that the metal fluorides, chlorides, bromides, and 
iodides absorb sulphur trioxide — ^forming, in the last two cases, some bromine and 
iodine respectively. Complex salts are formed with sodium chloride, potassium 
chloride, silver chloride, and barium chloride. When these compounds are heated, 
sulphur trioxide is evolved, then some chlorine and sulphur dioxide, while the 
sulphate remains behind. W. Trauhe also obtained a / complex with ammonium 
chloride — vide infra, the chloropyrosulphonates. 

According to R. Weber, sulphur trioxide unites with stflphnr to form blue 
sulphur heinitrioxide ; and A. C. Schultz-SeUack said that some sulphur dioxide 
is formed- P. Borinsky also studied this reaction. A. Geuther found that many 
metal sulphides — e.g, those of the alkalies, lead, and antimony — ^are oxidized 
by sulphur trioxide, forming a sulphate and sulphur dioxide, or a blue soln. of 
sulphur ; while the sulphides of iron and copper are not attacked. The observa- 
tions of F. C. Vogel, G. F. Waoh, H. Rose, N. W* Fischer, etc., on blue sulphur have 
been previously discussed. H. Rose found that sidphnr monocMoride, at 0®, 
absorbs the vapour of sulphur trioxide, forming S2CI2.5SO3 — sulphur pentanhydro- 
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sidphatocfdoride. H. Kose sliowed that sulphur trioxide absorbs sulplliir dioxide 
when both compounds are thoroughly dried by calcium chloride, and cooled to 0°, 
forming a complex approximating to sulplliir dioxydiauJiydrosiilpliatej 2SO3.SO2. 
When the liquid product is exposed to air, it evaporates rapidly, forming a thick 
cloud with the odour of sulphur dioxide, and leaving behind a trace of sulphuric acid. 
When kept a long time io loses part of its sulphur dioxide ; it reacts violently with 
water, giving off sulphur dioxide ; and it absorbs ammonia gas, forming a yellow 
product. A. C. Schultz-Sellack, and G . Karl observed that H. Hose’s complex is only 
a mixture, for liquid sulphur di« and trioxides are miscible in all proportions ; if an 
excess of sulphur dioxide be present, nothing separates out on cooling, but a mixture 
of equal parts deposits the ^-trioxide which redissolves at ordinary temp. This 
mixture boils at 5 ^. If an excess of sulphur trioxide be present, the liquid may 
solidify at ordinary temp. When sulphur trioxide is treated with sulphites, 
sulphates and sulphur dioxide are formed; and, added A. 0 . Schultz-Sellack, 
no thiosulphate is formed. H. 0 . Schulze reported that the a-trioxide unites very 
energetically with sulphuric acid to form pyrosulphuric acid, and that with the 
j6-trioxide the action is less energetic. H. Weber found that when sulphur trioxide 
and potassium sulphate are together heated in a sealed tube at 110°, two liquids 
are formed. The upper one is free sulphur trioxide, and the lower one, when cooled, 
forms potassium heptanhydridosulphatosulphate, K2SO4.7SO3. Similar results 
are obtained with the sulphates of ammonium, mhidium, csesiTim, and thallium, 
but not with the sulphates Of sodium, lithium, and silver. W. Traube said that 
the persulphates form what he called perpyrosulphates (q.v.). According to 
H. Weber, P. Borinsky, and A. C. Schultz-Sellack, sulphur trioxide reacts with 
selenium, forming green selenium anhydrosulphate, SeSOs, and with tellurium, 
to form red tehurium anhydrosulphate, TeSOg ; and with selenium dioxide there 
is formed selenium dioxyanhydrosuli)hate, S03.Se02 ; and tellurium dioxide 
forms tellurium anhydrosulphatotctoxide, SO3.2TCO2, studied by K. Vrba, 
J. J. Berzelius, G. Magnus, and D. Klein and J, Morel. 

E. Berglund found that sulphur trioxide reacts with dry ammonia, forming 
iinido- and amido-sulphonic acids {q.v.). According to F. Ephraim and H. Pio- 
tro wsky, sulphur trioxide is immediately reduced to sulphur* hemitrioxide by hydra- 
zine. A. Michaelis and 0. Schumann, R. Weber, A. Briining, and F. deia Provostaye 
described a complex (803)2^203, formed by the action of sulphur trioxide on nitric 
oxide or of sulphur dioxide on nitrogen peroxide. 6. Karl also prepared the 
complexes 5803.217203, boiling at 302°-305°, and melting at 198°”2(X)° ; and 
6SO3.3N2O3, boiling at 360° and melting at 217^-230°. W. Manchot obtained the 
complex sulphur hemmitrosyl trioxide^ 2SO3.NO, by the action of sulphur trioxide 
on nitric oxide at 60°. It darkens and softens at 180° ; melts at 215°-220° ; and 
boils at 275° and 715 min. It is readily decomposed by water into sulphuric acid 
and nitric oxide ; it does not react with a soln. of ferrous or cupric sulphate in 
sulphuric acid ; it is decomposed by heat into sulphur dioxide and nitrogen peroxide, 
and at 200°-300° it may be prepared from these gases. A. Briining observed that 
with nitrogen peroxide, sulphur dioxide and crystals of nitroxyl sulphur trioxide, 
S03,N02 are formed. 6. Oddo and A. Casalino observed that with nitrogen 
peroxide, the complex 0(S02.0.N0)2 is formed. H. Weber also obtained nitroxyl 
sulphur, trioxide, which when heated forms sulphur nitroxyl heptoxide, S2O7.NO2. 
With nitric acid, E. Weber said that the complex nitrogen hydrotetrasulphato- 
pentoxide, S03.N20§.(H2S04)3, or else N206(S03)4.H20, is formed. It was also 
described by G. Karl ; it boils at 218°‘~220°, and melts at 124°~125°. A. C. Schiiltz- 
SeUack observed that with potassium nitrite and liquid sulphur trioxide, potassium 
nitrosylsulphate, K(N 0 )S 04 , is formed. W, Traube said that with sodium 
nitrate, sodium nitroxyltrisulphonate is formed. E. Weber observed 

that with niirosyl chloride, there is formed the complex nitrosyl chloroan- 
hydrosulphate, NOCLSO3. F. 0. Vogel showed that phosphorus soon takes 
fire in the vapour of sulphur trioxide and there is formed a crust of 



346 


INOEGANIC AND THEOEETICAL CHEMISTRY 


aulpliur. H. Rose found tkat wlien phospMne is passed over sulpiiur trioxidc 
at ordinary temp., sulpkur dioxide and pliospkorus pentoxide are formed, while 
G. Aime added that yellow fumes are evolved which condense as a yellow 
powder, and next day a blue soln. of sulphur in sulphur trioxide is formed. 
E. H. Adie observed that phosphorus reacts with liquid sulphur trioxide, forming 
sulphur dioxide and phosphorus ditritanhydrosidphatotetroxide, 3P2O4.2SO3. 
E. Weber, and E. H. Adie made some observations on the conqdexes formed with 
phosphorus pentoxide— 8. 50, 40. E. H. Adie observed that with well- 
cooled phosphorous acid, sulphur trioxide forms sulphur dioxide and a com- 
plex salt of trianhydrosulphatophosphoric acid, H3PO4.3SO3. According to 
A. W. Williamson, and H. Schiff, phosphorus pentachloride reacts with sulphur 
trioxidc, forming sulphuryl chloride, but A. Michaelis did not agree. G. Oddo 
and A. Sconzo represented the reaction : »S03+PCl5=S02+Cl2+P0Cl3 ; and with 
(803)2, by 

0>S<2>S<Q+^|>P01,=POCls+^^S<"y,,i>S<g 

Sulphur trioxade oxidizes phosphorus trichloride to })liosphoryl chloride. Sulphur 
trioxide (a- and forms isomorphous mixtures with phosphoryl chloride. G. Oddo 
and A. Casalino studied the products of distillation of various mixtures and obtained 
distillates of intermediate composition. The f.p. curve, Fig. 77 , has eutectics at 
— 22° with 14-9 per cent, of SO3, and at — 414 ° with 33 per cent. There is a 
maximum at — 16 * 62 ° corresponding with the formation 
of SO3.2POCI3, diphosphoryl anhydrosulphato-hexa- 
chloride. They used it as a cryoscopic solvent for mol. 
wt. determinations of S02Cl2,Cr02Cl2, POCI3SO3, (803)2, 
etc. B. Kosmann, F. Eeich, E. Weber, E. H. Adie, and 
A. Stavenhagen made some observations on the com- 
plexes formed with arsenic trioxides — vide 8. 51 , 37 . 
These complexes include AS2O3.SO3 ; AS2O3.2SO3 ; 
AS2O3.3SO3; AS2O3.4SO3; AS2O3.6SO3; and A82O3.8SO3 ; 
while E. Brandes, E. Peligot, J. A. Arfvedson, 
C. A. Schultz-Sellack, W. P. Dexter, and R. H. Adie 
obtained analogous complexes with antimony trioxide 
The complexes with bismuth oxide are usually regarded 
as basic sulphates. These complexes were studied by T. Poleck, A. Bon, A. Ditto, 
J. J. Berzelius and P. Lagerhjelm, A. C. Schultz-Sellack, C. Hensgen, and W. Heintz. 
The complexes with vanadium pentoxide, or the basic sulphates, were studied by 
J. J. Berzelius, L. Miinzig, B. W. Gerland, J. Fritzsche, A. Ditte, and W. Prandtl ; 
those of columbium pentoxide, by H, Rose ; and those of tantalum pentoxide, by 
E. Hermann. 

E. F. d’Arcy, A. C. Schultz-Sellack, G. Karl, A. Mertz, M. Levi and L. F. Gilbert, 
A. Geleznofi, and^ G. Gustavson made observations on the complexes formed 
with boron trioxide — vide 4. 32, 26. G. Gustavson represented the reaction 
with boron trichloride: 2BCl34-4S03=3S02Cl2+B203.S03, and with boron 
tribromide, bromine, sulphur dioxide, and the complex B2O3.SO3 were formed. 
H. E. Armstrong represented the reaction with carbon disulphide, SO3+CS2 
==S-f-S02+C0S. P. Schtitzenberger, H, E. Armstrong, and E. Gerstl discussed 
the reaction with carbon tetrachloride : CCl4-f2S03=C0Cl2+8205Cl2. G. Oddo 
and A, Sconzo found that the reaction is unimolecular, with the velocity constant, 
ifc= 0 * 0001447 , and therefore in accord with the assumption that an inter- 
mediate complex is first formed: SO3+C0l4=Cl-SO2“~0.CCl3, followed by 
01,802.00013+803=01.802.0.802.01+00013; or else the intermediate com- 
pound is Cl.S02.0.Ca2*O.S02.Cl=COCl2+Cl.S02.0.S02.CL A, 0. Schultz-Sellack 
found that mereuric cyanide is decomposed by sulphur trioxide. A. W. Hofmann 
and G. B. Buckton, P. Eitner, B. von Barth and C. Senhofer, A. Pinner and F. Klein, 
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F. Uumpert, P* Krafit, A. Eiigelhardt, etc., studied the action of sulphur dioxide 
on nitriles, G*. Karl discussed numerous mixed anhydrides of sulphur trioxide and 
organic anhydrides. H. N. Beilby noticed that sulphur trioxide attacks glass in the 
proximity of heated platinum. P. Hautefeuille and P. Margottet, K. Hiittner, and 
C. Friedel and A. Ladenburg studied complexes with silica ; A. Mertz, M. Biondel 
and H. Rose, complexes with titania ; P. Hautefeuille and J. Margottet, complexes 
with zirconia ; J, M. van Bemmelen, complexes with germania ; and R. Laurence, 
and J. V. Kraskowitz, comxdcxes with stannic oxide. 

According to G. Oddo, and H. B. Baker, dry suiphiu* trioxidc does not attack 
the dried metals or the metal oxides i B. Bizio also reported that, at ordinary temp., 
the vapour of the trioxide does not act on copper, silver, zinc, mercur}-, tin, lead, 
or iron, F. C, Vogel showed that warm mercury is attacked by sulphur trioxide, 
forming sulphur dioxide and mercuric sulphate ; and A. d’Heureuse, that at a 
red“heat, zinc or iron forms the metal sulphide and oxide ; C. Bruckner observed 
that with red-hot magnesium powder, analogous products are obtained. I. Walz 
showed that sodium or zinc amalgam, in the presence of some water, forms hydrogen, 
then hydrogen sulphide, and then a mixture of hydrogen sulphide, and sulphur 
dioxide, and finally sulphur dioxide ; there is also a separation of sulphur. 

The trioxide is sent from the manufacturer in sealed drums of tinned iron. 
F. C. Vogel said that the trioxide can he held between the dry fingers, but it soon 
produces a penetrating sensation. Burns with the liquid trioxide, or the trioxide 
that is beginning to liquefy with absorbed moisture, are instantaneous on contact 
with the skin ; and the burns frequently become septic and are slow to heal. The 
trioxide is very poisonous and corrosive. It rapidly chars wood, paper, and many 
organic bodies. The dry trioxide does not redden dry litmus paper. 

B. Drechsel^ regarded the sulphur in sulphur trioxide as sexivalent corre- 
sponding with (S02)0 ; and H. Schroder considered that the vol. contraction 
attending the formation of the trioxide agreed more with a quadrivalent sulphur 
atom, and he wrote the formula ; 



This is also in harmony with the views of B. Divers. W. Odling and F. A. Abel 
found that sulphur trioxide is formed by the reaction : S02Br2+Ag2S04=2AgBr 
+SO2SO4, and hence regarded the trioxide as sulphuryl suljphate^ SO2SO4. 
N. M. Teplow deduced from his vortex theory that the formula is S4O12 (803)4. 

G. Oddo supposed that the a-trioxide has the mol. wt. SO3, and the jS-trioxide (803)2, 
and gave for the graphic formulae : 

a-SOj ;8-SOj 

so that the polymerized trioxide is a kind of sulphiiryl sulphate, (SOglSOi- 
J. A. N. Friend modified these formulae in accord with the theory of latent valencies 
(dotted lines) : 

: : : 0=S<| : : : 0=S<^ 


I. Smedley also modified the graphic formula in accord with a quadrivalent oxygen 
and a sexivalent sulphur atom. W. Krings, and J. R. Syrkin discussed the electronic 
structure of sulphur trioxide, and E. B. R. Prideaux represented the molecule : 


..O.. .0 

:s::o: or 

•:or ’*>0 
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925, 1888 ; Thermochimie, Paris, 2. 91, 1897 , Bur. Longitudes, 395, 1873 ; K- Knietseli, 

Ber., 34. 1069, 1901 ; W. Mancliot, ZeiL angeto. Chern., 25. 1055, 1912. 

8 E. Drechsel, Joarn. prakt. Chcm., (2), 4. 20, 1870 ; H. Schroder, Wied. A?ui., 16. 660, 1882 : 
K. M. Teplovv, Joiirn. Bitss. Fhys. Ckem. Soc., 20. 1. 1888; E. Divers, Jotini. Chem. Sue., 40. 
584, 1886 ; W. Odling and E. A. Abel, ib., 7. 1, 1855 ; I. Smedley, 76., 95. 231, 1909 , 
J. A, N. Friend, 76., 93. 260, 1908 ; Proc. Chem. Soc., 25. 91, 1909 ; Gr. Oddo, Gazz. Gh bn. KaJ., 31 . 
ii, 158, 1901 ; 57. i, 29, 104, 1927 ; G. Oddo and A. Casalino, 76., 57. i, 47, 60, 75, 1927 ; G. Oddo 
and A. Sconzo, 76., 57. i, 83, 1927 ; E. B. R. Prideanx, Jourji. Soc.Chein.Pid. — Chem. Ind., 42. 
672, 1923 ; J. R. Syrkin, Zeit anorg. Chem., 174. 47, 1928 ; W. Krings, 76., 181. 298, 1929. 


§ 28. The Hydrates of Sulphur Trioxide and Sulphuric Acid 

The so-called oleum, Nordhausen sulphuric acid, or fuming sulphuric acid, can 
be regarded as a soln. of sulphur trioxide or of pyrosulphnric acid in water. This 
product was probably one of the earliest forms of sulphuric acid produced for sale. 
It was made in Bohemia in early times, and during the Thirty Years’ War the 
industry was transferred to Braunlage and Goslar, in the Harz country. The acid 
was distributed from the stores at Nordhausen, from which place the acid took 
its name. Hear the end of the eighteenth century the Bohemian factories were 
revived. At this time, the acid was made by the dry distillation of ferric sulphate — 
Vitriolstein — ^which, along with alum, had been made from slates containing pyrites 
since the sixteenth century. The retorts, holding nearly a kilogram of vitriol 
stone, were arranged in galleys, and the receivers fitted on as the thick fumes of 
sulphur trioxide appeared. The receivers contained some water or sulphuric acid. 
The operation was repeated until the liquid in the receivers had attained the desired 
concentration. The ferric oxide remaining in the retorts was ground and sold 
for use as a pigment under the names : colcothar, caput mortuum, Venetian red, or 
Efiglish red. The process was discussed by R. W. Hill,i E. V. Jahn, F. Stolha, and 
R. Schuberth — vide supra, sulphur trioxide. The yield of fuming acid is poor 
because the temp, of dissociation of ferric sulphate is so high that a large proportion 
of the sulphur trioxide is decomposed at the same time. The dissociation press, 
of the trioxide from ferric sulphate was found by G. Keppeler and J. d’Ans to be only 
15 mm. at 640'^, so that the temp, of the retorts must he much higher than this. 
They represented the effect of temp., T, on the press., p, of the trioxide : 
Fe2(S03)3^Fe203+3S02, between 500^^ and 700°, by log p=llB626---9755'67J'’k 

P. G. Prelier proposed to heat the alkali or alkaline earth sulphates with sulphuric 
acid to form the hydroaulphate, and to distil the water from the hydrosulphate, 
and the fuming acid or sulphur trioxide from the pyrosulphate. R. W. Wallace 
proposed a modification of this process ; and W. Welters said that the liberation 
of sulphur trioxide from the pyrosulphate occurs at a lower temp, if some mag- 
nesium sulphate he present. This means that less sulphur trioxide is dissociated. 
W. Wolters also proposed to heat the pyrosulphate with anhydrous sulphuric acid, 
so as to distil off the sulphur trioxide ; Ha2S207+H2S04=2ISraHS04-l"S03. 
A. M. L6on proposed to electrolyze monohydrated sulphuric acid so that the water 
decomposes into hydrogen and oxygen, and the resulting sulphur trioxide dissolved 
in the electrolyte to form the fuming acid. Fuming sulphuric acid, is now made 
by the contact process whereby the resulting sulphur trioxide {q.v.) is dissolved in 
sulphuric acid of sp. gr. approximating 98J per cent. H2SO4, because, according 
to R. Knietsch, this acid contains neither free water nor feee sulphur trioxide. 
0. Sackur showed that if free water be present, the a-SOs is not transformed to 
jS-SOs — vide infra. 

Quite a number of hydrates of sulphur trioxide have been reported. The 
hemihydrate, 2SO8.H2O, is the so-called pyrosulpliuric acid, H2S2O7— infra; 
and the monohydrate, SO3.H2O, is the so-called sulphuric add, H2SO4 — vide infra. 
A. C. Schultz-Sellack 2 could not prepare a crystalline hydrate containing more 
sulphur i rioxidc than j)yrosnlphuric acid ; nor is there any c videiiee of the foruiati<m 
of *such a compound on the f.p. curve. Fig. 78. 
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Nuvort‘}ielL‘s.s, K. Wcl)er thought tli<it lie had ohtaiiiod a tvtrilahydnUc, dSOa-HgO, by 
adding sulphuric acid to sulpluxr trioxide, ilc said that it crystallized at S'" to 10 ^, and had 
a sp. gr. of 1-98S. Again, V. A* Jacquelaiii reported prisiiuiti(‘ crystals of the tritelrita^ 
hydrate, 4 S 0 a. 3 H 20 , to bo formed by passmg sidjihur trioxidc!) into eonc. sulphuric acid; 
und H. W. F. Wackenroder, by cooling fuming siilphuric acid to - 10 *^. The former said 
lliat the crystals melt at 26°, the latter at 10 °. 

J. 0. D. do Marignac made some observations on tlie f.p, of fuming sulplmric 
acid oleum ; and H. Knictsch gave the results shown iii Table V1. The data in 


Table VI.— jMelting Points of .Mixtures of SirLPnirjt "rHioxiDK \xi> 

SULFHUIIT(5 ACH). 


Free SO a 
per cent. 

M.p. 

Free SO 3 
per coat. 

M.p. 

Fr(!0 SO3 

I)or cent. 

M.p. 

0 

10 - 0 ° 

35 

26*0° 

70 

9-0° 

5 

3-5° 

40 

33*8° 

75 

17-2° 

10 

-4-8° 

45 

34*8° 

80 

aa-o" 

15 

- 11 * 2 ° 

50 1 

28*5° 

85 ! 

3:)-0° (27“) 

20 

- 11 - 0 ° 

55 

J 8*4° 

00 

34'0° (27-7“) 

25 

- 0 - 6 ° 

r>o 

0*7° 

05 i 

1 3C-0° (2t>°) 

30 

15.2° 

1)5 

0 - 8 ° 

100 

4()'0(17-7'") 


brackets represent freshly prepared soln., and the sulphur trioxide has not aged by 
the passage of a-SO^ to J. C. G. de Marignac said that crystals of H2SO4 

separate from the cone, acid at and V. A. Jac<pielain added that the cone, acid 
freezes at 0*^, but it may be imdercooled to — 35'^ to — 40®. H. Davy said that dil. 
sulphuric acid freezes at —25®, and T. Thomson, at —36® when confined in the 
bulb of a thermometer. 

The so-called monohyflrated sulphuric acid, HoSO^.H^O, or the dihydmie of 
sulphim trioxidc, SO3.2H2O, was said by V. A. Jacqueiain to freeze at 8®, but, in 

a sealed tube, it can be undercooled to —35® to 
—40®. J. Dalton, and J. I. Pierre and E. Puchot, 
gave 7*5® for the f.p. ,* H. W. P. Wackenrodor, 4® ; 
L. Pfaundler and E. Schnegg, 8*81® ; G. Lunge, 
8° ; D. P. Konowaloff, 8*55® ; and R. Pictet, and 
J. Thilo, 3*5®. W. Hillmayr could not bring the 
f.p. of sulphuric acid to 4® by the addition of 
water. J. 0. G. de Marignac gave 8*5® for the 
in.p. of this hydrate; H. W. P. Wackenrodor, 
R. S, Tjaden-Moddermann, S. U. Pickering, and 
R. Lespieau, 8*53® ; and J. I, Pierre and E, Puchot, 
7*5. W. P, Jorissen said that crystals of the 
monohydrate are obtained by rapidly cooling 83*3 
to 84 per cent. H2SO4 with ice ; and A, D. Donk, 
by cooling with ice a mixture of 84 to 85 per cent. 
H2SO4 and barium or lead sulphate. Observa- 
tions were also made by 0. D. Carpenter and 
A. Lehrman. J. Thilo gave —39*9 for the f.p. 6f the triliydrate of sulphur trioxide, 
SOs^SH^O, or dihydrat^ sulphuric acid ; R. Pictet, and E. von Biron gave 
—38*9®. C, D. Carpenter and A. Lehrman obtained analogous results for this 
metastable phase. >S. IJ. Pickering reported a penlah/drate of sulphur trioxid(% 
SO3.5H2O, or tetrahydrated sulphuric acid, H2S04.4H2(), melting at —25®, but 
m.p. is rai^idly lowered to —70® if a little water be present. El. von Biron gave 
—69® dor the f.p. so that undercooling occurred. The results for the equilibrium 
diagram are compiled in Fig, 78. L. Pfaundler and E. Schnegg, S. U. Piclcering, 
J, Thilo, and P. Riidorff investigated the ice-line, JB, Fig. 78, and found : 



Fig. 78- — ^Freezing-point Curves 
of the System : SOs-HoO. 


SO 3 , 13*25 19 50 23*25 25*50 27*25 28-75 30-00 3i-00 

F.p- . —10° - 20 ° —30*^ —40'" -50° -*60" -70" — 75 " 
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S. U. Pickering gave for the region of stability of tetraliTclrated siili)hiiric acid, 
BCD, Fig. 78 : ^ . 

SO 3 . a 1-75 33-75 36-00 39-00 43-25 47-06 49-75 55-50 

F.p. . - 70^ - 60^ —50' —40^ —30° —25° —30° —50° 

SO that the m.p. of the tetrahydrate is —25'^. E. von Eiron studied the region of 
stability of dihydrated sulphuric acid, DEG, Fig. 78 ; and J. Thilo, the metastable 
system where the dihydrate is not formed : 

stable. Metastable. 

. ^ , , ^ , 

SO 3 . 66-00 59-69 60-50 61-00 57-75° 59-75° 60-00 60-50 

E. p. <. —45° —38*9° —40° —41° —60° —70° —60° —50° 

Hence, the m.p. of the dihydrate is —38*9''. L. Pfaundler and E. Schnegg, 
S. U. Pickering, M. Altschul, J. Thilo, and E, Knietsch’s resnits for the region of 
stability of monohydrated sulphuric acid, GHJ, Fig. 78, are : 

SO 3 * 61-00 62-50 63-50 65-50 68-98 72-00 74-75 76-00 

F. p. . —41° -20° -10° 0 8-53° 0° -20° —38° 

where the m.p. of the monohydrate is S, TJ. Pickering's value ; L. Pfaundler and 
E. Schnegg gave For the region of stability of sulphuric acid, JKL, Fig. 78, 

L. Pfaundler and E. Schnegg, S. XJ. Pickering, J. Thilo, E. Knietsch, and J. C. G. de 
Marignac gave ; 

SO 3 . 76-50 78-50 81-00 81-62 82-00 83-25 84-50 85-00 

F.p. . -30° -10° 10° 10-35° 10 0° -10° -12° 

where S. U. Pickering’s value for the m.p. of sulphuric acid is 10-35® ; J. Thilo's 
and J. C. G. de Marignac’s, 10-5° ; G. Oddo and E.Scandola’s, 10-4:3° ; A. Hantzsch's, 
10-46°; J. K Bronsted’s, 10-49°; D. M. Lichty’s, 10-43° to 10-45°; andE. Knietsch's, 
10°. E. Knietsch determined values for the region of stability of pyrosulpburic acid, 
LMN, Fig. 78, and found : 

SO 3 . 85-25 86-00 87-50 88-50 89-89 90-50 91-50 93-00 

F.p. . -10° 0° 20° 30° 36° 30° 20° 6-5° 

where the m.p. of the pyrosulphuric acid is 36°. The subsequent progress of the 
curve, for soln. of sulphuric acid in sulphur trioxide, is doubtful. According to 
E. Knietsch, the curve bifurcates after rising from the minimum. One branch, 
referring to the freshly prepared soln. in a-trioxide, has the co-ordinates 26° for an 
acid of 95 pen cent, of free SO3 and 17*7° for 100 per cent. SO3 ; the other branch, 
referring to a soln. in which the trioxide has had time to change to j^-SOs, has the 
co-ordinates 36° for 95 per cent, of free SO3, and 40° for 100 per cent. SO3. 

There are singularities in the curves representing other physical properties of 
sulphuric acid — vide infra — corresponding with definite hydrates. There is room 
for doubting if the hydrates other than HgSO^, and even of pyrosulphuric acid 
itself, exist in the liquid state. J. Thomsen concluded from his thermochemical 
observations, and W. H. Perkin from his magnetic rotation observations, that 
sulphuric acid soln. contain the monohydrate ; while M. Berthelot's thermo- 
chemical observations led him to conclude that still higher hydrates are present. 
L. Pfaundler and E. Schnegg's eryoscopic observations /led them to believe 
that in cone, sulphuric acid, both the mono- and di-hydrates are present ; and 
E. Lespieau, that the monohydrate is present ; while S. U, Pickering, and E, Pictet 
postulated a large number of hydrates as a result of his observations on tbe f.p. 
of the soln. 

Assuming that the amount of a hydrate formed in a soln. is proportional to its 
concentration, the rate of change of, say, the sp. gr. B with the change of concentra- 
tion 0 will be a linear function of C, so that dS/dO will be represented by a straight 
line, say, dSJdG=a~j-bO, On treating the observed sp. gr. in this way, D. I. Mende- 
leeff found that dSfdC was discontinuous, so that when dSjdC and G were plotted, 
VOL. X. 2 a 
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isolated lines 'were obtained each of which was sii})posod to represent a zone in 
which the corresponding hydrates — H2S04.H2^3 H2SO4.2IT2O, H2SO4.6II2O, and 
H2SO4.I5OH2O — exist in soln. The mathematical argument is that if the ^’C-curvc 
is really discontinuous, it will differentiate into a series of different curves each of 
which will represent the rate of change of the physical property S with the amount 
of the hypothetical hydrate in the soln. at that concentration. A change in the 
direction of the curve leads to a breaking up of the first differential coefficient into 
two curves which do not meet. S. U. Pickering applied the argument in the treat- 
ment of a nuraher of determinations of the physical propertievs of soln. If . Crompton 
extended the argument to the second differential coefficient of the electrical con- 
ductivities of sulphuric acid soln. He inferred the existence of 2H2SO4.SO3, and 
H2SO4.SO3, in the liquid. This subject was discussed by S- Arrhenius, J. Domke 
and W, Bein, J. N. Bronsted, H. E. Armstrong, J. Kendall and co-workers, 
E, H. Hayes, A. W. Riicker, 0 . J. Lodge, S. Lupton, and T. M. Lowry. It must he 
remembered that the SC- curve is purely empirical, and that the differentiation of 
experimental results very often furnishes quantities of the same order of magnitude 
as the experimental errors themselves. This is a very serious objection. 
S, TJ. Pickering has tried to eliminate the experimental errors, to some (‘xtent, by 
differentiating the results obtained by smoothing the curve obtained by plotting 
the experimental results. On the face of it this smoothing of experimental results 
is a dangerous operation even in the hands of the most experienced workers. Indeed, 
it is supposed that that prince of experimenters, H. V. Regnaiilt, overlooked an 
important phenomenon in applying this very smoothing piocCkSs to his observations 
on the vap. press, of sat. steam. In the words of 0 . J. Lodge : 

iTo juggling with feeble empirical expressions, and no appeal to tho mysteries of 
elementary mathematics, can. legitimately make experimental results any more really 
discontinuous than they, themselves are able to declare themselves to bo when properly 
plotted, 

L. Schneider’s sp. gr. determination led him to infer the existence of two hydrates, 
viz. H2SO4.H2O, and H2SO4.2H2O. E. Bourgoin studied the electrolysis of 
sulphuric acid and inferred that the dihydrate, H2SO4.2H2O, or S( OH) is present 
when the cone, of the acid ranges from H2SO4.H2O to H2SO4.25OH2O. T. Graham, 
from the capillary transpiration of sulphuric acid soln., inferred tho presence of 
H2SO4.H2O ; R. Engel, from solubility determination, the existence of H2SO4. 
I2H2O. The observations by C. Frery, G. Tammann, C. Dieterici, A. Ponsot, 
H. 0. Jones, W. Ramsay and J. Shields, C. E. Linebarger, A. E. Dunstan and 
R. W. Wilson, S. TJ. Pickering, and V. S. M. van der Willigen on the optical and other 
properties of the acid, also led them to the hypothesis that definite but unstable 
hy&ates are present in soln. If a mixture follows the mixture law- — 1 . 10 , 17 ~it is 
assumed that no chemical action has taken place between the constituents, and 
that the moL state of the constituents is not changed by the mixing. Most binary 
mixttures deviate from the rule, and the results may be due to one or both these 
phenomena. E. W. Washburn concluded that in the property-composition curves 
the supposed points of discontinuity are due to experimental errors ; and that 
methods of stud5?ing hydration depending on the deviation of any physical property 
from the law of noixtuies are incapable of yielding any conclusive information 
regarding the complexity or even the existence of hydrates in aq. soln. On the 
other hand, A. E. Dunstan and F. B. Thole said that the existence of definite 
maxima or minima on the property-composition curve, are indicated by almost 
every variety of physical property, and cannot be well denied. The minor changes 
of curvature which led S. U. Pickmng to infer the existence of 22 different hydrates 
from his e xa mination of the sp. gr., heats of soln., conductivity, voL change on 
mi xing and thermal expansion of sulphuric acid soln., may have a real existence, or 
they may he denied altogether, as was done by E. W. Washburn, or attributed to 
erroneous methods of plotting, as was done by H. Hartley and co-workers. Again, 
R. B. Denison showed that a maximum or minimum in the property-composition 
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curve must be taken as giving a possible indication of the formation of a cliemica! 
compound, althougb. there is no certainty. A sagged curve, without maxima or 
minima, may be caused by the dissociation of one of the constituents, or by their 
chemical combination, but a process involving an increased association of one of the 
constituents, as a result of their mixing, is unlikely. He also concluded that the 
curve representing the composition and the deviations from the mixture law gives a 
better indication of interaction between the constituents of mixed liquids. He 
added : 

The magnitude of the deviation from the mixture law is proportional when the cone, 
of the new substance attains a maximum value ; and further, when this is true, the mixture 
as a whole has the same fractional composition as the new substance formed. Altliougii 
temperature changes may affect the form of the property-composition curve, especially 
as regards the maximum point, the point of maximum deviation from the mixture law is 
independent of temperature change. 

J. L. H. Morgan and C. E. Davis applied this method to the available data 
dealing with aq. soln. of sulphuric acid, and found that evidence of the existence 
of the hydrate H 2 SO 4 : H 20 =l : 1 was given by the sp. gr., compressibility, 
viscosity, and index of refraction curves ; of the 1 : 2 'hydrate, by the index of 
refraction curves ; of the 1 : 3-hydrate, by the surface tension curves ; of the 
3 : 1 -hydrate, by the electrical conductivity, and viscosity curves ; of the 
1 : 12 -hydrate, by the electrical conductivity, and sp. gr. curves ; and of the 
4 : 1- or the 5 : 1-hydrate, by the viscosity curves — vide infra. Figs. 82, 84, 85, 87, 
88 , 93, and 96. 

W. Ostwald observed no evidence of the presence of hydrates in Ms work on the 
mol. conductivity of the acid ; while J. Domke and J. Bein said that the existence 
of hydrates cannot be deduced from sp. gr. determinations alone ; nor do the f.p. 
curves show the existence of the mono-, di-, tetra-, and hexahydrates, yet the hypo- 
thesis that hydrates exist in soln. is considered to be in accord with facts. B. C. Burt 
also showed that the vap. press, curves do not give any evidence of the formation 
of definite hydrates ; they do show that molecular complexes are formed- A. Smits 
and co-workers studied this subject. H. 0. Jones compared the lowering of the 
f.p. of acetic acid by mixtures of sulphuric acid and water with the results with 
siilphuric acid and water alone. The results indicate the existence of the two 
hydrates, HoSO^.H^O and H 2 SO 4 . 2 H 2 O, in acetic acid soln., hut not the existence 
of any hydrates containing a larger quantity of water, even when as much as 37 eq. 
of water are present to one of sulphuric acid. These hydrates are somewhat unstable 
in the acetic acid when their soln. are very dil., and when the excess of water present 
is not very great. They can be regarded as dissociated under these conditions by 
the acetic acid into sulphuric acid and water. H. C. Jones and F- H. Getman, and 
H. 0. Jones and H. P. Bassett calculated, from the sp. gr., the electrical conductivity 
and the f.p. of soln. containing M-mols of H 2 SO 4 per litre, that in dil. soln., no 
water is held in combination, hut with from 0-5A- to 6‘0N-3q\iL, the amount of 
combined water increases with the cone, of the soln. Assuming that m-mols of 
water are in combination with the acid per litre, and H mols of water are in combina- 
tion with a mol of H 2 SO 4 at the given cone, if a litre of soln. at that concentration 
contained 1000 grins, of water. H. 0. Jones and co-workers found : 
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A. Zaitschek studied the action of sulphuric acid on ethyl alcohol, andiound that the 
equilibrium values did not give a satisfactory value for the constant K it the 
sulphuric acid be calculated as H 2 SO 4 in the equation: C^HsOH-l-HsBOt 
^C 2 H 5 .HS 04 -f-E[ 20 , but if calculated as H 2 SO 4 . 2 H 2 O, K is constant : 

+ C2H50H^-C2H5HB04+3H20. 



356 


mOBGANIC AND THEOEETICAL CHEMISTRY 


The constitution of the sulphuric acid. — About 1850 , A. W. Williamson s 
represented sulphuric acid as a derivative of water ; 

H H H H H 

0 0 0 0 

in consequence of its relation to chlorosulphonic acid, SO3HC], and siilphuryl 
chloride, SO2CI2. With the advent of E. Frankland's structural formxilp, sulphuric 
acid was said “to contain two hydroxyl groups,’’ meaning that in certain reactions, 
the OH-gxoups can he exchanged for eq. radicles ; that there are certain relations 
between this acid and ail other acids containing OH-groups ; etc. C. Schorlemmer 
has said that the structural formula shows “ the past and future of a compound,” 
that is, 'Hhe relation subsisting between its progenitors and its progeny.” The 
formula for sulphuric acid is expressed S02(0H)2 for the following reasons : 
( 1 ) Chlorine can react with cone, sulphuric acid, forming chlorosulphonic acid 
ClHSOg, where one OH-group in sulphuric acid is replaced by chlorine. Phosphorus 
pentachloride, PCI5, can displace one or two OH-groups in sulphuric acid, forming 
in the one case chlorosulphonic acid, (H0)C1S02, and in the other sulphuryl chloride 
CISO2CL Both these chloro-compounds react with water, forming sulphuric acid. 
The two OH-groups can be displaced together or separately, and we infer, from the 
rule of the constancy of structural arrangement that sulphuric acid, H2SO4, contains 
two hydroxyl or OH-groups. J. Thomsen also showed that the thermocliemical data 
agree with the assumption that the two hydrogen atoms are directly united with 
oxygen atoms. On the other hand, H. E. Armstrong and P. P. Worley held that 
the formation of sulphuric acid from sulphuryl chloride, SO2CI2, is not necessarily 
a proof that the acid contains two hydroxyl groups because of the alternative 
hypothesis that the sulphuryl chloride is first resolved into sulphurous acid and 
cUorine : S02Cl2+H20=S03H2+Cl2, and that these products, in statu nascendi, 
interact with water to form sulphuric and hydrochloric acids : S03H27fH20+Gl2 
=S04H2-h2HCl. Similarly, the formation of chlorosulphonic acid is not necessarily 
a proof that an OH-group is present in sulphuric acid because the phosphorus 
pentachloride may merely dehydrate the acid : S04H2+PCl5=S03“fP0Cl3+2HCl. 
(2) Unlike sulphurous acid, it is possible to make but one compound, CH3O.SO2.OK, 
by replacing the hydrogen of the hydroxyl-groups with the radicle CH3. PIcnee, it 
is inferred that the hydroxyl groups are related to the remainder of the atoms in 
the molecule H2SO4 in a symmetrical manner. This is not in agreement with 
I. I. Kanonnikoff’s assumption that sulphur is quadrivalent, and that the formula 
is (H0)3.S.0.0H. ( 3 ) Certain univalent hydrocarbon radicles — CH3, C2H5, CeHs, 
etc. — can replace the chlorine in CIHSO4 and in SO2CI2 to form, say, phenyl sulphonic 
acid — C6H5.SO2.OH, and diphenylaulphone — (06^5)2802, respectively. The same 
compounds can be made by the oxidation of mercaptan, GeHs.SH, and of diphenyl 
sulphide, (G6H5)2S, in which the radicle must be joined directly to the sulphur atom. 
Assuming that the radicles remain fixed to the sulphur atom during the oxidation, 
it is inferred that the hydroxyl groups in sulphuric acid, H2SO4, are directly attached 
to the sulphur atom. Hence, the formula HO.SO2.OH is preferable to HO.O.S.O.OH 
for sulphuric acid. ( 4 ) We have not yet discussed whether the S02“group is consti- 
tuted 



or 



OH 

OH 


The possible sexivalency of sulphur in sulphur hexafiuoride, SFq, points to tfe 
sexivalency of the sulphur atom in the sulphates, and hence it is probable that each 
of the two oxygen atoms is attached to the sulphur atom by a double valency. Fox 
these reasons, in agreement with E. Drechsel, the constitutional formula of sulphuric 
acid is written : 


0 

O 


>S< 


OH 

OH 
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Remembering, of oouise, tbat it is very probable that tbe best of our structural 
lormuisB is not so closely related to tbe actual orientation of the atoms in tbe molecule 
as the stnfied and dried specimens of a museum are related to the living organisms. 
P . Pascal found this formula agreed with his magnetic observations . A. E . Dunstan 
and R. W. Wilson added that each hydroxyl group is the seat of a very considerable 
residual affinity, as is evidenced by the formation of hydrates, of H2SO4.SO3, etc., 
and accordingly they write the formula 

HO-SO 2 -OH 
1 1 


A. Hantzsch and F. Dtirigen’s observations on the refractive index agreed 
with the assumption that the constitution is either [0S(0H)3]']S030H]' or 
[S(0H)4]“[S020H]2 ^' — suljplimylium sulphate. The electrical structure has been 
« discussed by H. Remy, K. Rolan, and H. Buxgarth — vide supra, hyposulphurous 
acid. T. M. Lowry gave for the sulphate radicle, SO4", 

O' 

0 : 0_±St-_0“ 

1 

0“ 


: O : S 
: 0 


G. Oddo discussed the constitution in the light of his theory of mesohydry ; and 
K. Rolan discussed the tetrahedral model of the sulphate ion. J. E. Marsh, and 
R. E. Hughes inferred that because anhydrous sulphuric acid, H2SO4, has no action 
on litmus, and does not form salts, it is really an anhydride. 

The three hydrates of sulphur trioxide — H2SO4 ; H2SO4-H2O ; and H2SO4.2H2O 
— are sometimes written graphically : 


0. 

0> 


8=0 


0. OH 

0 ><oH 


HO^ 

o=^s< 

HO^ 


OH 

OH 


HO. .OH 
HO^S^^OH 
'OH 


a-SOa* 


Metasulphuric acid, Parasulplniric 

(HOJaSOg. acid, (^0)480. 


Orthosulplmiic 
acid, S(OH)g. 


In harmony with the nomenclature applied to the periodic acids, the last formula 
represents the maximum hydroxide, corresponding mth orthosiilpliuric acids 
S(OH)e, sulphur sexivalent, in agreement with T. Graham, the penultimate formula 
represents parasulpMric acid, S0(0H)4 ; and the ordinary formula for 
sulphuric acid then represents metasiilphiiric aeid^ S02(0H)2. There is not 
much experimental evidence in support of these formulos, and the method does 
not help in dealing with the trihydrate, H2SO4.3H0O ; nor does it explain how the 
acids axe usually dibasic. Hence, it is doubtful if this is the correct interpretation 
of the constitution of the hydrated forms* of sulphuric acid. H. B. Kosmann 
regarded the monohydrate as a monobasic acid ; and for the dihydrate he gave 
S(OH)e. 

With pyrosulphnric acid, or disulphuric acid, H2S2O7, or H2SO4.SO3, two 
molecules of sulphuric acid appear to be condensed into one mol. of disulphuric 
acid with the elimination of one mol. of water : 2H2SO4—H2O+H2S2O7 ; or 


HO-SOa-OH 

Ho-SOa-OH 


0< 


SOg— OH 
SOg-OH 


+H2O 


on the assumption that the formula for sulphuric acid is S02(0H)3 ; that disulphuric 
or pyrosulphuric acid is formed by the abstraction of a mol. of water from two mols, 
of sulphuric acid ; and that when an anhydride is formed by the ahstraction of 
water from a molecule of acid, each molecule of water abstracted from the acid, one 
oxygen atom takes the place previously occupied by two hydrf>xyl groups. T!i(‘ 
salts arc dibasic. The bivalent acid radicle is B2O7. Tlie relation between 
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pyrosulphuric acid, j8-sulpliiir trioxide, and sulplinric acid is illustrated by the 
formulae : 



0 

•0 



p-SOg. 


OH HO. ^ D 

— 0 

Pyrosulphuric acid. 


o. ^ OE 

Sulphuric acid. 


Hence jB-sulpbur trioxide can be regarded as the anhydride of pyrosulphuric acid ; 
and a-sulphur trioxide as the anhydride of sulphuric acid. A. Werner, and 
R. Schwarz have made some observations on the co-ordination theory ; and J. Meyer 
and V. Stateezny represented pyrosulphuric acid as an isopoly acid : 


H2[s 


02 

S04 


] 


but the co-ordination theory, as T. M, Lowry has pointed out, docs not fit the facts 
so well as the ordinary theory, or the electronic theory : 


+ - ' O 0 

^ ■ 5>®<6 


^H 


“O ++ O 

-0>S<^_; 


or 


O -.OH 


Electronic theory. Sulphate-ion. Sulphuric acid. 

This subject was also discussed by N. V. Sidgwick. In the formula 
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II 

0=s 
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Co-ordination theory. 


it is assumed that three of the oxygen atoms in the molecule arc held by pairs of 
principal valencies while the fourth oxygen atom is held by a single auxiliary valency. 
This difierence is not justified, and even A. Werner said that there is no real difierence 
between principal and auxiliary valencies in complex nuclei. R. Schwarz regards 
pyrosulphuric acid as a isopolyacid, and he represented it hy the unsymmetrical 
formula on the co-ordination theory. T. M. Lowry said that there is nothing to 
justify this since the conventional formula expressed in terms of electrons is more 
in accord with the mode of formation and behaviour of the compound : 


H-O-OaS-O-SOaOH 

Co-ordination form\da. Conventional formula. 

Here each sulphur atom is surrounded by four oxygen atoms satisfying the 
conditions for co-ordination although one oxygen must belong to both co- 
ordination spheres. J. Stieglitz discussed the polar structure of sulphuric acid, 
and E. B. R. Prideaux represented the electronic structure : 


HO 

HO 


>S< 


It might he added that E. Divers supposed that the sulphur in sulphuric acid is 
q[uadrivalent, and he wrote the formula : 


HO 

HO 


>S<, 


W. Spring preferred P. A. Kekule’s old chain formula HO.S.O.O.OH ; and 
W. A. Dixon, S(0.0H)2. W. J. Pope and S. J. Peachey showed that sulphur can 
act as. a tetrad ; and H. E. Armstrong and P. P. Worley say that there is no satis- 
factory evidence that sulphur ever has a higher valency. They account for the 
hexafluoride hy the same argument that is generally applied to the polyhalides, 
namely, that the fluorine atoms form a closed system. W, Barlow and W. J. Pope’s 
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tlieory of valency volume indicates that the volume sphere of influence of sulphur, 
like that of oxygen, is never more than twice that of hydrogen ; and they therefore 
wrote the formula SO3.H2O as advocated by J. J. Berzelius. H. E. Armstrong 
and F. P. Worley add that sulphur, like oxygen, whilst potentiaEy a tetrad, usually 
behaves as a dyad. They based their formula for sulphuric acid on the hydrone 
theory ( 1 , 9 , 7 ), and regard the median oxygen atom as the centre of activity in the 
molecule of the acid. As a consequence of this hypothesis that sulphuric acid is a 
compound of sulphur trioxide with hydrone, it is assumed that sulphuric acid is 
really a monacidic compound like the sulphonic acids. They represented the 
monohydrate, H2SO4.H2O, and the dihydrate in a similar way 




H ^ : \ H 

HaSO^.SH.O 


They add that the hydrate H2SO4.4H2O is perhaps formed by the union of 3H2O, 
€71 hloc^ with the monohydrate. Some speculations on the constitution of the 
sulphuric acids were also made hy N. M. Teplofl, E. Wiherg, and A. Hantzsch and 
F. Diirigen. 

The analyses of H. Davy,^ R. Chenevix, J. Dalton, M. H. Edaproth, 
C. L. Berthollet, and J. C. G. de Marignac are in agreement with the empirical 
formula H2SO4 ; the analyses of T. Grraham, J. Thilo, R. Pictet, L. Pfaundler and 
E. Schnegg, with H2SO4.H2O, and with H2SO4.2H2O ; and the analyses of 
S. U. Pickering, and E. von Biion, with H2SO4.3H2O. The vapour density deter- 
mination of H. St. C. Deville and L. Troost showed that the mols. of the vapour 
are dissociated : H2S04^S03+B[20 at 440 ®, because the observed 1*74 agreed with 
the value 1*69 calculated for that change ; A. Bineau observed 2 T 55 . The vapour 
density of H2SO4 which freezes at 10 * 43 ®, determined by V. Meyer’s method 
in the vapour of anthracene (boiling at 351 ®) or triphenylmethane (boiling at 
359 ®), gives a mol. wt. 100 * 9 - 101 * 9 , so that at 10-20 above its b.p. sulphuric acid 
vapour is a mixture of (H2S04)2.H2S04, SO3, and H2O molecules. Analogous 
results are obtained ..with sulphuric acid containing varying proportions of 
water. 

Mtric acid has the mol. formula HNO3, and the derivatives, hr205, HO2CI, 
HKO3, boil at 47 ®, 5 ®, and 86° respectively ; while the corresponding derivatives 
of sulphuric acid boil : sulphur trioxide at 46 * 2 ® ; sulphuryl chloride at 69 - 1 ® ; 
and sulphuric acid at 338 ®. The difference in the intervals between the h.p. of the 
acid and anhydride in the two cases is explained as an eflect of the polymerization 
of sulphuric acid, and not of nitric acid. Hence, H. M. Vernon assumed that in 
cone, sulphuric acid the mols. are present as (H2S04)2 because of the relatively high 
b.p. ; and W. Vaubel also obtained a similar result for the complexity of the molecule 
at 338 ®. G. C. Longinescu, however, inferred that the molecule is not associated. 
The change in the mol. surface energy of sulphturic acid with temperature is so small 
that E. Aston and W. Ramsay considered the liquid contained highly polymerized 
molecules — ^probably (H2S04)23. The f.p. of soln. of sulphuric acid in acetic, 
chloracetic, and formic acids, and in nitrobenzene correspond with the doubled 
formula (H2S04)2. Methyl sulphate, (GH3)2S04, in absolute sulphuric acid (freezing 
at 10 * 43 ®), forms methyl trihydratosulphate, CH3H3(S04)2, which is a salt of a bis- 
Sidphimc acid» or disidphiiric acid» 154(804)2, while in acetic acid or benzene, the 
mol. wt. of methyl* sulphate corresponds with the formula (CH3)2S04, which is a salt 
of metasulphuric acid, H2SO4. Hence, it is inferred'that the formation of methyl 
trihydrosulphate does not depend upon the existence of a doubled mol. of methyl 
sulphate, but on a doubled sulphuric acid mol., (H2S04)2* G. Oddo and G. Anelli, 
therefore, infer that, like siilphur trioxide, sulphuric acid exists in two forms, the 
one disulphuric acid, (H4S04)2, is represented by ordinary absolute sulphuric acid ; 
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and that tlie metasulphuric acid, H 2 SO 4 , is not known in the freci state, 
acid is also regarded as the second hydrate of ^-sulphur trioxidc : 


0 ^,. .0 0 


HO. .. OH 
^ "OH 


^-Sulpluir trioxide. 


Disulphuric acid. 


Disulphuric 


pyrosulphuric acid, H 2 S 2 O 7 , being the first hydrate. H<'nce, pyrosiilphuric acid 
is metadisiilpliiiric acidrH 2 S 207 , and bis-siilphuric acid is paradisnlphuric acid, 
HoSoOg. A Geuther explained the constitiitionarfornuila of som<i siilphonates— 
e.g. chalk}"! disulphohenzoate. 


CgH^CCOOM). ^ .OR 

0-,s<J;>s:-0 

MO^ 'OR 


where M and R denote respectively metal and alkyl radicle- — on the assumption 
that they are derivatives of paradisulphiiric acid. This view of the constitution 
is taken to explain the dimorphism and other variable properties exhibited by many 
sulphates. According to E. J, Maumene, the elevation of temp, which occurs when 
olive oil is mixed with sulphuric acid, is greater or less, according as the acid has 
been recently boiled or otherwise. Thus, with acid boiled a few hours previously, 
a temp, of 42° was obtained ; whereas with acid that liad been kejit about two 
months, only 34*5° was reached. No change in the optical or other pliysical pro- 
perties of the acid revealed the existence of this structural in odifi cation. 
M. Berthelot also found that the heats of soln. of the fresldy-juepared and long- 
kept acids are the same. 
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§ 29. Sulphuric Acid — History, Occurrence, and Preparation 

So far as our knowledge goes^ the ancients were acquainted with only one acid, 
namely, vinegar or acetic acid ; but G. F. Rodwell ^ thought it probable that sul- 
phuric acid was known to them. Jabir Ibn Hayyan, in his The Invention of Verity or 
Perfection^ an Arabian work supposed to have been written in the eighth century, 
refers to the production of diss(^ving water by distilling nitre with vitriol ; and to 
the formation of a spirit by distilling alum. The twelfth-century translation of 
Geber^s De investigatione magisterii refers to a spirit which can be expelled from alum 
by heat, and which possess solvent powers. According to F. Hoefer, Abou Bekr al 
Rhases, a tenth-century writer of Persian origin, referred, en termes ohscurs et 
amihigus, to an oil which was obtained by the dry distillation of atrament or ferrous 
sulphate. The residue was crocus ferri or ferric oxide ; the oil could have been no 
other than sulphuric acid. Indeed, the fuming acid has been manufactured by that 
very process. In the twelfth century, Alberlus Magnus, in his Oonijposiium de com- 
positis, obtained what he called spiritus vitreoli romani by the dry distillation of 
Roman alum. He said : Sulphur philosophorum is not common sulphur, but .rather 
the spirit of Roman vitriol ; and it is obtained by the distillation of vitriol. In, his 
De rebus metallicis et mineralihus, Albertus Magnus used the word vitriol for 'the 
first time for ferrous sulphate — viride atramentum^ quod a quihusdem vitreolum 
vocatur. About the same time, Vincent de Beauvais, in his Speculum naturali, 
alluded to a solutiva corporum which was prepared in a similar manner, and which 
must have been sulphuric acid. Towards the end of the sixteenth century, 
A. Libavius referred to an acid as the spiritus aluminosum, and he showed that 
it is the sanae acid as oleum vitrioli obtained by the weathering of pyrites, and as 
spiritus vitrioli per campanum obtained by burning sulphur under a hell-jar. At the 
beginning of the seventeenth century, Augustus Sala described the preparation of 
spiritus vitrioli hy the dry distillation of iron or copper vitriol, and by burning sulphur 
m moist vessels accessible to air. Shortly afterwards the preparation of the acid was 
also described by N. Lemery, E. R. Seehl, and by J. C. Bernhardt. The seventeenth- 
century pseudonymous writer Basil Valentine described the preparation of olea 
vitrioli by the dry distillation of a mixture of ferrous sulphate and sand, and of 
oleum sulphuris by burning sulphur with nitre, but he regarded these two acids as 
different substances — vide supra, sulphur trioxide. He said that by gradually 
heating copper ard ferrous sulphates in a luted retort, there collects in the receiver 
first a white spirit which is mercurius philosophorum, and then a red spirit which is 
sulphur philosophorum. J. R. Glauber also refers to the preparation of corrosive 
oil of vitriol ; and H. Cardan, to the oil obtained hy distilling chalcante or misy — the 
^fbrmer is supposed to he partially oxidmed pyrites, and the latter, an ochre 
'impregnated with copperas. J. Kunckel showed that the mercurius pMlosophorus 
or spiritus vitrioli differs from sulphur philosophorum, oleum vitrioli, or ros vitrioli 
only in being associated with different proportions of water. R. Boyle also said 
that the acids obtained from vitriol and from burning sulphur are identical. The 
properties of the acid were described by W, Gould, R. Boyle, H. Cavendish, H. Boer- 
haave, and C. J. Geoffrey. 

The phlogistian’s view that sulphuric acid is dephlogisticated sulphur has been 
discussed in connection with sulphur. The phlogistians regarded sulphuric acid 
as an elementary substance. This hypothesis seemed to be supported by R. Boyle’s 
observation that sulphur is produced by heating sulphuric acid with turpentine ; 
and hy J, H. and C. J. Gravenhorst’s observation that sulphur is produced when 
a vegetable decoction putrefies in the presence of sodium sulphate. R. Kixwan 
supposed that sulphur was phlogisticated sulphuric acid, and his analysis gave 
59 per cent, of sulphuric acid, and 41 per cent, of phlogiston, although R. Boyle, 
and J . Mayow had previously stated that sulphur must be regarded as a constituent 
of sulphuric acid. In 1772, and 1777, A. L. Lavoisier showed that sulphuric acid 
is a hydrated oxide of sulphur, and its composition was established hy the analyses 
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of J. J. Berzelius, C. L. Berthollet, L. J. Tlienard, R. Chenevix, J. B. Trommsdorff, 
J. B. Ricliter, C. F. Bucliolz, M. H. Klaproth, H. Davy, and J. Dalton — vide supra, 
sulphur trioxide. 

To-day, sulphuric acid is manufactured by oxidizing sulphur dioxide. This 
is e:ffected in the so-called chamber process by using nitrogen oxide as a catal}d:ic 
agent in the presence of steam ; and in the so-called contact process by using finely 
divided platinum, or one of the metal oxides as catalytic agent — vide supra, sulphur 
trioxide. W. Ostwald ^ has pointed out that if Zeit Geld ist — time is money — 
then catalysis, which may be said to accelerate the speed of reactions without the 
expenditure of energy, is of the greatest importance in chemical industries because 
in speeding up reactions, ‘the catalytic agent saves time and incidentally money. 
In the seventeenth century, sulphuric acid was usually manufactured per carnpanum 
— by the bell — ^for pharmaceutical purposes. Here, an earthenware dish with a 
charge of sulphur rested on an iron tripod in an earthenware pan, and a glass hell 
was suspended over the burning sulphur. The operation of burning was repeated 
until the acid was sufficiently concentrated to enable it to be satisfactorily con- 
centrated in glass retorts. It was recommended to work during the equinoxes 
because the air then contained more moisture. Another improvement, recom- 
mended by K. Digby, was to put water in the pan so as to condense the fumes. 
J. R. Glauber, and N. Lemery improved the process by mixing about 5-5 per cent, 
of nitre with the sulphur. This hastens the oxidation of the sulphur dioxide to 
sulphur trioxide, and, added C. bTeumann, it enables the sulphur to burn by itself 
without communication with the external air, and by this means, nearly all the 
fumes are preserved. It was said that the resulting acid does not contain any 
nitrous acid, because the acid of nitre is destroyed by the deflagration. This 
improvement was also patented in 1749 by J. Ward and J. White. According to 
E. Dossie, in 1740, J. Ward was manufacturing sulphuric acid at Richmond, near 
London, using large glass bell-jars up to 66 gallons capacity. The subsequent 
history of sulphuric acid manufacture has been described by G. Lunge, W. Wyld, 
0. Guttmann, J. Mactear, W. P. Reid, R. F. Carpenter, etc. They said that the 
manufacture was introduced into England by C. Drebbel ; and that the introduction 
of lead chambers in place of glass beU-jars is due to Mr. Roebuck of Birmingham, 
who erected a leaden chamber about 6 ft. cube in 1746. Numerous other plants 
were soon afterwards erected in diflerent parts of the country, and the number and 
capacity of the lead-chambers was increased so that in 1805, a factory at Burnt 
Island had 360 chambers each with a capacity of 192 cub. ft. P. de Wolf and 
E. L. Larison described the history of the manufacture of sulphuric acid in the 
United States. The process was improved by blowing steam into the chambers 
during the combustion of the sulphur ; and in 1793, F. Clement and J. B. Desormes 
improved the process by feeding the chambers with a continuous supply of air. 
Between 1807 and 1810, according to J. Mactear, J. Holker made the process 
continuous by continuously burning the sulphur. J. L. Gay Lussac’s tower for 
recovering the oxides of nitrogen escaping from the chamber gases was introduced 
about 1827 in a works at Chauny ; and the concentrating and denitrating tower 
of J. Glover, about 1859, in a works near Durham. 

The occurrence ot sidphuric acid. — S. Eisholtz^ concluded that air contains 
some sulphuric acid because colcothar — the residue from the dry distillation of 
ferrous sulphate — after exposure to air furnishes on dry distillation some acid ; and 
G. E. Stahl, likewise, because potash-lye furnishes crystals of the alkali sulphate 
after it has been exposed to air for a long time. 6. W. Wedel objected to 
J. S. Eisholtz’s experiment, maintaining that the sulphuric acid had not all been 
driven from the colcothar, and that the effect was due to absorbed moisture ; and 
G. E, StahPs observation has not been confirmed. A. R. Smith found that the air 
of Manchester contained 3772 grms. H2SO4 per million cub. metres. 6. H. Bailey 
investigated the air of Manchester and its suburbs ; and H. Ost, the air in the 
neighbourhood of Manoret—mde 8 . 49, 1. Free sulphuric acid occurs in many 
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Tolcanic spring waters; and J. D. Dana^ called natural free sulpliiiric acid, sulphatife. 

A. von Humboldt, and J. B. J. D. Boussingault observed that the Rio Viiiagre 
wbicb flows from tbe Purace in the Andes contains 1*11 grms. sulphuric acid per 
litre. At the summit of Purace, the water contains hydrogen sulphide. B. Lewy 
found 0*255 per cent, of sulphuric acid in the water of a spring at Paramor de Ruiz, 
New Granada. The acid was found by A. Eleischer to occur in the spring-water 
of Porjaer Eudosberge in the Carpathians ; T. S. Hunt, 3*5010 grms. per litre in 
the Sour Spring of Tuscarora, Canada ; J. Lofort, 3*643 grms. per litre in the 
crater water of Popocatepetl, Mexico ; W. J. Craw and IT. Erni, 2*007 grms. per 
litre in the water of Oak Orchard, Alabama, New York ; S. de Luca, 1*1730 grms. 
per litre in the water of the solfatara at Pozizuoli ; F. Stolba, in the spring-water 
of Dobran, Claraschacht ; E. Pollacci, in the spring-water of Aix, Savoy, and of 
San Filippo, Tuscany ; G. Baldassani, in the grotto Zoccolino, Tuscany ; J. P. de 
Toutnefort, in a grotto at Milo ; G. de Dolomieu, in a cave at iEtna ; and J . W. Mallet 
found the free acid in drainage-wells west of the Neches river, Gulf of Mexico ; and 
in the acidic waters of Louisiana no less than 5*290 grms. of free sulphuric acid per 
litre were present. According to A H. van der Boori-Mesch, and C. G. C. Rein- 
wardt, the water of the sulphuric acid lake of Java is white owing to the j)resence of 
precipitated sulphur, and the vapour of hydrogen sulphate escapes from the crater. 
As G. Bischof says, the sulphuric acid has not been formedAn the volcanoes but 
near the surface where air has access — ^part of the hydrogen sulphide exhalation 
is oxidized to sulphur, and part to sulphuric acid — not sulphurous acid. A. E. Fers- 
man observed that the opal hydrogel of the Daryasa Hill, Transcaspia, contains 
adsorbed sulphuric acid. Combined sulphuric acid in the form of sulphates is very 
common in natural waters, and is distributed • as suli)hates of the. metals and 
ammonixmi in the organic and inorganic kingdom. 

C. Bodeker and F. H. Troschel,^ S. de Luca and P. Paiiceri, and R. L. Maly 
found up to 2*47 per cent. H 2 SO 4 in the secretions of some molluscs ; 13. Gibertini, 
and R. Kayser found the free acid in wines ; and A. Hilger, in ac(^tic acid. G . Musso 
and F. Schmidt discussed the occurrence of sulphates in cow’s milk ; B. Grimaldi, 
and C. Papi, in whey ; and P. B. Hav 7 k and J. S. Chamberlain, in tlu‘ (‘.xcretions of 
man. According to E. Meyer-Bisch, the concentration of total sulx)huric< acid in the 
blood-serum of normal individuals is about 18 mg. per cent. This amount is altered 
to a variable extent in nephritis and constantly raised in diabetes. The sulphuric 
acid content of the cerebro-spinal fluid is greater than that of the set am, and is 
raised in meningitis, syphilis of the central nervous system, and encephalitis. 
Pleural exudates and mdema fluids contain about the same amount of sulphuric 
acid as the blood serum ; lymph from the thoracic cluct contaiiis a variable 
amount but greater than the blood. 

The formation of sulphuric acid. — Sulphuric acid is formed by dissolving sulphur 
trioxide in water, and D. M. Lichty ® described a method ■ of preparing sulphuric 
acid of definite concentration by mixing stoicbiometrical proportions of these 
constituents. As indicated in connection with sulphur, sulphuric acid is slowly 
formed when the element is oxidized in moist air ; by heating sulphur and water 
in a sealed tube at 200° ; by the combustion of sulphur in moist air — W. C. Young, 
C- Heisch, ana G. W. Wigner ; by the electrolysis of water with sulphur electrodes — 
E.^ Becquerel, by the action of various oxidizing agents — chlorine, hydrochlorous 
acid, nitric acid, and a mixture of nitric acid and potassium chlorate— on sulphur. 
W. Wicke also noticed that a stick of sulphur wound about with lead wire gives 
crystals of lead when dipped in lead nitrate, and lead sulphate is formed ; with 
copper wire and copper nitrate soln., copper sulphate and sulphide are formed. 
T. Parkman also noted the formation of sulphuric acid when sulphur is boiled with 
a soln. of lead acetate, silver nitrate, or a cupric salt. The formation of sulphuric 
acid by the oxidation of sulphur dioxide — by hydrogen dioxide, the lialogens, 
hypochlorous acid, nitric acid, and by many salts of the metals, auric chloride, 
mercuric salts, manganese sulphate, etc. — ^has already been discussed. Commercial 
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processes liave 136011 suggested for oxidizing sulpiiur dioxide witJb. cHorine, and 
produce hydrocliloric aud sulphuric acids simultaneously : SO 2 + 2 H 2 O+CI 2 
=H 2 S 04 + 2 HC 1 — e.g. W. Haehner, H. ToHer, and A. Coppadoro. B. Heumann 
and F. Wilczewsky obtained sulpliuric and hydrocliloric acids from sulphurous 
acid and chlorine. 

Sulphuric acid is formed by the action of oxidizing agents on the polythionic 
acids (q.v.) and on thiosulphuric acids or thiosulphates (q.v,), E. F. Smith obtained 
sulphuric acid as a product of the electroxidation of metal sulphides. Sulphuric 
acid was shown by O. Binder, U. Collan, A. Liehen, E. von Mayer, and E. Priwoznik 
to be a product of the combustion of coal gas ; and S. D. Crenshaw, of the com- 
bustion of anthracite, E. Salkowsky, and W. J. Smith observed the formation of 
sulphuric acid in the organism — vide suqpra, sulphur. G. Guittonneau isolated 
from soils a micro-organism capable of transforming thiosulphates into sulphates. 

L. Thompson obtained an acid of the highest degree of purity by treating 
calcium sulphate with oxalic acid, and evaporating the filtrate ; and C. L. Bloxam, 
by allowing sulphur dioxide — ^prepared from sodium sulphite and sulphuric acid at 
a low temp. — ^nitric oxide — ^from a mixture of potassium nitrate, ferrous sulphate, 
and sulphuric acid — and water to come in contact in a glass vessel as in the chamber 
process for sulphuric acid — vide infra. For other methods, vide infra, the purifica- 
tion of sulphuric acid by distillation, etc. 

Other methods of making sulphuric acid have been proposed. For instance, 
H. W. Deacon ^ found that sulphur dioxide mixed with atm. air, and in the presence 
of a soln. of cupric sulphate, is oxidized to sulphuric acid. H. Rossler applied the 
process to acid smokes ; and J, B. Daguin substituted salts of manganese, iron, ox tin 
for cupric sulphate. A. M. G. Sebillot passed sulphur dioxide and air through heated 
columns of pumice-stone into which steam with more air was passed — vide supra, 
sulphur trioxide. 

O. Bender ^ exposed a mixture of sulphur dioxide and oxygen, with or without 
nitrogen oxides, in an oxyhydrogen flame, or of water-gas. If air be present, a 
little nitric acid is formed. W. Hallock exposed the mixture to an ionizing agent — 
e,g. a radioactive material ; H. Klihne, to ultra-violet rays of a mercury arc lamp ; 
and A. Coehn and H. Becker, to ultra-violet rays, at a temp, above 300° — vide supra, 
sulphur dioxide. 

Although H. Bufl and A. W. Hofmann,io and H. St. C. Devilie obtained sulphur 
trioxide by the action of an electric spark discharge on a mixture of sulphur dioxide 
and oxygen, A. F. G. Reynoso patented a process for making sulphur trioxide by 
sparking a compressed and cooled mixture of sulphur dioxide and atm. ak. 
Various modifications — by L. Bradley, W. Garroway, W. J. Kee and U. Wedge, 
H. Riesenfeld, H. V, Welch, H. M. Weber, etc. — have been devised for dealing 
with burner gases, etc. 

L. Wacker proposed to prepare cone, sulphuric acid by the electrolysis of 
water or diL sulphuric acid through which a continuous stream of sulphur dioxide 
is passed. Modifications were devised by L. P. Basset, C. F. Bohringer, G. C. de 
Briailles, A. Fischer and G. Delmarcel, A. Friedlander, A. von Gratzel, C. B. Jacobs, 
A. C. Johnson, P. G. Salom, etc. F. P. van Denberg electrolyzed molten calcium 
sulphate and subsequently hydrated the sulphur trioxide which was evolved. 
According to E. R. Watson, sulphuric acid and sodium hydroxide can be obtained 
by the electrolysis of a 40 per cent. aq. soln. of sodium sulphate, employing a 
platinum, iron, or copper cathode and a platinum, lead, or carbon anode, a current 
density of about 4 ampferes per sq. dcm., and a potential difference between tbe 
electrodes of about 5 volts, starting tbe electrolysis at about 30° and allowing the 
temp, to rise to about 40° ; conversion into sodium hydroxide and sulphuric acid 
can be effected with a current efSciency of about 90 per cent., and an energy efficiency 
of about 50 per cent, provided electrolysis is not carried beyond an average con- 
version of about 25 per cent. Nearly ail tbe^ sodium sulphate may be crystallized 
out of the alkaline liquor, leaving sodium hydroxide in the mother-liquor nearly 
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pure, and sodium tydrosulphate may be similarly obtained from the acid liquor. 
Sulphuric acid is best produced from the sodium hydrosulphate by distillation. 
The process was investigated by H. V. Atwell and T. Fuwa. According to R. Saxon, 
the electrolysis of a soln. of an equimolar mixture of copper sulphate and ammonium 
aluminium sulphate yields a soln. of sulphuric acid which may reach a cone, of 
17 per cent, in 7 hrs. Simultaneously copper is deposited on the cathode arid 
aluminium hydroxide in the catholyte. 

The sulphates of the alkalies, alkaline earths, and lead arc not appreciably 
afiected, . chemically, at a red-heat, but the hydrosulphates form pyrosulphates, 
which split up into the normal sulphates and sulphur trioxide ; but while the 
reaction can be utilised for the manufacture of fuming sulphuric acid, the cost is 
too great for the ordinary acid. The ferric and aluminium sulphates and other 
acid sulphates yield sulphuric acid at a comparatively low temp., but the other 
sulphates, requiring a high temp, for their decomposition, yield sulphur dioxide 
and oxygen, and comparatively little sulphuric acid or sulphur trioxide. Most of 
the sulphates, too, require sulphuric acid for their preparation in the ordinary way ; 
and the cost is too great except in the case of ferric sulphate for the manufacture of 
fuming acid, discussed by F. S. Wartman and H. E. Keycs,i- and 0. C. Ralston. 
The enormous stores of gypsum or anhydrite in nature have incited many to devise 
attempts to tap the contained sulphuric acid. For instance, a series of processes — 
by M. Kuenzi, E. Fremy, W. Townsend, C. von Grabowsky, E. V. Evans, 
H. A. Archereau, H. Hilbert, H. Trey, R. Wedekind, V. Cummings, etc. — are based 
on driving out the sulphur trioxide or sulphur dioxide and oxygen by heating 
gypsum with quartz, sand, clay, etc., with or without iron oxide or pyrites. 
0. Kohsel heated a mixture of finely ground gypsum and coal dust so as to form 
caihon dioxide and calcium sulphide. The carbon dioxide was passed over heated 
water and calcium sulphide from a previous operation so as to form calcium car- 
bonate and hydrogen sulphide. The hydrogen sulphide was burnt for sulphur 
dioxide, which was then delivered into the lead-chambers and treated in the ordinary 
manner. 0. Schott used a mixture of sodium sulphate, gypsum, and coal, and 
employed the resulting frit for glass making. A. Scheurer-Kestner, M. Martin, 
and J. Anzies heated calcium or magnesium sulphate with ferric oxide, with or 
without coal. B. Dirks prepared ammonium sulphate by the action of ammonia 
and carbon dioxide on gypsum ; treated the ammonium sulphate with phosphoric 
acid, and decomposed the resulting ammonium phosphate by heat to recover the 
ammonia and phosphoric acid. W. Dominik, and I, Moscicki and W. Dominik 
discussed a modification of this process. Many processes have been devised 
for obtaining sulphuric acid from alkali hydrosulphates — e.g. nitre-cake. 
E. R. Watson described a process for making sulphuric acid and sodium hydroxide 
by the electrolysis of sodium sulphate. 

The chamber process of manufacture. — In the chamber process of making 
sulphuric acid^^ there are involved : 

The burners. — The sulphur dioxide is made in the burners, (1) by the com- 
bustion of sulphur (brimstone); (2) by heating pyrites, zinc blende, the spent 
oxide from gas-works, etc., in a current of air ; or (3) by the combustion of 
hydrogen sulphide, etc. — vide su'pra, sulphur dioxide. Air is drawn through 
the burners in excess of that required for oxidizing the sulphur. The necessary 
draught is regulated by chimney, or fans. The burner gas contains sulphur dioxide, 
nitrogen, and oxygen. 

2. Nitraiing the gas. — ^Fox introducing nitrous fumes into the gas, a mixture of 
sodium mtrate and sulphuric acid is heated in the track of the hot burner gas, or 
nitric acid is introduced into the liquid which trickles down the Glover’s tower ; 
or nitrous fumes are introduced into the lead chambers.^^ S. F, Spangler discussed 
the use of ammonia-oxidation plants in place of the nita^ate process ; and R. Tern, 
the oxides derived from the oxidation of air. 

3. The Ghver's tower. — -The hot mixture of air and sulphur dioxide passes up a 



SULPHUR 


367 


tower packed witk flints, volcanic lava, or blue bricks, down wMcli trickles a mixture 
of a weak acid from the lead chambers and the strong nitrated acid which has been 
used to absorb nitrous fumes, and recovered in the Gay Lussac's tower to be 
described later. The tower is lined with voivic lava, or blue bricks. The functions 
of the Glover’s tower are : (1) to recover the nitrous oxides from Gay Lussac’s tower ; 
(2) to cool the gases from the burners ; (3) to help to concentrate the acid trickling 
down the tower ; (4) partly to oxidijze the sulphur dioxide from the burners ; and 
(5) to introduce the necessary nitric acid into the lead chambers by running nitric 
acid down the tower along with the nitrated acid or nitrous vitriol from the Gay 
Lussac’s tower. Before the acid reaches the foot of the tower it is fully or almost 
fully denitrated ; 2(N0s)HS03+S02+2H20=3H2S04-f2]Sr0, 

4. The lead Q'eaction-chambers, — The mixture of air, sulphur dioxide, and nitrous 
fumes passes into a set of three leaden chambers — ^may be a total capacity of 150,000 
cubic feet — ^into which steam is blown from low press, boilers. The gases in the 
chambers are thus intimately mixed. The oxidation of the sulphur dioxide mainly 
occurs in the first two chambers. The gases are passed through the chambers 
slowly so as to allow time for all the sulphur dioxide to be oxidized. The third 
chamber serves mainly to dry the gases. The chambers are kept cool enough to 
condense the sulphuric acid which collects on the floor and is drawn off periodically. 
It is called chamber acid. Chamber acid contains between 62 and 70 per cent. 
H 2 SO 4 . 

The cost of erecting and maintaining the leaden reaction chambers, and the large amomit 
of space they occupy, have incited inventors to devise methods for reducmg the capacity 
of the chambers, or for substituting less costly plant. The proposals for manufacturing 
sulphuric acid in a diminished space are based on the assumption that if the gases were 
better mixed the sulphur dioxide would be more quickly oxidized, and smaller chambers 
would be practicable. K. Abraham studied the movements of the gases in the chambers. 
The better mixing of the gases can be effected by artificial draughts. T. Richters pro- 
posed to mix the gases by introducing a steam injector which aspirated the gases from the 
lower part of the chamber and re-introduced them at the top. Various modifications of 
the idea have been proposed by N. P. Pratt, O. Guttmann, H. Babe, A. J. Boult, F. Blau, 
J, A. Hart, O. Wentzki, Thomson-Houston Co., G. H. Davis, H. Porter, T. Meyer, E. Hart- 
mann and F. Benker, etc. The mixing of the gases can he accelerated by the use of specially 
shaped chambers. Thus, in E. and T. Delpiace’s annular chambers, the gases are con- 
tinually changing their direction owing to the shape of the chambers. F. J. Falding used 
a very tall chamber trusting to convection currents to hasten the mixing. This system 
has been discussed by F. 0. Falding and W. R. Cathcart, H. Petersen, E. Hartmann, 
G, Lunge, R. Hoffmann, etc. T. Meyer devised what h© called tangential chambers 
arranged so that the entrance pipes form a tangent with the walls of the annular chambers. 
The gases circulate roimd and round before finding their exit from the centre. G. Lunge 
discussed this system. Modifications have been devised by C. W, Crosse-Legge, J. Harris 
and D. H. Thomas, H, V. Welch, R. E. Dior, S, Zeromsky, etc. 

In. another set of proposals for reducmg the capacity of the chambers, the chamber 
gases are exposed to a greater surface to facilitate the condensation of the mist. J. Mactear 
showed that a tray 1 sq. ft. area placed in a vitriol chamber collected 708grms. of sulphuric 
acid in 24 hrs. ; if 12 pieces of glass strips 12 X 6 in. were placed vertically in the tray, the 
amount of acid obtained rose to 1641 grms., and when the glass strips were placed hori- 
zontally, the amount of acid rose to 3226 grms. The idea of introducing, glass sheets 
into the chambers was proposed by W. Ward ; and various other materials were used by 

V. Brulfer, K. Walter and E. Boeing, L. G. Fromont, H. R. Dawson, etc. 

Another way of increasing the production of acid is by the use of intermediate or 
reaction towers for mixing and cooling the gases between the chambers. This is illustrated 
by the towers discussed by «T. Thyss,^^ E, Sorel, G. Lunge, P.W. Hofmann, H. H. Hiedenfuhr, 

F. B. Hacker and P. S. Gilchrist, R. H. Winsloe and B. Hart, B. Hart and G. H. Bailey, 

W. Wyld and S. W, Shepherd, H. Rabe, etc. La the extreme case, the lead chambers 
are wholly replaced by towers or their equivalent. This is illustrated by T. Barhier,^*^ 
F- Benker, F. Blau, A. Burkhardt, J. F. Carmichael and F. Guillaume, Ghemischo Fahrik 
Grieaheim-Elektron, F, Curtius, A. G- Diiron, Durand, Huguemn and Co,, A. W. Fairlie, 
J. Fels, W. Fulda, P. S, Gilchrist, O. Guttmann, B. Hart and G. H. Bailey, E. Hartmann, 
R. Hasenclever, L. Heinz, N. L- Heiaz and M, F. Chase, W. Hunt, E. W, Kauffmaxm, 
Kaltenbach Pipe Process,^ P. Kestner, N. Krantz, W- F. Lamoreaux, E. L. Larison, S. Litt- 
mann, A. MacDougal and H. Bawson, J. Mackenzie, T. Meyer, R. Moritz, O. Miihlhauser, 
C. Opl, P. Parrish, H. Petersen, P. Pipereaut, H. Porter, K. B. Quinan, Cl J. Reed, 

G. Schliebs, T- Selimiedel and H. Klencke, Bteuber and Co., T. Tliede, L. A. Thiele, 



368 


INOEGANIC AND THEOEETIOAL CHEMISTKY 


S. Tungay, H. Vollberg, W. H. Waggaman, K. Walter and E. Boenig, XJ. Wedge, 
O, Wentzki, etc. 

5. The Gay Lussa&s tower , — The excess air whicli leaves tiie lead chambers is 
highly charged with nitrogen oxides. These are recovered by causing the exit of 
gases from the chambers to pass up a tower, packed with coke, down which cone, 
sulphuric acid is trickling. G. Lunge^^s and P. E. Hallwell showed that coke slowly 
reduces nitrous acid or nitroxylsulphonic acid to nitric oxide, and a packing made 
from glass, or vitrified bricks or stoneware of special shapes is in many cases pre- 
ferred. The packing of gas scrubbing towers was discussed by S. J. Tungay, 
E. G. Donnan and I. Masson, and F. C. Zeisberg. The cone, acid absorbs the nitrous 
fumes, forming nitroxylsulphonic acid. Nitric oxide is not absorbed, but nitrous 
acid and nitrogen peroxide are absorbed.^^: The nitrated acid or nitrous vitriol 
which collects at the foot of the Gay Lussac’s tower is pumped to the top of the 
Glover’s tower along with some of the more dilute chamber acid. The nitrated 
acid trickling down the Glover’s tower loses the absorbed nitrous fumes and some 
water. The acid which collects at the foot of the tower contains about 80 per cent. 
H2SO4. 

6. The concentration of the acid . — The chamber acid is not allowed to attain a 
higher concentration than about 62 to 70 per cent. H2SO4, because a more cone, 
acid begins to absorb the nitrous fumes from the chambers. The chamber acid is 
therefore concentrated further either in the Glover’s tower as indicated above, or 
in leaden concentrating pans until it contains about 79 per cent, of H2SO4. If the 
acid be much more cone, than this, it begins to attack the lead evaporating pans 
rather seriously. This acid is now called E.O.F. or brown oil of vitriol — ^its brown 
colour is due to the presence of organic matter. H. de Hemptinne ^5 recommended 
concentrating the acid in vacuo at 200°~205® when lead is not perceptibly attacked. 
The further concentration of the brown oil of vitriol is efiected either by boiling it 
in vessels or stills of glass, vitrified quartz, platinum, or acid-resisting alloys. The 
acid may also be placed in these stills direct from the chambers. At &st, very weak 
sulphuric acid distils over. The cone, of the acid in the still gradually rises until 
it, has about 98*3 per cent. H2SO4 — vide infra, physical properties. Any further 
concentration cannot he done by evaporation since the acid itself then distils over. 
The further concentration of the acid, in the event of its being required, was effected 
by G. Lunge,-® and H. Osterberger and E. Capella, by cooling the cone, acid, and 
crystals of 100 per cent. H2SO4 were obtained. 

W. Strzoda concentrated sulphuric acid by first evaporating it in open lead pans 
to a sp. gr. 1*7 ; and then passing the acid downwards through vertical pipes 
externally heated. The vapours pass through a tower, where they are separated 
into an acid of sp. gr. 1*7 and steam. The acid passes hack into concentrating 
pipes. The acid obtained in the process is 97 to 98 per cent, strength. Numerous 
observations have been made on the concentration of sulphuric acid. P. Vaillant 
discussed the theory of the evaporation. The consumption of heat in the concentra- 
tion of sulphuric acid has been discussed by L, Cerutty,28 Q. Tyler, P. S. Gilchrist 
F. C. Sutton, and F. C. Zeisberg. The general subject of the concentration of the 
acid is the subj ect of a work by J. W. Parkes. F. Tate discussed the merits of various 
systems of concentration in platinum vessels, in W. C. Heraeus’s vessels of platinum 
plated with gold ; in vessels of porcelain ; and in vessels of iron, or enamelled 
iron. A. Scheurer-Kestner described the losses attending the use of platinum 
concentrating pans ; and F. Liitz, the use of glass vessels. Electrical heating was 
discussed by A. H. Bucherer, and C. Haussermann and F. Niethammer. 

The distillation of sulphuric acid is too costly an operation except for special 
purposes. As the quantity of acid in the retort diminishes, lead sulphate may 
separate from the liquid. The acid is particularly troublesome to boil because of 
that percussive ebullition called humping. The acid appears quite tranquil for a 
little while, and as soon as a certain amount of heat has accumulated in it, a great 
volume of vapour is suddenly evolved, and acid may be projected violently into 
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the receiver, and the retort broken. J. L. Gay Lussac said that platinum foil 
may counteract the violent bumping to some extent ; A. Bobierre recommended 
platinum, and F. M. Raoult, hard gas carbon wliich is only slightly attacked 
by the boiling acid. J. J. Berzelius showed that the efficacy of the platinum 
ceases after a while ; and he recommended applying the heat only to the sides of 
the retort, not to the bottom. According to J. Reese, this condition is obtained 
by resting the retort on a base of a bad conducting material — ashes, sand, etc. 
A. Muller used a ring burner. W. Dittmar recommended drawing a thin stream of 
air through the boiling acid. 

Instead of using glass retorts, G. Negrier used a series of porcelain dishes arranged so 
that the lij:) of one dish projects over the next dish. The dishes are placed in senes and 
heated from below, while the acid to be concentrated runs from the highest to the lowest 
dish. This furnishes the cascade system of concentration. F. Benker improved the process 
by enclosing the dishes in a chamber of volvic lava so that the flue gases are kept separate 
from the acid vapours which are condensed in a lead-lined box filled with granular stone- 
ware or silica. An acid coritaiaing 97-98 per cent. H 0 SO 4 can be so obtained. The basins 
may be of vitreous silica, or one of the so-called acid-resisting alloys. The basins may be 
associated with leaden pans for the preliminary heating. Cast-iron dishes are also used 
for the concentration of acid from 94 to 98 per cent. II 0 SO 4 . The action is slight, and most 
of the iron separates from soln. as insoluble sulphate as the acid becomes highly cone. 

The concentration of sulphuric acid by hot-air is displacing the cascade system. In 
L. Kessler's hot-air process^^^ the hot gases from a producer charged with coke are drawn 
over the surface of the acid by means of a steam exhaust. The acid is contained in a 
trough of volvic lava, and the vapour passes up a short tower down which dil. acid is trick- 
ling. The acid vapours are here partly absorbed, and the remainder is arrested by a lead- 
lined condenser filled with fragments of coke. T. C. Oliver, P. S. Gilchrist, and others 
have modified the plant- The concentration inA.Gaillard’s spraying process is effected 
by hot-air. The dil. acid is sprayed into the top of a cylindrical tower of volvic lava, the 
hot gases from a coke producer enter at the bottom of the tower. The hot gases passing 
away from the top of the tower are scrubbed in a chamber filled with fine coke to remove 
the acid vapours. The acid is in a cone, condition as it arrives at the bottom of the tower. 
The process was examined by J. W. Farkes and E. G. Coleman, A. Hutin, A. G. Duron, 
and G. Stolzenwald. M. Kaltenbaeh investigated the electrostatic precipitation of the 
mist from the spray concentration plant. 

The 'purification of sulphuric acid. — Commercial chamber acid always coutaiiis 
a number of impurities derived partly from the raw materials — e.p. p5u:ites in the 
burners, the nitre, the lead of the chambers, etc. The impurities may he hydro- 
chloric acid from the nitre (J. McMullen, 3- R. J. Kane, and J. F. W. Johnston), 
hydrofluoric acid (J. Kickles), sulphur dioxide, selenium, nitrogen oxides — 
nitric oxide, and nitrous and nitric acid, alkalies from the nitre (J. F. A. Gottling), 
copper (J. J. Berzelius, and J. B. Trommsdorfl), calcium and magnesium 
(C. H. Pfafl), zinc and mercury (J. J. Berzelius), aluminium, thallium (W. Crookes), 
titanium (C. H, Pfafl), tin (J. J. Berzelius), lead, arsenic, antimony, iron 
(E. Kauder), arsenic (J. J. Berzelius), and organic matter. A sample of ordinary 
commerical sulphuric acid of sp. gr. 1*7 was found ^3 to contain in grams per litre : 

AS 2 O 3 As,Os HCl N 2 O 3 FeSO* AlsCSOA Ou, Zn, Pb, Se, Sh, Bi 

3*18 2-56 0-08 0-52 0*56 0*46 ^ traces 

The impurities are usually present in proportions too small to he injurious for many 
of the uses to which the acid is applied ; hut there are cases where the impurities 
may cause trouble. Thus, B. Deutccon^^ found that a minute proportion of 
mercury may make the acid less suitable for pickling brass objects nitric acid 
may cause wool to he stained in the carbonizing process, arsenic and chlorides 
render the acid unsuitable for storage batteries, and F, J. Falding showed that 
such an acid is unsuitable for preparing certain colours, and for pickling iron 
previous to galvanizing or tinning. Arsenic is also considered objectionable when 
the acid is to he used in the preparation of foodstuffs, and medicines. F. Schultz 
found that refined white petroleum becomes yellow when agitated with sulphuric 
acid containing a little selenium. E. Barniel showed that the sulphuric acid 
contaminated with nitrogen oxides may attack platinum, and particularly so if 
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chlorides he present. The nitrogen oxides and arsenic are important enough to 
require very special attention. The brown colour of sulphuric acid is attributed 
to organic matter which is destroyed when the acid is further concentrated. 
R. Norrenberg alluded to a red colour produced by the contact of sulphuric acid, 
containing a little nitrous acid, with iron tanks. Selenium may colour sulphuric 
acid red or green as indicated below. The presence of lead sulphate, and of selenium, 
may also cause the acid to appear muddy, and ultimately form a sediment — • 
E. von Giese. 

According to 6. Lunge and W. Ahenius,^® nitrogen compounds may be present 
as nitric oxide, and as nitroxylsulphonic, nitrous and nitric acids ; and, according to 
J. Kolb, nitric acid can be present in acids with a lower cone, than sp. gr. 1*84:. 
The detection of these compounds was discussed by E. Barruel, E. Desbassayns 
de Richemont, Y. A. Jacquelain, E. Kopp, G. Lunge, A. Rose, H. Schiff, A. Vogel, 
H. W. E. Wackenroder, E. Warington, J. H. Wilson, and C. Wittstock. Most 
of the nitrogen compounds are expelled from sulphuric acid when the arsenic is 
removed by hydrogen sulphide. A. Kemp, and A. Payen described a method of 
treating the acid with sulphur dioxide to remove the nitrogen oxides ; E. Barruel, 
and P. Schwar^enherg, by treating the heated acid with finely-divided sulphur, but 
E. Bode said that the process is not efiicient ; J. Lowe recommended oxalic acid ; 
H. B. Steenbexgen, agitation with mercury ; H. W. F. Wackenroder, sugar ; 
W. Skey, charcoal — only for the dil. acid ; K. Eosensfand-Woldike, lead or barium 
dioxide ; and J. Pelouze, ammonium sulphate. The ammonium sulphate treat- 
ment has proved the most satisfactory of reagents. The process was examined 
by J. Pattinson, W. E. Gintl, and G. Lunge and W. A. Abenius. 

Sulphuric acid prepared from sulphur does not usually contain arsenic, and if 
arsenic be present, it is only in insignificant traces. Spent oxide from gas-works 
yields an acid with 40 to 50 parts of arsenic per million, while acid derived from 
blende, or pyrites, usually contains more arsenic. According to P. Parrish, 37 
30 per cent, of the arsenic in the pyrites will be found in the chamber and 20 per 
cent, in the unvolatilized cinders, and about 50 per cent, in the acid from Glover’s 
tower. M. Stahl found that with Spanish pyrites, the acid from the first chamber 
contained 0*16 per cent. AS2O3 ; from the second, 0*01 per cent. ; from the third, 
0*007 per cent. ; and from the last, only a trace ; while with pyrites from Virginia 
containing less arsenic, the acid from the first chamber had 0*005 per cent. AS2O3 ; 
and acid from the other chambers, none. In some cases, where the gas from the 
burners passes through chambers for collecting dust, much of the arsenic is arrested 
as arsenical flue dust.^s C. L. Bloxam found that all the samples of commercially 
pure acid which be examined contained traces of arsenic ; acid purified by heating 
with sodium chloride, by distillation with potassium dichromate, and by partial 
electrolysis, all contained traces of arsenic. E. W. Martius,39 H. W. P. Wacken- 
roder, F. P. Bulk, H. B. A. Eicinus, J. B. L. Arthaud, A. Vogel, E. Selmi, E. Seybel 
and H. Wikander, H, Hager, L. Eosenthaler, E. Kissling, G. Bressamin, etc., studied 
the occurrence of arsenic in sulphuric acid. According to E. E, Hjelt, the arsenic 
in the acid from Gay Lussac’s tower contains nitrous vapours in soln., and these 
oxidize the arsenic to the pentoxide, whereas in Glover’s tower the excess of sulphur 
dioxide converts the arsenic to the trioxide. The high-valent arsenic does not 
volatilize when the acid is distilled, whereas the low-valent arsenic is volatile. 
Hence, A. Bussy and H. Buignet, E. M. Lyte, M. Blondlot, and W. E. Hardwick 
oxidized the arsenic to the non-volatile, quinquevalent form by the addition of 
nitric acid. The acid can then he mixed with a little ammonium sulphate to destroy 
the nitrous acid, and then distilled. M. Blondlot said that an excess of ammonium 
sulphate reduces quinquevalent arsenic to the volatile, tervalent form. This 
A. Bussy and H. Buignet deny. E. M. Lyte destroyed the nitrogen compounds in 
the acid by heating it with oxalic acid to 110°, and adding potassium 'dichromate 
to the acid cooled to 100°, This oxidizes the arsenic, and the liquid yields arsenic- 
free sulphuric acid when distilled. Potassium permanganate can also be used as 
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the oxidizing agent, M. Morance tried to purify the acid by fractional freezing, 
but the separation of arsenic was not complete. E. S. Tjaden-Moddermann, and 
A. A. Hayes also proposed to purify the acid by freezing. E. Gothard recommended 
removing arsenic by shaking the acid with colzer oil so as to precipitate the arsenic, 
lead, etc.; in the form of soaps. 

Many have suggested removing the arsenic as volatile trichloride by heating 
the acid with hydrogeigi chloride — G. D. Beal and K. E. Sparks, above 125^ — 
the b.p. of arsenic trichloride — and at a much lower temp, than the b.p. of the acid. 
Thus, L. A. Buchner first destroyed the nitrogen oxides with oxalic acid, then 

reduced the arsenic to the tervalent form hy heating the acid with carbon, and 

then passed a current of hydrogen chloride through the liquid. A. Bussy and 

H. Buignet said that this process does not give a satisfactory result, bub 

L. A. Buchner said that this only occurs when quinquevalent arsenic is not reduced 
to the tervalent form. J. Lowe heated the acid with sodium chloride, and 
H. Schwarz with a mixture of sodium chloride and charcoal dust. W. Tod added 
that a temp, of 130°— 140° is sufficient when hydrogen chloride is used, and 180°- 
190° with sodium chloride. J. L. Smith said that neither process is sufficient to 
remove all the arsenic. N. Grager used barium chloride ; F. Selmi, lead chloride ; 
G. Bressanin, liydriodic acid ; and H. Hager, chloroform. The United Alkali Co., 
and W. W. Crowther and co-workers have many patents for the removal of arsenic 
as volatile chloride. If selenium be absent, the arsenic can be reduced with sulphur 
or charcoal, and hydrochloric acid, and if selenium be present, sulphur is not 
advisable. W. Hasenbach, and the Verein Chemischer Fabriken, Mannheim, 
recommended extracting the arsenic trichloride with hydrocarbons, mineral oils, 
and glycerides ; the Chemische Fabrik Griesheim-Elelrtron, with benzene or its 
derivatives — e,g. dichlorobenzene — or with carbon tetrachloride or acetylene 
tetrachloride. If chamber acid is being treated, a little iodine or hydriodic acid and 
sulphur dioxide is recommended for reducing quinquevalent arsenic to the tervalent 
form. The removal of arsenic as sulphide was formerly used because impurities 
like lead, antimony, and selenium are removed at the same time, and sulphurous, 
nitrous, and nitric acids are destroyed . The precipitation of quinquevalent arsenic 
is much slower than is the case ~with tervalent arsenic. M. A. Kolontayeff 
recommended an electrolytic process. Calcium sulphide or alkali waste has 
been recommended as precipitant ; A. Dupasquier used barium sulphide ; 
J. L. Smith, ferrous sulphide ; J. L. Smith, and L. Ducher, alkali sulphides ; and 
G. Thomson, ammonium sulphide. W. Thorn, and E. Wagner recommended 
sodium or barium thiosulphate. Various modes of applying hydrogen sulphide 
for the purpose have been suggested by W. Hunt, K. Scheringa, G. E. Davis, 
A. A. Hayes, H. E. J. Cory, The United Alkali Co., I. F. J. KupSerschlager, 
T. S. Moore, G. E. Clark, and E. Bithell and J. A. Beck. L. W. McCay heated the 
acid with the gas at 100° under press. G. Lockemann, and T. S. Moore studied the 
general subject of the dearsenification of sulphuric acid. Like arsenic, antimony is 
removed from sulphuric acid as sulphide ; similarly also with lead. When cone, 
sulphuric acid is diluted, a white turbidity of lead sulphate appears. The subject 
was examined by A. A. Hayes, G. C. Wittstein, P. A. BoUey, J. Lowenthal, etc. 
A. Dupasquier showed that cone, sulphuric acid containing lead does not give a 
precipitate with hydrogen sulphide. M. A. Miropoljskaja said that the mercury 
which is not removed from sulphuric acid by distillation, can be separated by 
electrolysis with a gold anode. / 

Selenium occurs in sulphur pyrites, and it may find its waj in the fiue-dust, in 
the chamber mud, and, as shown by G. E. Davis,^<> G. Lung&, and P. Kienlen, in 
sulphuric acid. This subject was discussed by J. Personne, J. G. Dragendorff, 
E. Sebmidt, G. Lunge, A. Lamy, F. Schultz, A. Scheurer-Kestner, A. Jouve, 
N. A. Orlofi, M. P. Sergeeff, L. Deutsch, F. Schlagdenhaufen and C, Pagel, etc. 
According to A. E. Drinkwater, selenium is present as selenium dioxide or as 
selenium ; S. Littmann said that, contrary to F, Winteler, he did not find selenic 
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acid in tlie chambers ; it is formed only in the presence of the strongest oxidizing 
agents, and the conditions for its formation do not occur in the chambers under 
normal conditions. In the burner gas the excess of sulphur dioxide reduces the 
selenium dioxide to selenium. He said that the dark red sludge observed in the 
hot acid from Glover’s tower contains 2-4 per cent, of the total selenium in 
the pyrites. Incompletely denitrated Glover’s acid contained all its selenium in the 
form of selenium dioxide ; dii. samples of Glover’s acid, on the other hand, con- 
tained a part of the selenium in some other form of coml)ination in which it had 
the property of being precipitated from soln. as a red powder by merely diluting 
the acid ; in such cases the precipitation of red selenium on dilution could be pre- 
vented by drawing a feeble stream of nitric oxide through the acid immediately 
after it had been diluted. Inasmuch as only about 20 per cent, of the selenium 
from the pyrites can be accounted for in the Glover’s tower, it follows that the 
major portion must pass on to the chambers. The tubes leading from the Glover’s 
towei to the chambers contained both red selenium and the combined form, but no 
dioxide. The green colour of the ordinary commercial acid is due to the presence 
of the compound SeSOs ; when this acid is further cone, it becomes colourless 
owing to the conversion of this substance into the colourless Se02- Wherever 
nitrosylsulphuric acid is formed or decomposed, either of the various forms of 
selenium is converted into selenious acid ; and the main quantity of the selenium 
escaping from the pyrites exists in the form of a very volatile labile combination 
corresponding with a lower state of oxidation, such as SeO ; in this form it is 
readily reduced to elementary selenium or oxidized to selenium dioxide. J. Personne 
said that selenium can be removed by diluting the acid with three vols. of water, 
and precipitating with sulphur dioxide ; F. Schlagdenhaufen and C. Pagel rectified 
the acid by distillation from potassium diebromate ; and A. E. Drinkwater, by 
heating it with sodium chloride, when the selenium passes off with the hydrogen 
chloride. 

P. Askenasy purified sulphuric acid by electrolyzing the agitated liquid with 
lead electrodes at ordinary or a slightly elevated temp., with a current density of 
1-2 amps, per sq. decimetre, and 6 volts. The ozone which is formed destroys 
organic substances and hydrochloric acid; finely-divided sulphur reduces the 
nitrogen oxides ; and the hydrogen sulphide precipitates metals, etc. 

Kie theory of the lead chambers. — The catalytic action of the nitrogen oxides 
on the oxidation of moist sulphur dioxide in the lead chambers lias given rise to 
much discussion. F, Clement and J. B. Desormes opened up the subject in 1795. 
All are agreed that the oxidation is not directly efiected by oxygen ; but an inter- 
mediate compound is formed ; so that the reaction is really a cyclic process involving 
the alternate formation and decomposition of the intermediate compound. Start- 
ing with nitric acid, E. M. Peligot supposed that this compound is reduced to 
nitrogen peroxide: 2HNO3+SO2— H2SO4-4-2NO2 ; and that the nitrogen peroxide 
is reoxidized to nitric acid and nitric oxide : 3NO2+H2O—2HNO3+NO. The 
nitric oxide ^is then oxidized to nitrogen peroxide : 2N0-f-02=2N02, which is then 
reduced to nitric oxide : N02+S02+H20==H2S04+N0, and so on ad infinitum, 
or until the nitrogen oxide is dissolved and carried away by the sulphuric acid, 
or by the outgoing chamber gases. This theory was adopted by J. JColb ; and 
J. Pelouze and E. Fremy, G. Lunge, G, E. Davis, E. Jackson, J. Mactear, J. Hurter, 
E. K. Muspratt, E. Sorel, and J. K. H. Inglis believed that the mechanical losses 
constitute the greater proportion of the total loss ; while, G. Eschellman believed 
that 78 per cent, of the' total loss is due to secondary chemical changes in the 
chambers. E. M. Peligot suggested that some nitrogen oxide is lost by a side 
reaction — ^reduction to nitrous oxide or nitrogen which can no longer take part 
in the cycle. P. Kuhlmann, however, said that under ordinary conditions the 
supposed side reaction : 2S02+2N0-f 2H20=2H2S04-t-N2, does not occur ; and 
R. Weber, and E. Fremy said the same thing about the supposed side reaction : 
3S02+2N02+3H20=3H2S04+N20. J. Pelouze, C. Irwin, R. Weber, and 
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G. Lunge showed that when in contact with water or dii. sulphuric acid, the higher 
nitrogen oxides are slowly reduced to inactive nitrous oxide by sulphur dioxide : 
N2O4+3SO2+3H2O-3H2SO4+N2O ; No 03+2S02+2H20=2H2S04+N20 ; and 
2]SrO+S02+H20=N20+H2S04, in contact with a more cone, acid, these reactions 
take place very slowly or not at all. Consequently, these losses occur only when 
water or steam is in excess, or in the viemity of the entering steam. C, Irwin said 
that the reactions : 2(N02)HS03+S02+2H20-3H2S04+2H0 ; and 2(N02)HS03 
-|-2S02+3H20=4H2S04-|-N20 may occur ; and W. Hempei showed that in the 
presence of a large excess of sulphur dioxide and water, nitric oxide is almost 
completely reduced to nitrous oxide, only very small quantities of nitrogen are 
formed, and T. L. Bailey observed that in the presence of sulphuric acid the reduc- 
^tion of nitrous acid to nitrous oxide occurs provided the acid has a sp. gr. less than 
1*225. Some reduction does occur ; J. K. H. Inglis could account for only a 10 
per cent, loss by reduction to nitrous oxide ; W. Hempei and O. Heymann observed 
greater losses. It is, therefore, admitted that some of the active nitrogen oxide 
is reduced to a passive oxide ; F. Raschig even went so far as to say that some 
reduced to ammonia, for he detected ammonia in the chamber acid when an excess 
of sulphur dioxide is present. In general, however, any ammonia present would 
react with nitrous acid to form nitrogen and water. 

Returning to E. M. Peligot’s hypothesis, J. J. Berzelius, and R. Weber raised 
the objection that sulphur dioxide is oxidized by nitric acid only at a high temp. 
— say 80° — and cone., and only a trifling oxidation occurs under the conditions 
which obtain in the lead chambers. J. J. Berzelius represented the cyclic reactions : 
2S09+N204+2H20=2H2S04*-f-2]S[0 ; arid 2NO+O2—N0O4 ; while R. Weber gave 
S02+N203+H20==H2S04+N0, and 4H0+02=2H203^ and W. C. Reynolds 
and W. H. Taylor, SOg+HaO^HaSOg ; H2S03+H02=N0+H2S04 ; and 2NO+O2 
=2N02. These suggestions explain the facts as well as any other hypothesis 
which has been made. The early workers did not distinguish clearly between 
nitrogen trioxide and tetroxide ; in what follows nitrogen tetroxide and nitrogen 
peroxide, as well as the formulae NO2 and N2O4, are used indiscriminately for the 
same compound. Nitrogen trioxide is the anhydride of nitrous acid, and R. Weber 
said that nitrous acid is the intermediate compound which oxidizes siilphur dioxide 
to sulphuric acid, forming nitric oxide. This occurs only when the nitrous acid 
is dissolved in water or in dil. sulphuric acid soln. which can be obtained by the 
dissolution of nitrogen trioxide or tetroxide. Tn the latter case nitric acid is formed 
at the same time ; while dil. nitric acid has very little effect on sulphur dioxide 
at ordinary temp., but the acid with nitrogen tetroxide dissolved in it oxidizes 
vigorously. Nitric acid is not formed in the normal working of the chambers, 
nor in the acid from Gay Lussao’s tower, hence the theory that the nitrous vapours 
are reduced down to nitric oxide is not in favour because the reoxidation of nitric 
oxide involves the formation of free nitrogen tetroxide and of nitric acid. There 
is another group of hypotheses in which imaginary intermediate compounds have 
been invented. The elusive and transient intermediate compound has not been 
isolated. F. CMment and J. B. Desormes surmised that water is necessary for the 
reaction, and they observed the formation of white crystals which gave out nitrogen 
oxide gas when treated with water, and they suspected that this compound plays 
a prominent part in the formation of siRphuric acid. H. Davy showed that the 
reaction proceeds only in the presence of water, and if insufficient water is present, 
crystals of nitrosylsulphuric acid, (N02)HS03, the so-called duamb&r add — axe 
formed. Consequently, H. Davy, F. H, de la Provostaye, L. Gmelin, C. Winkler, 
R. W. Hasenclever, and 6. Lunge suggested that this is the intermediate compound. 
G. Lunge and co-workers showed that (1) dry nitric oxide, out of contact with 
sulphuric acid, unites with an excess of free oxygen to form nitrogen tetroxide, 
and if the nitric oxide be in excess, some nitrogen trioxide is also formed ; (2) in 
the presence of moisture, nitric oxide and an excess of oxygen form nitric acid ; 
(3) dil. sulphuric acid of sp. gr. 1*405 acts like water, but a small quantity of nitrous 
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acid is formed — ixitroxylsulptonic acid cannot exist in an acid of tiiis cone. ( 4 ) If 
nitric oxide be slowly passed into sulphuric acid in the presence of oxygen^ only 
that portion of the nitric oxide in immediate contact with the sulphuric acid is 
not oxidized beyond the nitrogen trioxide stage, but all the nitric oxide not in con- 
tact with the acid behaves like the dry gas in the presence of an excess of oxygen, 
and forms nitrogen tetxoxid^. Hence, in 1888 , G. Lunge summarized his theory : 
sulphur dioxide combines directly with nitrogen trioxide, oxygen, and a little 
water to form nitroxylsulphonic acid which floats in the chamber as a mist ; on 
ineeting an excess of water, or dil. sulphuric acid, also floating about as a mist, the 
nitroxylsulphonic acid is split up into sulphuric acid, which settles to the bottom 
of the chamber, and nitrogen trioxide which begins to act again. Nitrogen trioxide, 
and not nitric oxide, is thus the carrier of oxygen. The formation of sulphuric 
acid is not brought about by the alternate oxidation of nitric oxide to 
nitrogen trioxide or tetroxide, which is subsequently reduced to nitric 
oxide, but rather by a cycle of reactions involving the condensation of 
nitrous acid with sulphur dioxide and oxygen to form nitroxylsulphonic 
acid : 2S02+N£03+0o+il20=2(N02)HS03, followed by the splitting up of the 
nitroxylsulphonic acid by the excess of water, 2{N02)HS03+H20==2H2S04+No03, 
or (N02)HS03+H20=H2S04+HN03 ; or (S02+HN02+0)gas=(N02.HS03)^.t ; 
and (N02.HS03)nust+H20~Il2S04+HN02. If an excess of sulphur dioxide 
be present : N02.HS03+S02+2H20=3Il2S04H-2N0, and the nitric oxide is 
oxidized by air to the trioxide. In favour of this hypothesis it is urged that 
the acid found in the chambers, the drips, and the bottom acid of the back chambers 
all contain nitroxylsulphuiic acid. J. Hurter said that the relative amounts of 
acid formed in a series of chambers decrease approximately in geometrical pro- 
gression from the first to the last chamber. The subject was studied by H. S. Smith, 
J. Mactear, N, Naef, G. Lunge and N. Naef, W. Crowder, and W, H Maudsley. 
G, Lunge and K Naef, A. Schertel, and S. Better showed that the oxidation of the 
sulphur dioxide is rapid as far as the middle of the first chamber, after which it 
rapidly decreases ; and there is an abrupt revival when the gases enter the second 
chamber. A. Schertel interprets this to mean that the mist of nitroxylsulphonic 
acid formed in the second half of the first chamber remains undecomposed owing 
to the scarcity of steam, and that there is consequently a deficiency of the catalytic 
agent. As the gases enter the second chamber, fresh steam decomposes the nitroxyl- 
sulphonic acid, nitrogen oxide is liberated, and there is a renewed activity ; the 
mist of nitroxylsulphonic acid is again formed, and the reaction is suspended 
in the second chamber as in the analogous case in the first chamber. He said 
that nitroxylsulphonic acid is fairly stable, and requires a large proportion of 
steam for its decomposition, E. Sorel assumed that in addition to the main 
reaction: 2 S 02 + 2 NO+ 30 +H 20 = 2 (N 02 )HS 03 , a number of secondary reactions 
occur : 2N0+0=N203 ; NO+O-NOg ; 2S02+H203+02+H20=2(N02)HS03 ; 
2S02+3N203-i-H20=2(N02)HS03+4NO ; and 2 S 02 + 4 N 02 +H 20 -= 2 N 0+0 
+2(N02)HS03. There are also the reactions 2(N02)HS03-i-H20=N203-|-2n2S04 ; 
S02+N^203+H20=H2S04-f-2N0. The objection has been raised by J. J. Ber* 
zelius, and R, Weber that aU this does not prove that nitroxylsulphonic acid is the 
real intermediate compound when the chambers are working under normal con- 
ditions. W- C. Rejmolds and W. H. Taylor say that it may be regarded as doubtful 
if nitroxylsulphonic acid — chamber crystals — ^plays an important part in the 
exchanges in the chambers themselves. E. Divers, indeed, expressed a doubt 
whether it is ever formed except by the action of .sulphuric acid on one of the oxides 
of nitrogen, but as sulphurous acid reacts with soln.^of chamber crystals, some 
sulphuric acid is possibly formed in this manner. Nitroxylsulphonic acid appears 
when there is a drought, Le. a dearth of water. The nature of the intermediate 
compound may varj with the conditions of temp., and with the relative propor- 
tions of the reacting gases. Indeed, the cyclic of reactions may differ in different 
parts of the same chamber. 
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According to M. Neumann, the reactions in the Glover’s tower and in the 
chamber furnish nitroxylsulphonic acid: 2S02+2N04-304-H20=2(ISr02)HS03 
+(22;+20*1) Cals., which occurs in two stages ; 2NO+O=N2O3+20G Cals., and 
2S02+N203+02+H20=2(N02)HS03+2ic Cals. On the other hand, whereas 
in the chambers nitroxylsulphonic acid reacts : 2(N02)HS03+H20=2H2S04 
+N2O3, in the Glover’s tower it reacts with water and sulphur dioxide : 
2(N02)HS03+S02+2H20==3ll2S044-2N0+(ic+32/ — 20 * 1 ) Cals. This reaction 
occurs in two stages : 2(]Sr02)HS03+E[20=2H2S04-fN203+2^ Cals., and 

N203+SO2+H2O=H2SO4+2]Sr04-(ic+2/— 20 * 1 ) Cals., where £ij+«/= 54 : Cals. Since 
the denitration in the lower part of Glover’s tower implies the endothermic reduction 
of a mol of nitrogen trioxide to 2 mols of nitric oxide with the absorption of 20*1 
Cals., which are evolved again in the upper part of the tower, it is suggested that 
the operation he conducted in a series of towers, the upper parts of which are cooled 
and the lower parts are heated, while the apparatus is so arranged that as the ratio 
O2 : SO2 increases and conseq[uently the tendency against the reduction of nitrogen 
trioxide to nitric oxide, the gases he heated to a correspondingly higher temp., to 
favour the endothermic reaction. G. Hexing said that nitrogen trioxide reacts 
more quickly than nitrogen peroxide — ^if the former gas h^ really nitrogen trioxide 
; this is taken to support G. Lunge’s hypothesis. 

F. Easchig elaborated a counter-hypothesis. He stated that in the presence 
of a large excess of oxygen, nitric oxide is converted to the trioxide, not the tetroxide, 
hut this is not in agreement with the known instability of the trioxide (q.v.). How- 
ever, G. Lunge showed that a mixture of nitric oxide and nitrogen tetroxide behaves 
towards sulphur dioxide the same as if it were nitrogen trioxide. F. Easchig 
assumed that dihydro:^lamidosulpLonic acid, N(0H)2.HS03, or nitrosylsulphonic 
acid, NO.HSO3.H2O, is the intermediate compound formed by the union of 
nitrous and sulphurous acids : HN02+S02=N0.HS03 ; and this is decomposed 
by more nitrous acid into nitric oxide, and sulphuric acid: NO.HSO3+HNO2 
=2N0-f-H2S04 ; and the nitric oxide is then oxidized to nitrous acid : 
2N0+0-(-H20=2HN02, and the cycle begins anew. If the sulphur dioxide is 
in excess hydroxyimidodisulpbonic acid, (H0)N(HS03)2, or nitrilotrisulphonic 
acid, N(HS03)3, may be formed. G. Lunge objected that this hypothesis does not 
explain the presence of nitrogen tetroxide, and of nitroxylsulphonic acid in the 
lead chambers ; and, further, that the reactign : 2N0-|-0-l-H20=2Hnsr025 does 
not occur since nitric acid is quantitatively formed. This is in agreement with 
the observations of M. Bodenstein, and of E. Briner and E. Fridori. F. Easchig 
maintained that the constitution of nitroxylsulphonic acid is 02=N — SO2— OH, 
and not 0 =N — 0 — SO2—OH ; and that reducing agents convert this into nitrosi- 
sulphonic acid, 0=N(0H)(HS03), with quadrivalent nitrogen : NO.HSO3+HNO2 
=N0+N0(0H)(HS03), the hydroxynitxosylsulphonic acid easily breaks down into 
nitric oxide and sulphuric acid: N0(0H)(HS03)— N0-fH2S04. The hydroxy- 
nitrosylsulphonic acid (q.v.) was supposed hy F. Easchig to be identical with the 
blue compound formed when an excess of sulphur dioxide is passed through a soln. 
of nitroxylsulphonic acid in cone, sulphuric acid, and the cause of the pxuple colour 
in the acid from Gay Lussac’s tower when an excess of sulphur dioxide is present, 
A controversy between G. Lunge, and F. Easchig on the merits of their respective 
hypotheses was summarized by S. Hamburger, and W. Wyld, the general result 
of which is to show that F. Easchig’s hypothesis is less probable because it is founded 
on too many questionable, auxiliary hypotheses, and that it does not explain the 
observed facts so well as G. Lunge’s. 

In 1904 , E. Divers attempted a reconciliation. He said that sulphuric acid is 
produced in the lead chambers by a reaction between the liquid and gaseous parts 
of the mist, in which the two transient intermediaries, nitrosylsulphonic and 
nitroxylsulphonic acids, take part. The liquid particles of the mist consist of cone, 
sulphuric acid, holding nitroxysulphonic acid in soln., continually absorb sulphur 
dioxide and oxygen which, by the catalytic action of the nitroxylsulphonic acid, 
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form tsulpiiuric acid as fast as tliej are absorbed. Under normal conditions^ suffi- 
-water is absorbed partially to hydrolyze the nit.roxylsulphonic acid, 
ON.O.HSO3, into its constituent acids. Two mois of sulphur dioxide and one 
uiol of oxygen are simultaneously absorbed because they find themselves between 
the NO-raciicle of the catalyst — one moment as NO.O.HSO3 and next moment as 
NO.HSO3. Nitric oxide thus plays no direct part in the reactions, and the catalyst 
is alternately NO.O.HSO3 and NO.HSO3. In 1911 , E. Divers favoured a modifica- 
tion of F. Raschig's hypothesis, and he believed that what F. Raschig called nitrosi- 
snlphonic acid has the composition H2N^S0^5, and that it is the only intermediate 
substance formed in the reaction : 2HN02+S02='H2N2S0g ; and H2N2SO0 

=2NO-|-H2S04 ; and 2NO-1-04-H20=2HN02 — vide supra. 0 . W. Jurisch, 
W. Manchot, and W. C. Reynolds and W. H. Taylor have adversely criticized 
F. Easchig’s hypothesis. 

S. Littmann concluded that nitroxylsulphonic is not the main product of the 
intermediate reactions, but is rather an unavoidable evil. The intermediate com- 
pound is either hydrox3dmidodisulphonic acid, or nitrosisulphonic acid. These 
are not formed, as F. Raschig assumed, by the oxidation of sulphur dioxide with 
nitrous acid, but by "the action of nitric oxide: 2NO+2SO2H~O2+2H20 
=2N0(0H).HS03. This compound is resolved by water into nitric oxide and 
sulphuric acid. The oxidation of the nitric oxide, and the formation of the com- 
paratively stable nitroxylsulphonic acid occur only when sulphur dioxide is in 
excess, or the supply of steam is impoverished. 

W. Ostwald argued that the nitrous vapour acts as a catalyst in the lead 
chambers merely by increasing the speed of the otherwise slow and incomplete 
reaction : 802+0 +H2O—H2SO4. O. Lunge pointed out that in the case of 
sulphuric acid, this does not mean, as T. Meyer, and O. Wentzki assumed, that the 
intermediate reactions are mere by-reactions of minor importance. W. Ostwald 
probably meant that before accepting the assumption that the catalyst does its 
work through intermediary reactions, proof is required that the assumed inter- 
mediate reactions proceed faster than the direct reaction. J. Erode said that 
where a chemical reaction, as here, is dependent on two intermediate reactions 
of different velocities, the time occupied by the change is limited by the slower 
reaction. In the lead chamber, water is always present as a vapour, and as a 
liquid mist. The higher the temp., a larger proportion of the aqueous mist is con- 
verted into vapour. Nitroxylsulphonic acid requires liquid water for its decom- 
position, hence, as the proportion of liquid mist decreases, the velocity of one 
of the intermediate reactions must also decrease. The direct reaction . is not 
reversible, nor is the reaction : SO2+HNO2+O—NO2.HSO3 reversible ; but the 
reaction : N02.HS03+H20^H2S04+H]Sr02 is reversible. This means (i) that 
after the sulphur dioxide has all disappeared, some nitroxylsulphonic acid will 
remain undecomposed, particularly in the last chamber, where it is not practicable 
to employ sufficient water to decompose all the nitroxylsulphonic acid; and 
(ii) an excess of nitrogen oxides is needed in the last chamber if the oxidation of 
the sulphur trioxide is to be complete. The undecomposed nitroxylsulphonic 
acid is removed in Gay Lussae’s tower, 

E. Loew found that the chemical reactions in the chamber follow the mass law 
in that, with a constant temp., the speed of the reaction is proportional to the 
product of the active masses of the substances taking part in the change. The gases 
in each chamber reach in accord with the concentrations of the reacting molecules. 
T. Meyer attempted to apply the mass law, but, as emphasized by G. Lunge, and 
8. Haagn^ not very successfully. F. Riedel attributed this to the fact that the temp, 
and concentrations are different in different parts of the chamber. 0 , F. Heymann 
found that the catalyst reacts from the first moment of its coming in contact with 
the mixture of sulphur dioxide, oxygen, and water- vapour ; and he examined 
conditions for the efficient working of the chambers. A. Graire also studied the 
reversibility of the reactions in the chamber. Thus, sulphuric acid is reduced hy 
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they meet a descending stream of cone, sulphuric acid. The gases are periodically 
tested for dust, arsenic, etc., to make sure the scrubbers, etc., are working efficiently. 
The dried gases then pass into the contact chamber. In outline, this chamber con- 
sists of a cylinder which contains a number of tubes each packed with platinized 
asbestos placed between perforated shelves. The dry mixture of sulphur dioxide 
and air enters the contact chamber through a series of perforations near the base ; 
and, after passing up to the top of the cylinder around the outside of the tubes 
containing the platinized asbestos, the gases descend through the platinized asbestos 
(where oxidation takes place), and leave the apparatus. The platinized asbestos 
is arranged in this particular manner to avoid local rise of temp, by the heat evolved 
during the reaction : 2802+02=2803+45*2 Cals. Hence, the system has a ten- 
dency to become hotter during the oxidation. Since the best results are obtained 
when the temp, of the asbestos is in the vicinity of 400°, ever 3 ?thing is arranged 
so that the asbestos tubes are at first heated to the necessary temp, by externally 
applied heat, and afterwards maintained at this temp, by the cold gases ascending 
in the interior of the cylinder. Experience shows that 96-98 per cent, of the 
sulphur dioxide can be oxidized in the contact chamber. The white mijst — vide 
infra — of sulphur trioxide is absorbed with great difficulty by water or dil.,sulphuric 
acid ; but it is rapidly and completely absorbed by 97-98 per cent, sulphuric acid. 
Hence, the gases which leave the contact chamber pass into the condensing tanks 
which are made of cast-iron, and contain 97-98 per cent, sulphuric acid. A stream 
of water or diL acid is run into the condensing tanks at such a rate that the con- 
centration of the acid is maintained at 97-98 per cent. If fuming acid be required, 
one or more wrought-iron absorbing vessels are placed between the condensing 
tanks and the contact chamber. Manufacturing details are indicated in mono- 
graphs by F. B. Miles, etc. 
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§ 30. The Physical Properties of Sulphuric Acid 

Cone, sulphuric acid with about 35 per cent, of free sulphur trioxide is solid 
at ordinary temp. ; with 60 per cent., it is liquid ; and with 80 per cent., solid — 
vide su;pra, Fig. 78. The most cone, acid obtained by boiling the ordinary purified 
acid was stated by A. Bineau 1 to contain 99 per cent. H2SO4 ; J. C. G. de Marignac 
gave 98*86 to 98*54 per cent. ; L. Pfaundler and A. Polt, 98*45 ; A. Schertel, 98*66 ; 
H. E. Eoscoe, 98*4-98*8 ; W. Dittmar, 98*20-98*99 ; and R. Knietsch, about 98*3. 
G. Lunge and P. Naef could not obtain a concentration higher than 98*6 per 
cent. H2SO4 by evaporation in vacuo. G. Lunge’s 98*3 per cent, is usually accepted 
as the best representative value. It solidifies just below 0°. The commercial 
cone, acid contains 94-97 per cent. H2SO4. The so-called brown oil of vitriol — 
B.O.V. — has about 79 per cent. H2SO4 ; rectified oil of vitriol — R.O.V. — or doiihle 
oil of vitriol — D.O.V. — has 93*0-95*0 per cent. H2SO4, and, if the arsenic has been 
previously removed, it is called distilled oil of vitriol, although this is not what is 
commonly understood by a distilled liquid. With fuming sulphuric acid the 
total sulphuric trioxide is distributed as follows : 

Total SO 3 . 81*6326 81*8163 83*4693 85*3061 87-1428 88*9795 per cent. 

HgSOj . 100 99 90 SO 70 60 per cent. 

SO 3 free 0 1 10 20 30 40 per cent. 

Total SO 3 . 90*8163 92*6530 94*4897 96*3265 98*1632 99*8163 per cent. 

HgSO^ . 50 40 30 20 10 1 per cent. 

SO 3 free 50 60 70 80 90 99 per cent. 

In order to obtain an acid with a smaller proportion of sulphur trioxide by 
diluting it with ordinary sulphliric acid, let x denote the amount of H2SO4 to he 
added to make 100 parts of the fuming acid ; a, the total SO3 per 100 parts of the 
desired acid ; 6, the total SO3 in 100 parts of the fuming acid to be diluted : and 
c, the SO3 in 100 parts of the sulphuric acid to be added as diluent, then M. Gerstner 
gave a:(a~c)=100(6-“-a). E. F. Anthon also discussed the preparation of soln. 
of a given sp. gr. by mixing the cone, acid with water. According to A. Marshall, 
if 8 denotes the sp. gr. of sulphuric acid at 15°, the percentage amount of H2SO4 
is 86^ — 69*00. E. Biron found that 1 c.c, of a soln. of sulphuric acid at 20° contains 
pD 4903*8 gram-equivalents H2SO4, where D denotes the sp. gr. at 2074°, and p, 
the percentage amount of H2SO4. A. H. W. Aten discussed the preparation of 
sulphuric acid of known strengths from sp. gr. determinations. 

The tendency of sulphuric acid to undercooling was indicated in connection 
with the study of the different hydrates. J. G. Grenfell 2 studied the supersatura- 
tion of soln. of the sulphates ; and J. M. Thomson, the isomorphous crystallization 
of the sulphates, S. Pagliani found that during the electrolysis of soln. of some 
of the sulphates, the salt crystallizes on the anode, when this is made from the 
corresponding metal and does not exceed 40 sq. cm. per ampbre. When cone, 
soln. are used, the strength of the current at the anode is not the same for the 
different salts. The maximum value of the strength of current, with which this 
phenomenon occurs, is, for differently cone. soln. of one and the same salt, the 
greater the more dil. the soln. This value depends also very much on the temp, 
as it increases as the latter rises. The strength of the current at the cathode is of 
no influence. H. M. Vernon discussed the colour of soln. of the sulphates ,* and 
J. Moir, of soln. of various substances in sulphuric acid soln. 

C. A. Cameron and J. Macallan, and J. A. C. Chaptal described the crystals as 
six-sided prisms terminating in pyramids with six faces, and T. Graham described 
the habit as six-sided prisms of a tabular form ; both agree that the crystals belong 
to the hexagonal system. C. A. Cameron and J. Macallan found that the mono- 
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hydrate, H 2 SO 4 .H 2 O, at ordinary temp., is a coloarless, transparent, oily liquid, 
wMch, when cooled, furnishes hexagonal crystals; J. C. G. de Marignac, and 
T. Graham said that the dihydrate, H 2 SO 4 . 2 H 2 O, yields colourless, transparent 
six-sided prisms which J. I. Pierre and E. Puchot called monoclinic. The crystals 
of sulphuric acid were also studied by J. Levallois. 

A large number of determinations of the specific gravity of sulphuric acid have 
been made. Among the early observations are those by J. Dalton , 2 D. G. Fahren- 
heit, B. Kirwan, S. Parkes, A. Ure, L. N. Vauquelin, J. P. J. d’Arcet, P. T. Meissner, 
H. Hager, T. Graham, M. Debezenne, A. Bussy and H. Buignet, T. Thomson, 
J. A. Wanklyn and J. Eobinson, J. B. Eicbter, M. J. J. Dize, A. Bineau, V. A. Jac- 
quelain, C. Langberg, V. S. M. van der Willigen, etc. Other determinations have 
been made of sp. gr. as one of the factors involved in the determination of other 


Table VII. — ^The Specific Gravity of Fttming Sulphuric Acid from 15° to 35® 

(Nordhausen Process). 


Total SO 3 
per cent. 

Sp. gr* at 

15“ 

20 “ 

26“ 

30“ 

I 

35“ 

76*67 

1*8417 

1*8371 

1*8323 

1-8387 

1*8240 

77-4:9 

1*8427 

1*8378 

1*8333 

1*8296 

1*8249 

78-34 

1*8428 

1-8388 

1*8351 

1*8302 

1-8255 

79*04 

1-8437 

1-8390 

1*8346 

1-8300 

1*8257 

79-99 

1-8427 

1*8386 

1*8361 

1*8297 

1*8250 

80-46 

1*8420 

1*8372 

1*8326 

1-8281 

1*8234 

80-94 

1*8398 

1*8350 

1*8305 

1*8263 

1*8218 

81-37 

1*8446 

1*8400 

1*8353 

1-8307 

1*8262 

81-91 

1*8509 

1*8466 

1*8418 

1-8371 

1*8324 

82-17 

1*8571 

1-8522 

1-8476 

1*8432 

1*8385 

92-94 

1-8697 

1-8647 

1*8595 

1*8545 

1*8498 

83-25 

1-8790 

1-8742 

1-8687 

1-8640 

1*8592 

83-84 

1*8875 

1-8823 

1*8767 

1*8713 

1*8661 

84-12 

1-8942 

1-8888 

1*8833 

1*8775 

1*8722 

84-33 

1-8990 

1-8940 

1*8890 

1*8830 

1*8772 

84-67 

1-9034 

1-8984 

1-8930 

1-8874 

1*8820 

84-82 

1-9072 

1-9021 

1-8950 

1-8900 

i 1*8845 

84-99 

1-9095 

1-9042 

1-8986 

1-8932 

i 1*8866 

85-14 

1-9121 

1*9053 

1-8993 

1*8948 

1 1-8892 

85*54 

1-9260 

1-9193 

1-9135 

1*9082 

; 1*9023 

85*68 

1-9290 

1-9236 

1-9183 

1-9129 

1 1-9073 

85-88 

1-9368 

1*9310 

1-9250 

1-9187 

1*9122 

86-51 

1-9447 

1*9392 

1-9334 

1-9279 

’ 1*9222 

86*72 

1-9520 

1*9465 

1-9402 

1*9338 

1-9278 

87*03 

1-9584 

1*9528 

1*9466 

1*9406 

1*9340 

87*46 

1-9632 

1*9673 

1*9518 

1*9457 

1*9398 

88*82 

Cryst 

Cryst 

1*9740 

1*9666 

1*9600 


physical constants by M. le Blanc and P. Eohland, E. Euppin, J . Wagner, A. E. Dun- 
stan and E. W. Wilson, J. Forchheimer, D. Sidersky, H. T. Barnes and A. P. Scott, 

G. Forch, E. K Loomis, 0. Grotrian, W. Ostwald, A. Schulze, P. Kremers, 

B. C. Felipe, V. F. Hess, G. W. Muncke, W. 0. Eontgen and F. Schneider, 
W. H. Perkin, J, Thomsen, F. Kohlrausch, W. Kohlrausch, G. A. Hagemann, 

H. D. Holler and E. L. Pefier, E. Schenck, H. 0. Jones and co-workers, V. F. Hess, 

C. Ch 6 neveau, F. Schottner, F. Schwers, M. Berthelot, F. Zecch^, etc. 
Observations on the fuming acid were made by A. Chapman and E. Messel, 
E. Knietsch, etc. C. Winkler^s results for the sp. gr. and total content of SO 3 , 
from 15® to 35 ®, for fuming sulphuric acid, made by the old dry distillation process, 
axe indicated in Table YII. E. Eoiietsch gave the results in Table VIII for fuming 
acid, from 15® to 4:5®, made by the contact process. 
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Table YIII. — ^The Specific Gbavity op Fximing SuLPBxrBic Aoib PR03ki 15*^ to 45° 

(Coot ACT Process). 


S03 

Sp. gr. 

Total. 

Free. 

15° 


45.° 

81*63 

0-0 

1-8500 

1-8186 

1-822 

83-46 

10-0 

1-888 

1-8565 

1-858 

85-30 

20-0 

1-920 

1-8919 

1-887 

87-14 

30-0 

1-957 

1-9280 

1-920 

88-97 

40-0 

1-979 

1-9584 

1-945 

90-81 

50-0 

2-009 

1-9733 

1-964 

92-65 

60-0 

2-020 

1-9738 

; 1*959 

94*48 

70-0 

2-018 

; 1-9564 

i 1-942 

96-32 

80-0 

2-008 

1-9251 

j 1'890 

98-16 

90-0 

1-990 

1-8888 

! l-86t 

100-00 

100-0 

1-984 

i 1-8370 

i 1-814 


Eor 100 per cent. H 2 SO 4 , E. Knietscb gave 1*8500 at 15° ; 1*8186 at 35 °; and 
1*822 at 45°, J, G. G-. de Marignac said that the acid with about 98 per cent. 
H 2 SO 4 corresponds with a maximum on the sp. gr. curve, and D. P. Konowalo:ff, 
with a minimum on the vap. press, curve. For the crystals of monohydrate, 
H 2 SO 4 .II 2 O, at 0°/4:°, A. Bineau gave 1*951, and 1*792 for the liquid. J. A. C. Chaptal 
gave 1*780 for the liquid ; H. W. F. Wackenroder, 1*784 ; V. A. Jacquelain, 1*7858 
B. I. Mendeleeff, 1*7943 ; E. S. Tjaden-Moddermann, 1*783 at 10 °*; and E. Pictet, 
1-777. For the dihydrate, H 2 SO 4 . 2 H 2 O, T. Graham gave 1*6321 ; V. A. Jacque- 
lain, 1*6746 ; A. Bineau, 1*665 at 0 ° ; D. I. Mendeleefi, 1*6655 at 0°/4° ; and 
E. Pictet, 1*650. Observations for the sp. gr. of soln. of sulphuric acid and water 
were given by E. Kirwan, A. Ure, L. N. Yauqueiin, J. P. J. d’Arcet, A. Bineau, 
J. Kolb, G. Lunge and P. Naef, G. Lunge and M. Isler, S. U. Pickering, A. Smits 
and co-workers, J. E. Katz, A. Marshall, J. E. Pound, H. D. Eichmond, W. C. Fer- 
guson, G. Tammann, etc. J. Domke and W. Bein gave the results indicated in 
Table IX, where N refers to the eq. normality of the soln. at 15° when 1 eq. has 
49*04 grms, H 2 SO 4 per litre. The results in Table IX are calculated from the 


Table IX. — Specipio Gravities op Solutions op Sulphuric Acid between 

0° AND 50°, 


HaSO 
per eeat. 

0= ; 

i 

10° ‘ 

15- j 

20° 1 

1 

25° 

30° 

40° ' 

50° 

N 

0 

0-9999 1 

1-0000 

0-9997 ' 

0-9991 

0-9982 

0*9971 

0-9957 

0-9922 

0-9881 

0-000 

1 

1-0075 

1-0073 

1-0069 

1-0061 

1-0051 

1-0038 

1-0022 

0-9986 

0-9944 

0-205 

2 

1-0147 

T0U4 

1-0138 

1-0129 

1-0118 

1-0104 

1-0087 

1-0050 

1-0006 

0-413 

3 

1-0219 

1-0214 

1-0206 

1-0197 

1-0184 

1-0169 

1-0152 

1-0113 

1-0067 

0-624 

4 

1-0291 

1-0284 

1-0275 

1-0264 

1-0250 

1-0234 

1-0216 

1-0176 

1-0129 

0-837 

5 

1-0364 

1-0355 

1-0344 

1-0332 

1-0317 

1-0300 

1-0281 

1-0240 

1-0192 

1-053 

6 

1-0437 

1-0426 

1-0414 

1-0400 

1-0384 

1-0367 

1-0347 

1-0305 

1*0256 

1-272 

7 

1-0511 

1-0498 

1-0485 

1-0469 

1-0453 

1*0434 ' 

1-0414 

1-0371 

1-0321 

1-494 

8 

1-0585 

1-0571 

1-0556 

1-0539 

1-0522 

1-0502 

1-0482 ! 

! 1-0437 

1-0386 

1-719 

9 

1-0660 i 

1-0644 

^ 1-0628 

1-0610 

1*0591 

! 1-0571 1 

1 1-0549 ^ 

' 1-0503 

1-0451 

1-947 

10 

1-0735 

1-0718 

1-0700 

1-0681 

1-0661 

1-0640 ! 

1-0617 

1-0570 

1-0517 

2-178 

11 

1-0810 

1-0792 

1-0773 

1-0753 

‘ 1-0731 

1-0709 

1-0686 

1-C637 

1-0584 

2-412 

12 

1-0886 

1-0866 

i 1-0846 

1-0825 

1-0803 

1-0780 

1-0756 

1-0705 

1-0651 

2-649 

13 

1-0962 

* 1-0942 

i 1-0920 1 

: 1-0898 

i 1-0874 

1-0851 

j 1-0826 

1-0774 

1-0719 

2-889 

14 

1-1039 j 

1-1017 1 

1 1*0994 ! 

1-0971 

; 1-0947 

i 1-0922 ‘ 

! 1-0897 

1-0844 

1-0788 

3*132 

15 

1*111,6 i 

, 1-1093 

1 1-1069 

1-1045 

1-1020 

1-0994 

1-0968 

1 1-0914 

1-0857 

3-378 
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HaSO 
per cent. 

QO 

5" 

10^ 

15° 

20° 

25° 

30° 

40° 

' 0-003669 

50° 

1 

16 

1-1194 

1*1170 

1*1145 

1-1120 

1-1094 

1-1067 

1*1040 

1*0985 

1-0927 

3-628 

17 

1-1272 

1*1247 

1*1221 

1-1195 

1*1168 

1-1141 

1*1113 

1*1057 

1-0998 

3-881 

18 

1-1351 

1-1325 

1*1298 

1-1270 

1-1243 

1-1215 

1*1187 

1*1129 

1-1070 

4-137 

19 

I‘1430 

1*1403 

1*1375 

1-1347 

1-1S18 

1-1290 

M261 

1-1202 

1-1142 

4-396 

20 

1-1510 

1*1481 

1*1453 

1-1424 

M394 

1-1365 

1*1335 

1-1275 

1-1215 

4-<J69 

21 

1-1590 

1*1560 

1*1531 

1-1501 

1-1471 

1*1441 

1*1411 

1-1350 

1-1288 

4 925 

22 

1-1670 

1*1640 

1*1609 

1-1579 

1-1548 

1-1517 

1*1486 

M424 

1-1362 

5-194 

23 

1-1751 

1*1720 

M688 

1-1657 

1-1626 

1-1594 

1-1563 

M500 

M437 

5-467 

24 

1-1832 

1*1800 

1-1768 

1-1736 

1-1704 

1-1672 

1-1640 

1*1576 

1*1512 

5-744 

25 

1-1914 

1-1881 

1-1848 

1-1816 

1-1783 

1*1751 

M71S 

M053 

1-1588 

6-024 

26 

M996 

1*1962 

1-1929 

1-1896 

1-1863 

1*1829 

1-1796 

M730 

1-1665 

6*307 

27 

1-2078 

1*2044 

1-2010 

1-1976 

1-1942 

1*1909 

1*1875 

1-1808 

1*1742 

6*594 

28 

1-2161 

1 2126 

1-2091 

1*2057 

1-1.023 

1*1989 

M955 

1-1887 

MS20 

6*884 

29 

1-2243 

1-2208 

1-2173 

1*2138 

1-2104 

1-2069 

1*2035 

M966 

1*1898 

7-178 

30 

1-2326 

1-2291 

1-2255 

1*2220 

1-2185 

1-2150 

1-2115 

1*2046 

M97S 

7-4:76 

31 

1-2410 

1-2374 

1*2338 

1*2302 

1-2267 

1*2232 

1*2190 

1*2127 

1-2057 

7-777 

32 

1-2493 

1-2457 

1*2421 

1*2385 

1-2349 

1*2314 

1-2278 

1-2207 

1-2137 

S-0S2 

33 

1-2577 

1*2541 

1*2504 

1*2468 

1-2432 

1*2396 

1-2360 

1-2289 

1-2219 

8*390 

34 

1-2601 

1*2025 

1*2688 

1-2552 

1*2515 

1*2479 

1*2443 

1*2371 

1-2300 

8*702 

36 

1-2746 

1*2709 

1*2672 

1*2636 

1-2599 

1*2563 

1-2527 

1-2454 

1-2383 

9-OlS 

36 

1-2831 

1*2794 

1*2757 

1-2720 

1-2684 

1*2647 

1*2610 

1-2538 

1-2460 

9*338 

37 

1-2917 

1-2880 

1*2843 

1-2806 

1*2769 

1-2732 

1*2695 

1-2622 

1-2549 

9-6C3 

38 

1-3004 

1-2966 

1-2929 

1-2891 

1*2854 

1-2817 

1*2780 

1-2707 

1-2634 

9*989 

39 

1-3091 

1-3053 

1-3016 

1-2978 

1*2941 

1-2904 

1*2866 

1-2793 

1-2719 

10*322 

40 

1-3179 

1-3141 

1-3103 

1-3065 

1*3028 

1*2991 

1*2953 

1-2879 

1-2806 

10-657 

41 

1-3207 

1-3229 

1-3191 

1-3153 

1*3116 

1*3078 

1*3041 

1-2967 

1-2893 

10-997 

42 

1-3357 

1-3318 

1-3280 

1 1-3242 

1*3204 

1-3167 I 

1*3129 

1-3055 

1-2981 

11-341 

43 

1-3447 

1-3408 

1*3370 

1-3332 

1*3294 

1-3250 ! 

1*3218 

1-3144 

1-3070 

11-690 

44 

1-3538 

1-3500 

1-3461 

1-3423 

1*3384 

1-3346 

1*3309 

1-3234 

1-3160 

12-043 

45 

1-3631 

1-3592 

1*3563 

1-3514 

1*3476 

1-3438 

1*3400 

1-3325 

1-3250 

12-401 

46 

1-3724 

1*3685 

1*3646 

1-3607 

1-3569 

1-3530 

1*3942 

1-3417 

1-3342 

12*764 

47 

1*3819 

1*3779 

1*3740 

1-3701 

1*3663 

1*3624 

1-3586 

1*3510 

1-3435 

13*131 

48 

1-3916 

1*3875 

1*3836 

1-3796 

1-3757 

1*3719 

1-3680 

1*3604 

1-3528 

13*504 

49 

1-4012 

1-3972 

1*3932 

1*3893 

1-3853 

1-3814 

1-3776 

1*3699 

1-3623 

13-881 

60 

1-4110 

1-4070 

1*4030 

1-3990 

1-3951 

1*3911 

1-3872 

1-3795 

1*3719 

14-264 

61 

1-4209 

1-4169 

1*4128 

1-4088 

1-4049 

1-4009 

1-3970 

1-3893 

1*3816 

14*652 

52 

1-4310 

1-4269 

1*4228 

1-4188 

1-4148 

1-4109 

1*4069 

1*3991 

1*3914 

15*045 

53 

1-4411 

1-4370 

1-4330 

1-4289 

1-4249 

1-4209 

1-4169 

1-4091 

1*4013 

15-443 

64 

1-4614 

1*4473 

1-4432 

1-4391 

1-4360 

1-4310 

1-4270 

1*4191 

1*4113 

16*846 

55 

1-4618 

1-4577 

1-4535 

1-4494 

1-4453 

1-4412 

1-4327 

1*4203 

1*4214 

16*255 

56 

1-4724 

1-4681 

1-4640 

1*4598 

1-4557 

1-4516 

1-4475 

1*4395 

1*4317 

16*670 

57 

1-4830 

1*4787 

1-4745 

1-4703 

1-4662 

1-4620 

1-4580 

1*4499 

1-4420 

17-090 

58 

1-4937 

1-4894 

1-4851 

1-4809 

1-4767 

1-4726 

1-4685 

1-4604 

1-4524 

17-515 

59 

1-5045 

1-5002 

1-4959 

1-4916 

1-4874 

1-4832 

1-4791 

1-4709 

1-4629 

17-946 

60 

1-5154 

1-5111 

1-5067 

1-5024 

1-4982 

1-4940 

1-4898 

1-4816 

1-4735 

18*382 

61 

1-5264 

1-5220 

1-5177 

1-6133 

1-5091 

1*5048 

1-5006 

1-4923 

1-4842 

18-824 

62 

1-5376 

1-5331 

1-5287 

1-5243 

1*6200 

1-5157 

1*5115 

1-5031 

1-4949 

19*272 

63 

1-5487 

1-5442 

1-5389 

1-6354 

1*5310 

1-5267 

1*5224 

1-5140 

1-5058 

19*275 

64 

1-5600 

1-5555 

1-5510 

1-5465 

1*5421 

1-5378 

1*5335 

1*5250 

1*5167 

20*183 

65 

1*5713 

1*5668 

1-5622 

1-5578 

1-5533 

1-5490 

1*5446 

1-5361 

1*5277 

20*647 

66 

1*5828 

1*5782 

1-5736 

1*5691 

1*5464 

1-5602 

1*5558 

^ 1-5472 

1*5388 

21-117 

67 

1*5943 

1*5896 

1-6850 

1*6805 

1-5760 

1-5715 

1*5671 

1-5684 

: 1*5499 

21-593 

68 

1*6058 

1*6012 

1-6965 

1-5919 

1-5874 

1-5829 

1*5784 

: 1-5697 

1*5611 

22-076 

69 

1-6175 

1-6128 

1-6081 

1-6035 

1-5989 

1-5944 

: 1-5899 

• 1-5811 

. 1*5725 

i 22-562 

TO 

1-6203 

1*6245 

1-6198 

1-6151 

1-6015 

1-6059 

1*6014 

: 1 1-592.1 

i ‘ 1-5838 

i 23-054 
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HoSO 1 
per cent 1 


5== 

10° 

15° 

20° 

25° 

30° 

40° 

50° 

N 

71 

1*6411 

1*6363 

1*6315 

1-6268 

1*6221 

1*6175 

1*6130 

1*6040 

1*5952 

23*553 

72 

1*6529 

1*6481 

1*6433 

1-6385 

1*6339 

1*6292 

1*6246 

1*6156 

1*6067 

24*057 

73 

1*6649 

1*6600 

1-6551 

1-6503 

1*6456 

1-6409 

1*6363 

1*6271 

1 6182 

24-567 

74 

1*6768 

1-6719 

1*6670 

1*6622 

1*6574 

1-6526 

1*6480 

1*6387 

1*6297 

25*082 

75 

1-6888 

1*0838 

1*6789 

1*6740 

1*6692 

1-6644 

1-6597 

1*6503 

1*6412 

25*602 

76 

1*7008 

1 6958 

1*6908 

1-6858 

1*6810 

1-6761 

1*6713 

1-6619 

1*6526 

26*126 

77 

1-7127 

1-7077 

1*7026 

1 0976 

1-6927 

1*6878 

1*6829 

1*6734 

1*6640 

26*655 

78 

1-7247 

1-7195 

1*7144 

1*7093 

1*7043 

1*6994 

1*6944 

1*6847 

1*6751 

27*188 

79 

1-7365 

1-7313 

1*7261 

1-7209 

1*7159 

1*7108 

1*7058 

1*6959 

1-6862 

27*724 

80 

1-7482 

1-7429 

1 7376 

1*7324 

1*7272 

1*7221 

1*7170 

1*7069 

1*6971 

28-621 

81 

1-7597 

1-7542 

1*7489 

1*7435 

1-7383 

1*7331 

1*7279 

1*7177 

1-7077 

28*799 

82 

1-7709 

1*7654 

1*7599 

1*7544 

1*7491 

1*7437 

1*7385 

1*7281 

1*7180 

29*336 

83 

1*7816 

1*7759 

1*7704 

1*7549 

1-7594 

1*7540 

1*7487 

1*7382 

1*7279 

29*871 

84 

1*7916 

1 7869 

1*7804 

1-7748 

1-7693 

1*7639 

1*7585 

1*7479 

1*7375 

30-401 

85 

1*8009 

1-7953 

1*7897 

1*7841 

1*7786 

1*7732 

1*7678 

1*7571 

1*7466 

30*924 

86 

1*8095 

1-8039 

1*7983 

1*7027 

1*7872 

1*7818 

1*7763 

1*7657 

1*7552 

31*438 

87 

1-8173 

1 8117 

1-8061 

1*8006 

1*7951 

1*7897 

1*7843 ' 

1*7736 

, 1*7632 

31*943 

88 

1*8243 

1*8187 

1*8132 

1*8077 

1*8022 

1*7968 

1*7915 

1*7809 

1*7705 

32*438 

89 

1*8306 

1-8250 

1*8195 

1*8141 

1*8087 

1*8033 

1*7979 

1*7874 

1*7770 

32*922 

90 

1-8361 

l*830u 

1*8252 

1*8198 

1-8144 

1*8091 

1*8038 

1*7933 

L-7829 

33*397 

91 

1-8410 

1-8356 

1-8302 

1*8248 

1*8195 

1*8142 

1*8090 

1*7986 

1*7883 

33*862 

92 

1*8403 

1-8399 

1*8346 

1*8293 

1*8240 

1*8188 

1*8136 

1*8033 

1-7932 

34*318 

93 

1*8490 

1*8437 

1*8384 

1*8331 

1*8279 

1*8227 

1*8176 

1*8074 

1*7974 

34*764 

94 

1-8520 

1*8467 

1*8415 

1*8363 

1*8312 

1*8260 

1*8210 

1*8110 

l*80ll 

35*199 

05 

1*8544 

1*8491 

1-8439 

1*8388 

1*8337 

1*8286 

1-8236 

1*8137 

1*8040 

35*622 

96 

1*8560 

1*8508 

1*8457 

1*8406 

1*8355 

1*8305 

1*8255 

1*8157 

1*8060 

36*030 

97 

1*8569 

1*8517 

1*8466 

1*8414 

1*8364 

1*8314 

1*8264 

1*8166 

1*8071 

36*421 

98 

1*8567 

1-8515 

1-8463 

1*8411 

1*8361 

1*8310 

1*8261 

1*8163 

1*8068 

36*791 

99 

1*8551 

1*8498 

1*8445 

1*8393 

1*8342 

1*8292 

,1*8242 

1*8145 

1*8050 

37*132 

100 

(1*8517) (1*8463 

) (1-8409' 

) (1*8357' 

) (1*8305' 

) (1*8255] 

|{1*8205; 

Kl-8107) 

1(1*8013] 

(37*433) 


values at 15°, and the data at 15° were determined “with reference to water at 4° 
when the sp. gr. of water at 15° is 1*000868. D. I. Mendeleefi observed that for 
H2S044 -wH 20 the sp. gr. at 0°, referred to water at 4°, in vacuo, are : 


n . .400 200 100 50 25 12*5 10 5 

Sp. gr. . 1-0099 1-0192 1*0372 1*0716 1*1336 1*12345 1*2760 1*4314 

n . . 2-5 2 1 0*5 0 ~0*2 -0*4 

Sp.gr. . 1*6102 1*6005 1*7943 1*8435 1*8528 1*9075 1*9793 

He represented the sp. gr., ;S, of the soln., water at 1000, ranging from water to 

w=150, /S=9998*7+76*51jp~-l*325i?2, where f 
denotes the percentage amount of H2SO4 *, and 
for n between 150 and 6, 8i=9998*7+71*16j> 
+0*02035^2 j for n between 6 and 2, 5=9998*7 
+61*908p+0*3980^)2 ; for n between 2 and 1, 
8^=326*65p--l*3525j)2 ; for n between 1 and 0, 
S = 18528 + 20*445(100-~j?)- 3*746(100 ; 

and for the fuming acid, iS=18528+129(j?“-100) 
+3*9(p— 100)2, jj Morgan and C. E. Davis 
found that when the sp. gr. and the deviations 
from the mixture rule are plotted, Fig. 81, the 
resulting curve shows breaks corresponding with 
the hydrates H2SO4.H2O and H2SO4.I2H2O. 
E. H. Loomis gave 1*0306 for the sp. gr. of 
N-H2SO4 at 15°. For soln. of a very low cone. F. Kohlrausch gave for the sp. gr. 
of soln. at 5*96° containing jY-gxm. eq. H2SO4 per litre : 



/Sfr suljshanc dcfcf 


Fig. 81. — Specific Gravity Devia- 
tions of Sulphuric Acid from 
IMixture Rule. 
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N . 0*000203 0*000607 O-OOlOll 0*002010 0*005037 0*010026 0*04094 0*09008 
Sp.gr. l-OgSS 1*04266 1*04442 1*04870 1*032132 1*034158 1*0019 0*003669 

S. U. Pickering’s diSerentiation of sp. gr. cnrye furnishes seventeen straight lines 
indicating that the sp. gr. is a complex of 17 parabohc components which were 
assumed to represent the sp. gr. curves of 17 hydrates in soln . — vide supra, 
J. R. Pound measured the sp. gr. of mixtures of sulphuric acid and ether. F. Kohl- 
rausch found that the maxinilim density of mixtures of sulphuric acid and water 
occurs with 2 per cent, of water ; H. D. Richmond said 2*5 per cent, of water ; 
R. Knietsch, 2*34: per cent, of water ; and J. Domke and W. Bein, 2*75 per cent, 
of water when the sp. gr. is 1*84:15. C. M. Despretz said that with p per cent, of 
sulphuric acid the temp., of maximum density is : 

p . . 0*62 1*23 2*45 3*57 6*81 

e . . 2*18'* 0*60^* -1*92° -5 0° -13*7° 

G. Tammann discussed the efiect of pressure on the temp, of maximum density. 
According to A. Bineau, the effect of temperature is such that if the sp. gr., Sy 
be determined at 0°, the sp. gr., S^y at 0 "^ is So=14:4*38/S/(144*38— ^). C. E. Line- 
barger gave the following data : 


Per cent. H 2 SO 4 

0 * 

lO'* 

20 ® 

30® 

0 

0 

50® 

CO® 

70® 

2*65 

1*021 

1*019 

1*017 

1*015 

1*013 

1-011 





11*87 

1*081 

1*078 

1*075 

1*072 

1*069 

1*066 

— 



18*33 

1*138 

M33 

M28 

M25 

M23 

1-118 

M13 

1*108 

35*13 

1*275 

1*268 

1*262 

1*255 

1*248 

1*242 

1*235 

1*228 

58*05 

1*494 

1*486 

1*478 

1*470 

1*462 

1*454 

1*446 

1*438 

66*27 

1*575 

1*567 

1*559 

1*531 

1*543 

1-535 

1*527 

1*519 

80*45 

1*752 

1*743 

1*734 

1*725 

1*716 

1*707 

1*698 

1*689 

S3-23 

1*783 

1*774 

1*764 

1*755 

1*746 

1*737 

1*728 

1*718 

95*02 

1*843 

1*833 

1*824 

1*814 

1*805 

1*796 

1*786 

1*775 


I). I. Mendeleeff said that the variation of the sp. gr. with temp, follows the rule 
S==So(l— atf), where a is the coeff. of expansion. For 99*5 per cent. H 2 SO 4 , 
J. Domke and W. Bein gave for the sp.* gr. S at S=Si 5 — '0*001035(^'— 15) 
+0*0000015(0—15)2. For an acid of sp. gr. S at 0 °, the decrease, 8 , in the sp. gr, 
for a rise of 10 ° is : 

S . 1*04 1*07 1*10 *1*15 1*20 1*30 1*45 1*70 1*85 

5 . 0*002 0*003 0*004 0*005 0*006 0*007 0*008 0*009 0*0096 

or, in an analogous way, for an acid of sp. gr. S, at 15°, a correction 8 per degree 
must be made : 

S . 1*000-1*170 1*170-1*450 1*450-1*680 1*580-1*750 1*750-1*820 *1*820-1*840 

8 . 0*0006 0*0007 0*0008 0*0009 0*0010 0*0008 

The sp. gr. in the tables refer to purified sulphuric acid, the ordinary com- 
mercial acids always contain impurities which usually raise the sp. gr. Thus, 
R. Elissling found that sulphuric acid containing arsenic trioxide had the following 
sp. gr. at 15° and the indicated percentages of H 2 SO 4 , and AS 2 O 3 : 


Sp. gr. 

1*8367 

1-8373 1-8393 

1*8412 

1*8413 

1*8414 

1*8415 

HaS04 

*. 93-83 

93-12 92-87 

94*25 

93*60 

93-93 

03*77 

AS2O3 

. 0*024 

0-028 0-192 

0*219 

0*254 

0-231 

0-231 

when G. Lunge and P. Naef’s values for the purified acid were 

- 


Sp. gr. 

1-833 

1*834 1*835 

1*837 

1-838 

1*839 

1*840 

H 2 SO 4 

. 92-75 

93*05 p3*43 

94*20 

94*60 

95*00 • 

95-60 


J. T. Dunn measured the effect of sulphur dioxide on sulphuric acid of sp. gr. 1*841 
and found that with 33*73 vols. of SO 2 at n.p. 0, the sp. gr. was 1*823 ; with 19*27 
vols., 1*822 ; and with 4*54 vols., 1*809. A. Marshall found that with mixtures 
of nitric acid the sp. gr. increases up to 1*862 and 7*5 per cent, of HNOg, and there- 
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after the sp, gr. decreases, 0*1 per cent, of lead sulphate raised the sp. gr. 0-0015 ; 
of arsenic trioxide, 0*0013 ; of nitrosulphuric acid, 0*00027 ; and of the sulphates 
of sodium, calcium, magnesium, aluminium, and iron, 0*001. H. Grunert studied 
this subject. J. Kolb examined the efiect of foreign gases on the sp. gr. of sulphuric 
acid ; and J. E. Pound, the sp. gr. of mixtures of ether and sulphuric acid. 

The moleetllar volumes of sidphuric acid per gram-equivalent in I litres of water 
at 6°, given by F. Kohlrausch, were : 

I . . 0*0002 0*002 0-01 0*05 0-1 1 6 

Mol. vol. . G*1 5*9 7*71 10-76 12-03 15-54 17-57 

S. Sugden discussed the mol. vol. W. Grunert found the sp. gr. of mixtures of 
sulphuric acid and ammonium sulphate increase proportionally with the amount 
of salt added over the whole range examined at 20°, 40°, 60°, and 80°. The sp. gr. 
of soln. of the sulphates was discussed by J. G. McGregor, P. A. Favre and 
C, A. Valson, and L. F. Nilson and 0. Pettersson ; the mol. vol., hy G. N. Wyrouhoff, 
W. "W. J- Nicol, J. H. Long, T. E. Thorpe and J. I. Watts, J. W. Eetgers, 
A. E. IT. Tutton, and L. F. Nilson and 0. Pettersson ; and H. Schroder, the vol. 
relations of the sulphites, chromates, and selenates, and the so-called density modulus 
of the sulphates, by C. A. Yalson, C. Bender, J. Wagner, and J. C. G. de Marignac. 
N. S. Kurnakofi discussed the spatial relations of the atoms in sulphuric acid. 

J. Geissler gave for the ionic volume of HSO4', 12*3 . 

The contraction which occurs when sulphuric acid is diluted with water was 
found by A. Ure to reach a maximum with the formation of H2SO4.2H2O — 73*13 

per cent. H2SO4. Analogous observations were 
made by C. Langbexg. J. L. Gay Lussac, 
G. T. Gerlach, J. E. Pound, E. B. H. Wade, 
J. N. Eakshit, H. Kopp, J. Kolb, G. Lunge, 
J. P. Eogers, and P. T. Meissner made obser- 
vations on this subject. A. Bineau stated that 
at 0° the greatest contraction occurs with 75*5 
per cent. H2SO4. D. I. Mendeleeff said that 
the relative position of the maximum does not 
change as the temp, rises from 0° to 400° 
although the actual magnitude alters ; but 
. S. U. Pickering, in agreement with J. Domke 
and W. Bein, found that the maximum is displaced by a change of temp. 
S. U. Pickering gave 67*0 per cent. H2SO4 at 8° ; 67-5 per cent, at 17-9° ; 69-1 
per cent, at 28-1° ; and 70*1 per cent, at 38-2°. J. Domke and W. Bern’s results 
at 10° are plotted in Fig. 82. The following is a selection from the data for the 
contraction, C c.c,, on mixing sulphuric acid with water to furnish a litre of sob. 
containing p per cent. H2SO4. 

. 1 10 20 40 60 67 70 80 90 99 

C . 2*4 19-0 34-3 63*0 61*6 62*40 62*4 68*7 ‘ 40-8 5*6 

Observations were also made by E. Kremamx and E. Ehrlich, and J. N. EaksMt. 

K. Dieterici measured the contraction which occurs with very dil. soln. 
J. A. WanMyn and J. Eobinson found that if 100 c.c. of water afid 200 c.c. of 
sulphuric acid be mixed in a 300 c.c. flask, the contractions, G c.c., corresponding 
with p per cent. H2SO4 are : 

p . . 86 88 90 92 94 96 98 

O . . 10*4 12-0 13*9 16*1 18*5 21*2 24-1 

and they suggested determinmg the cone, of a given specimen of sulphuric acid 
from the contraction which occurs on mixing these volumes of acid and water. 
G. A. Haegmann made some speculations on what he called the Kontrahtiomenergie- 
mhL According to J. Holmes and P, J. Sageman, the expansion which occurs 
on mixing soln. of sulphuric acid and various sulphates so as to yield 100 mols of 



Fig. 82. — Contraction of Mixtures 
of Water and Sulphuric Acid. 
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acid and salt are represented by Fig. 83. The results are taken to be due to the 
action of physical forces, and independent of the action of chemical affinity or the 
formation of hydrosulphates. The sulphates 
of potassium, sodium, ammonium, copper, 
magnesium, and zinc are assumed to be 
aggregated in soln. The maximum with 
aluminium sulphate occurs with a mixture 
^10(^04)3.2112804, so that if aluminium sul- 
phate is Al2(S04)a, the mol. of sulphuric acid 
is (112804)2. Observations were also made 
by Gr. Montemartini and L. Losana. 

T. Graham 3 found that when water is 
added to cone, sulphuric acid, the viscosity 
of the liquid increases to a maximum — cor- 
responding with H2SO4.II2O — and then de- 
creases ; and, added E. F. d’Arcy, this applies only for temp, up to 65°, for, at 
higher temp., the viscosity decreases continuously with increasing proportions of 
water. The phenomenon was attributed to the formation of hydrates in soln. 

E. Knietsch found that the speeds of outflow of fuming sulphuric acid at 23° when 
referred to water 100, for soln. of H2SO4 containing 'p per cent. SOo, are : 

p . 0-9 4-2 15-1 30-3 49-9 58*6 69*5 89-1 98*9 

Time 145*7 147*0 151-0 166-9 198-7 192-0 145-0 109-9 100*7 

For 100 per cent. H2SO4, at 0°, 33°, and 63-5°, E. Kremann and E. Ehrlich gave for 
the viscosity 7]=0*618, 0*172, and 0*076 respectively ; T. Graham, -j 2=0'2193 at 20° ; 

F. Bergius, 7]=0T915 at 25° ; J. L. M. Poiseuille, 7)=0*3195 at 11*2° ; J. E. Pound, 
7;=0*210 at 30°. For O-SiV-, 0*251^-, and 0*126iV-soln. of sulphuric acid at 25°, 
tf, Wagner found the sp. viscosities (water unity) to be respectively 1*0898, 1*0433, 
1*0216, and 1*0082. The results of A. E. Dunstan, and K. Drucker and E. Kassel ' 
(marked with an asterisk) are : 

0*’ 13-8*^ IS-O” 25® 60® 70® 76-5® 90® 

7j . 0*4843* 0-360 0-2694* 0*235 0-106 0-0635 0-0503* 0-0425 

J. E. Pound gave for the soln. with p per cent. H2SO4, at 30°, 

p , 99*924 95-723 93-410 85*070 80*243 58*356 26*492 0 

. 0*2134 0*1674 0-1691 0*1905 -0-1568 0-0414 0*01426 0*0077 

A. E. Dunstan and R, W. Wilson gave the following results at 25° as corrected by 
A. E. Dunstan : 

p . 99-924 95-723 90-437 85*070 82*580 67*209 43*234 15*699 

. 0*24682 0*193567 0*20578 0*22040 0*20888 0*07515 0*02626 0*0136 

There is a minimum for the 95 per cent, acid corresponding with 3H2SO4.H2O. 
The results are plotted in Fig. 84. S. B. Stone, A. Smits and co-workers, and 
F. H. Rhodes and C. B, Barbour made observations on this subject. A. E. Dunstan 
and E. W. Wilson also found that with soln. of p per cent. SO3 in II2SO4 (water 
^=0-00474), at 60 ° : 

p . 0 16-3 21*5 27*72 40*6 46*0 70*0 

77 . 0-0832 0-1383 0-1488 0*1753 0*2045 0*1791 0*1147 

The sharp maximum corresponds with H2SO4.SO3, and it agrees with the results 
of R. Kmetsch’s observations. W. Grunert found that the viscosity of mixtures of 
sulphuric acid and ammonium sulphate at 20°, 40°, 60°, and 80° increases slowly 
with the cone, of the acid until the conversion of the sulphate into hydrosulphate 
is completed, when the viscosity remains constant. J. L. E. Morgan and C. E. Davis 
found that when the viscosities are plotted with the deviations from the mixture 



Fig. 83. — ^Volume Changes on Mixing 
Solutions of Sulphuric Acid and 
Sulphates. 
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rule, Eig. 84, the results agree with the existence of the hydrates H2SO4.H2O, 
3H2S04.H20, and 4 or 5H2SO4.H2O. J. Wagner, and H. Grunert investigated the 




Fig. 84. — The Viscosity of Solutions 
of Sulphuric Acid at 25 °, 


Fig. 85. — Viscosity-Beviations of Sulphuric 
Acid from Mixture Buie. 


viscosity of soln. of the sulphates, L. J, Simon found the viscosity of mixtures 
of sulphuric acid and sodium hydroxide gave a minimum corresponding with 
NaHS04 J potassium and rubidium hydroxides, with K2SO4 and Rb2S04 

respectively ; while H. Grunert found that an increased viscosity attends the forma- 
tion of ammonium hydrosulphate. L. J. Simon measured the viscosity of mixtures 
of chromates and sulphates. J. R. Pound also measured the viscosity of mixtures 
of ether and sulphuric acid ; K. Drucker and R. Kassel, mixtures of sulphuric and 
acetic acids ; E. C. Bingham and S. B. Stone, mixtures of nitric and sulphuric acids ; 
M. Bobtelsky and M. Janowskaja, mixtures of potassium and aluminium sulphates 
and sulphuric acid ; and F. H. Rhodes and H. B. Hodge, mixtures of sulphuric and 
nitric acids. 

G. Meyer ^ found the surface tension in contact with mercury of sulphuric acid 
of sp. gr. 1*0559 to be o’=316 dynes per cm. at 20° ; and M. Lenekewitz, for acids 
of sp. gr. L015 and 1*071, a==337‘5 and 319*7 dynes per cm. respectively at 19°-20°. 
Other observations were made by P. de Heen, P. Volkmann, A, Valson, G, Quincke, 
L, Grunmach, W. C. Rdntgen and F, Schneider, C. Christiansen, W. H. Whatmough, 
etc. K. Ebeling gave the following values for the surface tension, a dynes per cm., 
and the specific cohesion, sq^. mm., at 18°, of sulphuric acid with p per cent. 
H2SO4, and in contact with air ; 


p . 

8-0 


27*80 

41*00 

60-50 

85*00 

a 

. 73-58 

76-13 

77*80 

76-52 

67*61 


. 14*26 

12-87 

12*08 * 

10-13 

6*76 

C. E. Lineharger gave the following 

values 

for the 

surface 

tension, 

cr dy 

per cm, : 









Per cent. H 2 SO 4 

0 ^ 

10 ® 

20 ® 

80® 

40® 

50® 

60® 

70® 

2*65 

73*60 

72-69 

72-02 

71*13 

70*07 

69-01 

— 

< — 

11-87 

74*75 

74*10 

73-48 

72*58 

71*62 

70*45 

— 

— 

18-33 

76-30 

74*44 

74-39 

72*75 

71*90 

70*90 

69*95 

68*89 

35-13 

77*19 

76*68 

76-34 

75*45 

74*48 

74*05 

73*15 

72*25 

58-05 

77*80 

77*44 

77*26 

77*08 

76-76 

76*49 

76*03 

76-65 

65-27 

77-41 

77*34 

77-29 

77*13 

76-99 

76*89 

76*74 

76*31 

80-45 

66-60 

66*40 

66-32 

06*00 

65-92 

65*79 

65*67 

65*50 

83-23 

64^18 

64*09 

63*89 

63*70 

63-64 

63*48 

63*37 

63*19 

95-02 

58*26 ' 

57*97 

57*76 

57*63 

67*43 

57*36 

67*28 

66*89 


The results for 0°, 20°, and 50° axe plotted in Mg. 86. With increasing proportions 
of sulphuric acid, the curves rise to a maximum when the proportion is nearly 
60 per cent. HgSO^ ; thereafter, the surface tension falls with increasing proportions 
of H2S04» The efiect of temp, becomes less and less marked as the cone, of the 
acid increases. This is taken to mean that the molecules of the acid axe polymerized 
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to a Hgb. degree. J. L. R. Morgan and C. E. Davis measured tlie surface tension 
of soln. of tlie acid and found that when the results are plotted, Fig. 87, with the 
deTiations from the mixture rule, there is a singular point corresponding with the 



Fig. 86. — Tlie Surface Tension 
of Sulphuric Acid. 



Fig. ST.—The Effect of Tem- 
perature on the Surface 
Tension of Sulphuric Acid. 


hydrate H2SO4.3H2O. G. Tammann, L. Abonnene, and A. Smits and co-workers 
made observations on this subject. W. Herz and E. Knaebel measured the efiect 
of ammonium and zinc sulphates on the surface tension. R. Knietsch measured 
the capillary rise, h mm., water 100, for sulphuric acid with f per cent. SO3, at 22^", 
and found : 


p . .0*9 4-2 15a 30*3 49-9 69-5 89a 98-9 

h . . 38-23 38-23 37-64 36*47 35-29 29-41 24*70 23-52 

F. Eotvos measured the molecular surface energy ; and E. Aston and W. Ramsay 
found for an acid of cone. H2SO4+2H2O, at temp. : 



10 - 2 * 

46 4“ 

78 - 5 * 

132 * 5 " 

184 - 6 " 

237 * 7 " 

281 - 0 " 

a 

56-26 

63-94 

62-86 

61-35 

49*49 

46*84 

43*80 

a{Mv)t 

787-6 

778-8 

772*5 

763*8 

749*7 > 

- 724*9 

690*1 

d<T{Mv)i/de 

0*209 

0*209 

0*209 

0*297 

0*599 

' , 1-072 


Association 

32-3 

32-3 

32*3 

19*1 

6*7 

'2-8 



This corresponds with the formula (£[2804)32 for temp, below 132*5® ; and for temp, 
near 281®, (£[2804)3. W. Ramsay and J. Shields found ^hat a soln. of constant 
boiling acid, I2H2SO4.H2O, gave mol. wts. for temp, 
ranging from 132*5® to 281°, from 32*3 times the normal 
value. This was taken to mean that the decrease in 
mol. wt. above 132*5® may be due either to a breaking 
up of the complex mols., or to a dissociation into sulphur 
trioxide and water, A. ChristoE studied the effect of 
absorbed gases — ^hydrogen, oxygen, nitrogen, methane, 
and carbon monoxide — on the surface tension of sulphuric 
acid. J. R. Pound measured the surface tension of mix- 
tures of sulphuric acid and ether ; and the interfacial 
tension of 42 organic liqtdds against sulphuric acid. 

The rate of diffusion of sulphuric acid into water was 
measured by T. Graham,^ who found that the rate of 
diffusion is more than half that of hydrochloric acid. 

The diffusivity with acids of different concentrations is 
fairly constant, hut increases a little with the more cone, 
acid. J. J. Coleman found the speed to be slower than 
that of nitric or hydrochloric acid, or a soln. of potassium 
hydroxide, but faster than a soln. of ammonia, sodium hydroxide or chloride, or 



/hrce/7t. si/Lp/rifr/c dcf£f 

Fig. 88. — Surface Ten- 
sion Deviations of Sul- 
phuric Acid from the 
Mixture Rule. 
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magnesium sulphate. The rate of diffusion was measured by J. C. G. de Marignac, 
J. Stefan, and N, A. Umoff. G. Tammann examined the diffusion of sulphuric 
acid through a membrane of copper ferrocyanide against soln. of the alkali 
sulphates. Y. Terada measured the rate of dialysis. F. E. C. Scheffer gave for 
the rates of diffusion of soln. with 0*030, 0*162, 0*240, and l* 0 iV’-H 2 SO 4 , respec- 
tively, ?b=l*04, 0*099, 1*02, and 1*07 gram-equivalents for sq. cm. per day at 7*5 
to 8*5. G. Thovert gave for 18°, 

N- . . 0-005 0-35 0-85 2-85 4-85 9-85 

h . . 1*30 1-32 1*34 1-60 1-90 2-36 


S. R. Carter and F. M. Lea studied the diffusion potentials at the boundaries involv- 
ing hydrochloric and sulphuric acids and potassium chloride soln. While 
L. W. Oholm gave for 20 ° : 2 Y-soln., Jc=hm ; 1*5Y-, Z;=l*350 ; Y-, ^=1*369 ; 
0-5W-, ^—1-399 ; and 0-1Y-, ^=1*498. F. Hinteregger, and J. C. G. de Marignac 
studied the rate of diffusion of soln. of the sulphates. P. de Heen calculated the 
radius of the sphere of molecular action of sulphuric acid to he 718 X lO^s mm. 

W. C. Rontgen and F. Schneider,® and 0. Schmidt found the compressibility 
coefficient, jS, of sulphuric acid, containing ^ per cent. H 2 SO 4 , to be, at 17*3° to 
17*98°, and 8 atm. press. : 

p , , . 6-57 12-7 35*76 47*58 62*37 

P . . . 0-044458 0-044246 O-O^SSSG O-O^SISO 0*042917 

between 18*2° and 22 *^ ! 


p . 7*0 

p . 0*04431 


20 

0*04365 


31-1 44*7 63*0 72*0 91*7 

0-04314 0*04276 0*04242 0 - 0^228 0 - 0^250 


and for dTjdf, C. I. Burton and W. Marshall gave 0*0051. The subject was studied 
by G. Tammann. J. L. E. Morgan and C. E. Davis found that when the results 
are plotted, Fig. 89, with the deviations from the mixture 
rule, a singularity appears corresponding with the 
hydrate H 2 SO 4 .H 2 O. J. H. Hildebrand gave 5300 atm. 
for the intemd pressure. 

J. C. G. de Marignac gave for the coeff. of thermal 
expansion, cubical, a, for H 2 SO 4 .WH 2 O, when 7 i= 0 , 
a=O*OOO5758~O*O68640 ; w=5, a =0*0005 726-0*06330^ ; 
n=10, a=0*0005858--0*06367l9 ; ti=15, a=0*0005ei8 
-0*06397<9; %=25, a=0*0004625+0*05l752^ ; ti=50, 
a = 0*0002835 + O-OgdlGOd ; n = 100, a = 0*0001450 
+ 0 * 05828619 ; 71=200, a=0*0000629+0*059866<9; 7^=400, 
a= 0 * 0000333 + 0 * 04 l 0030 ^. C. Forch found that for 
iV’-H 2 S 04 , a= 0 * 05 l 47 from 0° to 5° ; a= 0 * 05 l 96 from 5° 
to 10° ; a= 0*05245 from 10° to 15° ; a= 0*05287 from 15° 
to 20° ; a=0*06326 from 20° to 25° ; a=0*06361 from 
25° to 30° ; a= 0*05392 from 30° to 35°; and a= 0*05426 
from 35° to 40°. W. Kohlrausch gave for 96, 98, and 
10 per cent. H 2 SO 4 , respectively a~Q'0^t>b, 0 * 0355 , and 0*0857. R. Rremann and 
E. Ehrlich found that the thermal expansion of mixtures of sulphuric acid and 
water has a well-defined maximum corresponding with H 2 SO 4 .H 2 O ; a dilation 
due to the dissociation of this hydrate is observed between 0° and 87*9°, and is 
greater at the lower temp., so that only a small proportion of this hydrate exists 
at 87*9°. Observations were also made by A. Bineau, G. Tammann, J. Kolb, 
G. Lunge, and A. Schertel ; while D. I. Mendeleeff, in accord with his theory of 
hydrate formation, worked out a number of maxima and minima values of a — 
mde sufm. The thermal expansion of sulphuric acid -has been also discussed in 
connection with the sp. gr. 

According to H. F. Weberns the thermal conductivity of sulphuric acid of 
Bp. gr. 1-831 at 12 ° is ^=0*000765 cal. per cm. per sec. per degree ; G. Jaeger 



Percent snlptmcac/cf 

Fig. 89. — Compressibility 
Deviations of Sulphuric 
Acid from the Mixture 
Rule. 
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gave for 30, 60, and 90 per cent. HgSO^, at 32^ ^=0*001244:, 0-001047, and 0-000846 
respectively ; and C. Cliree gave for snlplmric acid of sp. gr. 1-054, 1*10, 1-14, and 
1*18, between 19-7° and 21°, ^=0*00126, 0*00128, 0-00128, and 0*00130 respectively. 
W. von Beetz also made some observations on tMs property. 

Observations on tbe specific fieSit^ c, of sulphuric acid were made by 
L. Pfaundler,® J. Thomsen, J. C. G. de Marignac, P. Bode, G. Tammann, C. C. Per- 
son, etc. Results by E. Biron for sulphuric acid, H2S04.»iH20, or p per cent. 
H2SO4, are : 


n 

. 0 

0-2076 

0-4866 

0-9246 

1-0 

1-5439 

2 

3 

5 

V 

. 100 

94-82 

91-81 

85-48 

84-48 

77-91 

73-13 

64*47 

52-13 

c 

. 0-3352 

0-3554 

0-3786 

0*4346 

0*4408 

0*4517 

0-4628 

0-5012 0-5805 

n 

6 

7 

10 

13 

16 

20 

50 

200 

1600 

V 

. 47-57 

43-75 

35-23 

29*52 

25*39 

21*38 

9-82 

2-65 

0-3391 

c 

0-6152 

0-6475 

0-7231 

0*7717 

0*8041 

0*8339 

0-9171 

0-9763 0-9967 

I. 

Bode gave : 










Sp. gr. . 

1*842 

1-711 

1-530 

1-383 

1*263 

M62 

1-075 

1*037 


Sp. ht. . 

0*3315 

0-41 

0-49 

0-60 

0-73 

0-82 

0-90 

0-95 


G. Agde and H. Holtmann gave for the sp. ht. of aq. soln. of sulphuric acid, 
between 25° and 45° : 


H 2 SO 4 .1 10 20 40 60 80 100 per cent. 

Sp. lit. . 0-990 0-918 0-839 0-680 0-535 0-424 0-338 


The results are plotted in Fig. 90, where the dotted line represents values calculated 
by the additive rule. S. U. Pickering gave 0*2349 for 
solid H2SO4 at -—30°, and 0-2721 at 0° ; and for the liquid 
0-345 at 20° and 0-358 at 50° ; J. C. G. de Marignac gave 
0-331 at 16°~20°, and 0-336 at 20°-56° ; and C. Cattaneo, 

0-332 at 5°-22°. For 50 per cent. H2SO4, C. Cattaneo 
gave 0*593, and for 5-2 per cent., 0-959 at 5°~22° ; while 
J. 0. G. de Marignac gave 0-975 for 2*2 per cent. H2SO4 at 
16°“20°. H. Schlesinger gave for 65 per cent. H2SO4, 

0-467, 0*443, and 0-458 respectively at 0°, 35°, and 70° ; 
and for 85 per cent. H2SO4, 0*388 at 0° and 0-406 at 70°. 

L. Pfaundler gave the following values for the sp. ht., c, 
and the molecular heat, C, of H2SO4 : 



0 70 ^ 60 80 m 
Pierce/ft./fzSO^ 


Fig. 90. — Specific Heat 
of Sulphuric Acid. 


Sp. ht. 
Mol. ht. 


. Sp. ht. 
Mol. ht. 


22°-80® 

0-355 

34- 790 

12r-130' 

0-362 

35- 476 


81®-90® 

0-356 

34- 888 

0-365 

35- 672 


9r-ioo“ 

0-358 

35-084 

14r-150‘ 

0-365 

35-770 


0-359 

35-182 

isr-ieo® 

0-367 

35-966 


111 ^- 120 " 

0-360 

35-280 

iai^-170' 

0-370 

35*260 


L. Pfaundler gave 0*470 for the sp. ht. of the dihydrate, H2SO4.2H2O ; and for the 
monohydrate, H2SO4.H2O, 0*448. J. Thomsen, and J, C. G. de Marignac calcu- 
lated the sp. ht. of a soln. containing nH20 per mol. of H2SO4 from the formula 
c(7-3n) ==2-5+71. M. Berthelot said that when a compound forms a hydrate in 
aq. soln., the thermal capacity diminishes, but E. Biron could not confirm this 
hypothesis in the case of sulphuric acid. R. Kremann and R. Ehrlich showed that 
the hydrate, H2S04,H20, is stable only in the range of temp, between 0° and 130°. 
Hence, the sp. ht. of the mixture obtained by cooling from 130° should be greater 
than the sp. ht. determined by cooling from temp, above which the hydrate is com- 
pletely decomposed. E. Eiemann and F. Kerschbaum found evidence of this ; 
they observed that tbe average sp. ht. of H2SO4.H2O, between 33-7 and 207-1° is 
0*4^, and it increases slightly as the initial temp, rises ; R. Auerbach gave 0-294 
for the sp. ht. of liquid pyrosulphuric acid at 12° ; and 0-154 for the solid acid. 
N. de Kolossowsky discussed the sp. ht. of the acid. R. Knietsch obtained the 
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following values for tlie sp. M., c, of fuming sulphuric acid containing ^ per cent, 
of free 8O35 at 35® : 

p . . 2-0 12-89 23-78 34*67 51-00 72-78 89-12 100-0 

c . . 0-345 0-340 0-340 0*350 0-370 0-495 0-660 0*77 

J. E. Pound examined tlie sp. tt. of mixtures of etEer and sulphuiic acid. 

G. Lunge, J. Thilo, M. AltscLul, E. Pucliot, W. Hillinayr, E. Knietsch, 
B. Biron, E. Pictet, L. Pfaundler and E. Schnegg, S. U. Pickering, etc., made 
observations on tke freezing points^ and the meltmg points of binary mixtures 
of sulphur trioxide and water, in their bearing on the existence and properties of 
sulphuric acid and its hydrates. The data have been discussed in a special section 
— vide sujpra, Pig. 78. According to W. Ostwald, the f.p. of soln. of sulphuric 
acid shows that the acid is' ionized in aq. soln. E. H. Loomis, S. U. Pickering, 
A. A. Noyes, and IC. G. Palk, T. G. Bedford, W. Hillmayr, K. Drucker, A. Ponsot, 
H. Hausrath, M. Wildermann, M. Eandall and G. N. Scott, T. S. Price, and 
H. C. Jones and co-workers measured the molecular lowering of the freezing pointy 
and their results, if C denotes the number of grams of H2SO4 per 100 grms. 
of water ; 0®, the f.p. ; O', mols of H2SO4 per 1000 grms. of water ; SO, the mol. 
lowerings of the f.p., are : 

C . 0-00299 0-04095 0-1614 0-4520 1-05G 4-360 14-712 24-520 

9 . -0-00161'" -0*02102° -0-07569° -0*1888° -0*426° -1-716° -7-265° -16*275° 
O' . 0*000305 0*004175 0-01640 0*0461 0*1077 0-445 1-500 2-000 

U . 5*275° 5-03° 4-60° 4*10° 3*95° 3*86° 4-843° 6*510° 

This means that the mol. wt. at first decreases rapidly as the concentration increases, 
reaches a minimum, and then rises again. H. C. Jones and co-workers showed 
that the results agree with the assumption that solvation occurs with soln. more 
cone, than 0-5JV-H2SO4 — vide sujora, the hydrates of sulphuric acid. E. Cornec 
found that the curve showing the lowering of the f.p. of sulphuric acid during its 
progressive neutralization with a soln. of potassium or ammonium hydroxide 
shows one break corresponding with the normal salt. P. M. Raoult determined 
the efiect of sulphuric acid on the f.p. of ethylene bromide ; E. Mameli, acetic 
and chloracetic acids ; G. Ampola and E. Carlinfanti, nitrobenzene ; and G. Oddo, 
phosphoryl chloride. In nitrobenzene, acetic and chloracetic acids, formic acid, 
and in phosphoryl chloride, the computed mol. wt. agrees with (112804)2. 
P. M. Eaoult discussed the mol. lowering of the f.p. of soln. of the sulphates. He 
found that the mol. wts. of freshly prepared spin, of sulphuric acid in acetic acid 
correspond with (H2S04)2, and that the molecules depolymerize on standing. 
G. Oddo and E. Scandola gave 6*81 for the cryoscopic constant of H2SO4 
(f.p. 10*43®) ; E. Auerbach, 10*5® for pyrosulphuric acid ; and A. Hantzsch, 7*00 
(with f.p. 10*46®). The mol. condition of various substances dissolved in absolute 
sulphuric acid were studied by G. Oddo and co-workers, and A. Hantzsch. 
E. Lespieau gave 4*8 for the cryoscopic constant of H2SO4.H2O (f.p. 8*4®) ; and 
he found the mol. lowering of the f.p. in liquid hydrogen cyanide to be 19*5. 

J. L. Gay Lussac said that when the vapour of sulphuric acid is passed through 
a white-hot porcelain tube, the sulphur trioxide is broken down into sulphur dioxide 
and oxygen, and H. St. C. DeviHe and H. Debray, and C. A. Winkler utilized the 
reaction for preparing oxygen. The acid was dropped into a red-hot retort filled 
with platinum scraps, or fragments of pottery ; the sulphur dioxide was removed 
by washing the mixed gases with water. According to T. B. Eedwood, some sulphur 
dioxide is formed when sulphuric acid is distilled in a platinum retort. J. A. Wanklyn 
and J. Robinson showed that the vapour of sulphuric acid decomposes into sulphur 
trioxide and water, and the two gaseous components can be separated by atmolysis 
owing to their different rates of diffusion. M. Bodenstein and M. Katayama studied 
the dissociation of the vapour of sulphuric acid : H2S04^H20+S03, at temp, 
above 600®, and found that the dissociation constant, K, in .K[H2S04]=[S03][H20], 
can be represented by log Q/4-571T+0-75 log J'+4*086, when the concentra- 
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tions are expressed in mols per litre. The temp, of half dissociation at atm. press, 
is 623° K., when the calculated value is 599° K. By adding oT to the equation to 
allow for the difierence in the sp. ht., c, of the substances formed and destroyed 
in the change, log -22850/4*571 r+0-75 log r-0*00057T+4*086, fits the 

observed results very well for acid vapour containing 85*05-100*5 per cent, H 2 SO 4 . 

Observations on the vapour pressure of sulphuric acid in aq. soln. have been 
made by W, Muller-Erzbach,'^^ Faillebin, K. Scheel, C. A. Perkins, T. Tate, 
E. von Helmholtz, F, L. Kortright, E. Aston and W. Eamsay, J. N. Bronsted, 
W. C. Ferguson, E. Baur, A. Vogel, W. Daudt, H. E. Roscoe, Lord Rayleigh, 
R. E. Wilson, and R. W. G-ray and H. Whitaker. The results of H. V. Reguault are 
indicated in Table X for temp, ranging from 5° to 35°, and for cone, ranging from 


Table X. — ^Vapoub Pressijjeies op Wateb oveb Mixtubes op Stjlphtjbio Acm 
AND Wateb (H. V. Regnauxt), 


ft 

Ter cent. H 2 SO 4 (Pressures in mm.) 

£ 

0 

B 

8i-48 

7 

313 

G4-47 

57*65 

52-13 

43-75 

37-C9 

3.>10 

24-26 


SO 3 . 2 H 2 O 

SO3 

. 3 H 20 

SO 3 . 4 H 2 O 

SO 3 . 5 H 2 O 

SO3.CH2O 

SO3.8H2O 

SO 3 .IOH 2 O 

SO3.12H.0 

S3.I8H2O 


0-105 

0* 

388 

0*861 

1*294 

2*137 

3*168 

4*120 

4*428 

5-478 

go 

0*106 

0 

409 

0*922 

1*399 

2*296 

3*398 

4*416 

4*787 

6*879 

7° 

0*108 

0 

430 

0*985 

1*510 

2*464 

3-643 

4*728 

5*164 

6*300 

8" 

0*110 

0 

452 

1*053 

1-628 

2*641 

3*902 

5*059 

6*562 

6*745 

r 

0*112 

0 

476 

1*125 

1-753 

2*829 

4*176 

5-408 

6*980 

7*2X6 

10“ 

0*116 

0 

601 

1*200 

1-885 

3*029 

4*466 

5.777 

6*420 

7*712 

11° 

0*118 

0 

527 

1*280 

2-025 

3*240 

4*773 

6*166 

6*883 

8*237 

12° 

0*121 

0 

556 

1*364 

2-173 

3*463 

5*098 

6*578 

7*371 

8*790 

13° 

0*124 

0 

586 

1*464 

2-331 

3*699 

5*443 

7*013 

7*885 

9*374 

14° 

0*127 

0 

617 

1*548 

2*498 

3*950 

5*808 

7*473 

8*425 

9*991 

15° 

0*131 

0 

651 

1*648 

2*674 

4*215 

6*194 

7*958 

8*995 

10*641 

16° 

0*135 

0 

687 

1*753 

2*861 

4*495 

6*603 

8*471 

9*592 

11*329 

17° 

0*139 

0 

725 

1*865 

3*059 

4*793 

7*036 

9*014 

10*222 

12*054 

18° 

0*144 

0 

765 

1*983 

3-270 

5*107 

7*495 

9*586 

10*885 

12*820 

19° 

0*149 

0 

808 

2*108 

3*492 

5*440 

7*980 

10*191 

11*583 

13*628 

20° 

0*154 

0 

853 

2*241 

3*728 

6*792 

8*494 

10*831 

12*317 

14*482 

21° 

0*159 

0 

•901 

2*380 

3*977 

6*166 

9*039 

11*506 

13*090 

15*383 

22° 

0*165 

0 

•952 

2*528 

4*243 

6*561 

9*615 

12*220 i 

13*904 

16*334 

23° 

0*171 

1 

■006 

2*684 

4*523 

6*979 

10*226 

12*974 

14*760 

17*338 

24° 

0*177 

1 

■064 

2*849 

4*820 

7*422 

10*872 

13*771 

15*661 

18*397 

25° 

0*184 

1 

•125 

3*024 

5*135 

7*892 

11-557 

14*613 

16*610 

19*516 

26° 

0*191 

1 

■190 

3*209 

5*469 

8*388 

12*282 

15*503 

17*608 

20*697 

27° 

0*199 

1 

*258 

3*405 

5*822 

8*914 

13*050 

16*443 

18*659 

21*944 

28° 

0*207 

1 

331 

3*611 

6*197 

9*471 

13*862 

17*436 

19*765 

23*260 

29° 

0*216 

1- 

•408 

3*830 

6*594 

10*060 

14*723 

18*486 

20*929 

24*650 

30°: 

0*226 

1- 

'490 

4*061 

7014 

10*684 

15*635 

19*594 

22*164 

26*117 

31° 

0*235 

1- 

■577 

4*305 

7*459 

11*345 

16*600 

20-765 

23*443 

1 27*666 

32° 1 

0*245 

1‘ 

■670 

4*564 

7*933 

12*045 

17*622 

! 22*003 

24*300 

29*300 

33° ! 

0*266 

1 

•767 

4*838 

8*432 

12*786 

18*704 

23*311 

26*228 

31*025 

34° 

0*256 

1 

•871 

5*127 

8*962 

13*569 

19*850 

24*692 

27*732 

32*847 

35° 

0*280 

1 

•981 

5*432 

9*524 

14*400 

21*063 

i 

26*152 

29*314 

34*770 


SO 3 . 2 H 2 O to SO 3 .I 8 H 2 O, or from 24*26 to 86*48 per cent. H 2 SO 4 . B, C. Buit- 
gave for the vap. press., p mm., of water over mixtures of sulphuric acid and 
water — ^for 24*92 per cent. H 2 SO 4 : 


55“ 60 “ 

p . 95*5 120*7 

70 ® 

192*7 

75 ® 

240*2 

85“ 

363*3 

95 ® 

532*6 

100 ® 

640*8 

for 30*46 per cent, H 2 SO 4 : 






55 ® 60 ® 

p . 86*8 111*0 

70 “ 

176*6 

76 ® 

219*8 

85 ® 

332*8 

95 ® 

488*2 

100 ® 

589*9 
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for 41*01 per cent. H2SO4 : 


60® 

70® 

80° 

90® 

100° 

105° 

110° 

V . 84*2 

136*5 

211-8 

317-2 

465-8 

560-2 

670-2 

for 54*24 per cent. H2SO4 : 






60® 

70® 

80° 

90° 

100® 

115° 

125° 

p . 44-1 

74*0 

118-1 

182-9 

267-4 

470-9 

662-6 

for 62*81 per cent. H2SO4 : 






70° 

86® 

95° 

110® 

120® 

130° 

140° 

p . 35*4 

73*6 

115-8 

210-8 

308-0 

438-3 

612-8 

for 70*78 per cent. H2SO4 : 






0 

0 

03 

100 “ 

110° 

120® 

135° 

150° 

160° 

p . 35-5 ■ 

37-0 

89-0 

140-4 

246-3 

426-9 

589*0 

for 81*15 per cent. H2SO4 : 






135® 

145° 

150® 

155® 

160° 

165° 

170° 

p . 52*8 

82-6 

101-7 

124-G 

150-4 

180-9 

218-9 

for 91*01 per cent. 

,H 2 S 04 : 






175° 

185° 

195° 

205° 

215° 

‘220° 

230® 

p . 45-5 

G7-9 

98-1 

138-2 

190-3 

223-6 

263-5 

for 95*94 per cent. 

H2SO4 : 






205° 

210 ° 

215° 

220® 

225° 

230° 

235° 

p . 31*1 

40-8 

50-1 

GO-8 

72-2 

85-9 

106-0 


B. C. Burt showed that the mol. wt. calculated from the vap. press, never rise 
above 32*7 and are usually below 32*7 ; they increase with temp., and decrease 
with greater concentrations. Inversion points frequently occur in the mol. wt. — 
temp, curves. It is therefore inferred that combination occurs in soln. forming 
new complexes, but there is no satisfactory evidence to show that definite hydrates 
exist in the soln. Using the data of B. Briggs in Table XI, and from those of 
E. Sorel in Table XII, A. W. Porter found that when E. Sorel’s data are com- 
bined with J. Bertrand's vap. press, formula, and Clapeyron’s equation, impossible 
values are obtained for the heats of soln. of sulphuric acid and water — vide infra. 
A. W. Porter represented B. C. Burt’s results by ^=(1*4455 — 1*447 so for 
sulphuric acid ; and E. Knietsch’s results for fuming sulphuric acid by ^—(1*295 
— 94r~i)50 on the assumption that the mol. wt. of the vapour of sulphur trioxide 
is 80. C. H. Greenewalt compiled the following data for the constants a and 6 in 
the equation log 'p=a—hT~^ for soln. containing w per cent. H2SO4 : 


10 

0 

10 

20 

40 

60 

80 

90 

95 

a . 

. 8-946 

8*925 

8-922 

8-844 

8-841 

9-293 

9-255 

9-790 

h . 

. 2260 

2259 

2268 

2299 

2458 

3040 

3390 

3888 


E. Xnietsoh measured the vap. press, of fuming sulphuric acid in an iron vessel 
three-quarters filled with, the oleum, and the remainder with air. The manometer 
readings are indicated in Table XIII. J. W. McDavid also measured the vap. 
press, of fuming sulphuric acid. Observations on the molecular lowering of the 
vapour pressure of water, 8, by sulphuric acid were made by G. Tammann, A. Groll- 
nian and J. C. W. Exazer, M. C. Boswell and B. C. Cantelo, A. Smits, and G. Hacker. 
C. Dieterici found that at 0®, for soln. of normality N, the moL lowerings of the vap. 
press, are : 



0*9505 

0-4483 

0-2323 

0-1472 

0-1106 

0-0624 

Po-p 

0-1680 

0-0767 

0-0391 

0-0246 

0-0199 

0-0105 


. 0-177 

0-171 

0 168 

0-167 

0-180 

0-163 


Tlie results show that the moL wt, increases with increasing concentration. A. Groll- 
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TabLiE XI. Vapoxjk. Pressitre of Water over Mixtures of Sutjphurio 
Acid axd Water (B. BRiGas)^ 


HgSO. 




Temperatures (Pressures in mm.) 



per cent. 

100“ 

110“ 

120“ 

130“ 

140“ 

150“ 

160“ 

1 170“ j 180“ 

1 190“ ! 

( ! 

200“ 

77-51 

20-2 

42-5 

710 

112-5 

168-5 

300-0 



' 1 

1 ' 


79-17 

14-3 

33-8 

56-2 

1 86-2 ! 

132-0 i 

210-0 ' 

335-0 

1 i 




81-81 

8*5 

18-8 

32-5 

51-0 1 

75-7 i 

126-5 , 

207-5 1 

322-5 : — 

‘ 1 



84-26 

5-3 

11-1 

18-5 

29-5 

46-0 ; 

76-7 ' 

118-5 

180-0 282-5 

j 



87-32 


5-0 

8-7 

16-0 

26-3 ! 

43-5 1 

63-8 

92-5 1 132-5 

191-0 ! 

367 

91-22 

2-4 j 



6-9 

10-0 1 

! 

15-0 j 

25-0 

40-6 1 92-5 

i 

; 92-5 1 

' i 

149 


Table XII. — Vapour Pressure of Water over Mixtures of Sulphuric Acid 

AXD Water (E. Sorel). 


Temperatures (Pressures in mm.) 


perl^ent. 

10“ 

20“ 

30“ 

40“ 

50“ 

C0“ 

70“ 

i 80“ 

! 90“ 

i 

' 05“ 

44 

4-4 

8*5 

15*5 

28-1 

48-3 






46 

4-0 

7-7 

14-5 

26-3 

44-4 

76-5 

— 

j 





48 

3-7 

7-1 

13-4 

23-9 

40-1 

69-0 

107-2 

5 





60 

3-3 

6-5 

12-0 

21-4 

35-9 

61-3 

95-6 

i 152-0 

236-7 



52 

3-0 

5-8 

10-9 

18-9 

31-5 

54-0 

84-5 

131-2 

207-9 

251-5 

54 

2-6 

5-0 

9-5 

16-5 

27-8 

47-2 

74-8 

116-1 

183-5 

222-0 

56 

2-2 

4-3 

8-1 

14-2. 

24-1 

41-6 

65-0 

100-9 

160-0 

195-0 

58 

1-9 

3-5 

7-2 

12-0 

20-4 

34-5 

55-4 

86-2 

138-6 

169-5 

60 

1-6 

3-0 

6-1 

10-0 • 

16-9 

28-7 

46-1 

72-3 

118-7 

146-0 

62 

1-4 

2-6 

6-0 

8*1 ! 

13-9 

23-9 

1 37*7 

59-7 

100-7 

125-0 

64 

1-2 j 

2-2 

4-0 

6-5 

10-9 

18-7 

30-3 

1 48-0 

83-7 

105-0 

66 

1-1 ! 

1-8 

3-5 1 

5-4 • 

8-9 

15-2 

24-2 

39-0 

70-0 

88*0 

68 

0-9 1 

1-5 

3-0 1 

4-5 

7*2 

12-3 

19-4 

1 31-4 

56-0 

72-0 

70 

0-8 ! 

1-3 

2-5 

3-8 • 

6-9 

9-5 

16-5 

25-5 

44-4 1 

] 67-0 

72 

0-7 

1-0 

2-0 

3-2 

i 4*8 

7-6 

12-0 

20-0 

33-7 , 

1 43-4 

74 

0-5 

0-6 

1-7 

2-6 

1 3-9 

6*0 

9-5 

15-4 

24-5 

i 31-5 

76 

0-4 

0-5 

1-4 

2-1 • 

i 3-0 

4-8 

7-5 

11-8 

18-5 

22-0 

78 

0-3 

0-4 1 

1-1 

1-7 

2-4 

3-5 

5-7 ’ 

8-5 

13-0 j 

15-8 

80 

0-2 

0-3 * 

0-8 

1-3.1 

1-9 

2-9 

4-1 ; 

6-2 

9-3 I 

11-0 

82 

0-1 

0-2 

0-5 

0-9 ! 

1*4 

2-0 j 

2-7 ; 

! 

i 

3-9 

5-6 i 

6-8 


Table XIII. — ^Total Vapour Pressure of Fuming Sulphuric Acid. 


Temp, 

Per cent, oleum (Pressures in atmosphere). 

! 

30 ; 

40 

1 1 

60 

eo 

70 

; 80 

100 


So'* 





_ 

i 

0-150 ! 

0-400 

40° 



0-075 

— 

0-225 

0-375 1 

0-500 

0-650 

60° 

0-100 

0-175 

0-350 

0-525 

0*775 i 

0-875 

1-200 

60° 

0-200 

0-275 

0-650 

0-825 

1-400 : 

1-500 

1*850 

70° 

0-275 

0-400 

0-825 

1-275 i 

2-050 1 

2-300 

2-725 

80- 

0-400 

0*575 

1-150 

1-850 ! 

3-100 j 

3-500 

4-000 

90° 

0-530 

0-825 

1-700 

2-575 : 

4-400 • 

5-050 

i 6-900 

100° 

0-730 

MOO 

2-400 ! 

i 

3-700 i 

1 

6-000 i 


i 


man and J. C. W. Prazer also measured the lowering of the vap. press, of soln. 
up to 2*91f-H2S04. N. de Kolossowsky gave 5-35-5*95 for the ehuHiosoopic 
coristant. 
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A. Bellani said tLat no sulpliuric acid vapour is given off at ordinary temp., 
and T* Graliam, that the dil. acid can be concentrated at a temp, not exceeding 
190° without the loss of a particle of acid. G. A. Koenig, and A. Colefax stated 
that sulphuric acid is itself slightly volatile at temp, below 30° ; and H. C. Gore 
also said that in vacuum desiccators sulphuric acid may lose 0*00656 mgrm. per sq. 
cm. per day owing to its volatility ; but G. S. Johnson showed that the acid is not 
volatile at ordinary temp, even in a good vacuum, if no reducing vapours are pre- 
sent. H. Eebenstorff's statement that cone, sulphuric acid evaporates very slowly 
in dry air, but more quickly in moist air, has not been confirmed ; and the same 
thing applies to P. M. Delacharlonny’s statement that cone, sulphuric acid at 65°- 
70° gives off acid fumes. At higher temp., as shown by H. N. Morris, the acid may 
give off white fumes — vide infra, chemical mist. F. Krauss also said that a volatile 
compound is formed when barium sulphate is dissolved in cone, sulphuric acid. 
B. C. Burt’s observations show that the observed vap. press, up to 200° are in aU 
probability due to water alone ; but J. S. Thomas and A, G. Ramsay have shown 
that the partial press, of the sulphuric acid is measurable at 140°, with 97*6 per cent. 
H2SO4 ; but with dil. acids the partial press, of H2SO4 is too small to measure 
accurately below 200°. The following is a selection from their results when the 
partial press, of the sulphuric acid vapour are expressed in mm. of mercury : 


Per cent. 


H2S04 

160 ® 

180 ® 

200 ® 

220 ® 

230 ® 

250 ® 

260 ® 

86-76 

0-006 

0-02 

0-08 

0-39 

— 

— 

— 

91-43 

0-01 

0-03 

0*125 

0*50 

1-10 

4-58 

— 

97*68 

0-40 

1-05 

2-45 

4-95 

7-00 

14-00 

20-00 

99-62 

0-70 

1-50 

3*50 

6-85 

9-55 

19-00 

26-20 


The results can be represented by log ^=0*0145T““6*3258, or log ^=7*8315 
— 3959T”! for the 99*67 per cent, acid; by log j9=0*0158r—7*1161, or logy— 8*5993 
— -3899r“i forthe 97*58 per cent, acidi; bylogy—0*0317r— 15*8923, or logy— 15*3259 
— 8183T~"i for91*43 percent. acid; andbylogy=0*0324r— 16*4089, or logy =17*7644 
— 8967T“i for the 86*76 per cent. acid. Where the press, are small, these relations 
are not reliable — vide infra. The vapour is probably present in the more or less 
dissociated form H2S04^S03H-H20. J. S. Thomas and W. F. Barker measured 
the partial press, of both the water and the sulphuric acid. Selecting a few numbers 
from their tables 


Assuming complete dissociation. 
Per cent. ^ - — a . ^ 



d 



P 



P' 

1 

iss-o*^ 

0-5 

78-8 

79-3 

0-1 

79-2 

79*3 

00 

216-5“ 

2-1 

233-1 

235-2 

2-1 

234-6 

236*7 

1 

241-6“ 

5-3 

414-8 

420-1 

5-3 

417^2 

422*5 


191-0® 

0-6 

50-7 

51-3 

0-6 

51-3 

51*9 

91-26| 

242-5® 

6-4 

271-6 

278-0 

6-4 

* 275-7 

282*1 


262-5° 

16-3 

411-1 

427-4 

15-9 

419-0 

434*9 


: 180-0° 

2-1 

10*1 

12*2 

2-1 

12-2 

14*3 

95*06| 

244-5° 

19*9 

120-1 

140-0 

19-4 

136-4 

155*8 


[282-0° 

62-6 

350-2 

402-8 

49-2 

376-5 

425*7 

1 

(204-0° 

6-9 

0-0 

5-9 

5-9 

6-9 

11-8 

98-06. 

249-0° 

28*5 

2-6 

31-1 

27*5 

20-0 

67*5 


1 296-0° 

132-3 

14*7 

147-0 

112-7 

125-2 

237*0 


(211-0° 

33*2 

— 

33-2 

33-2 

33-2 

66*4 

99*23 

244-0° 

84*1 

— 

84-1 

84-1 

84-1 

168*2 


(290*0° 

381-6 

— 

381-5 

381-5 

381*5 

763-0 


The partial press, can b© represented by an equation of the type log^oP log T. 
For 89-25 per cent, H 2 S 04 ,logioPgr =76*5303 +8529-90T“^+21 -4609 log T; logioP^ 

-32-6120+216-85T“i-13-U4 log T J and logio P= -33-6236+ 155-653T-1- 13:443 log iT. 
For 91-26 per cent. H,SO.,logio PHjSO, = 48-2388 + 7026-672'—*^ = 12-4310 log T ; 
logwl>H 0=®5-2394-f7364-242--i-fl7-8866 logr; and logi„P = 66-8040 + 7483-282--1 
-f 18-36^9 logr. For 95-06 per cent. HjSO., logPH,SOi=-106-6692-4828-252*-i 
-36-2946 log r; logioPHiO=22-4406+4641-02'-i 4-2726 log T; and logP=8-4668 
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-f 3516-97^r-i -0*1707 log T- For 08*06 per cent. H 2 SO 4 , logjo^ gQ =8*2878--4319-7T 
-0*5166 logT; logioPH.O = 2^‘'^1^9 + 5415*3ir-i + 3-6353 log T and logjoP = 10-8170 
-f4518*2I^r-^ + 0*2571 iog^. For 99*23 per cent. HoSO., log -20*0946 + 1695-86r~i 
-9*3427 log r. 

The isothermal curves arc plotted in Figs. 91 to 93. With the curves for the total 



Fig. 91. — Total Vapour Fig. 92. — Partial Fig. 93. — Partial 

Pressure over Sul- Pressure of Pressure of 

phuric Acid, Water Vapour Acid over Sul- 

over Sulphuric phuric Acid. 

Acid. 

press., and for the partial press, of H2SO4, there is an abrupt change of direction 
when the soln. contains 98-2 per cent. H^SO^. J. R. I. Hepburn, and 
L R. McHaffie also measured the vap. press, of the water over 65-9-83*5 per cent, 
sulphuric acid between 15-5° and 17*5'^, and the results agree with those of 
R. E. Wilson, and J. H. Bronsted. Formulae proposed hy P. Duhem,!^ M. Mar- 
gules, J. von Zawidzhy, and R. A. Lehfeldt, express the relationship between the 
composition of the liquid, and the partial vap. press, of its constituents. The 
results with the so-called Duheni-Margules’ formula — 1 . 10, 10 — are very fair in 
view of the complication arising from the dissociation of the acid. For the dis- 
tillation of mixtures of sulphuric and nitric acids, vide nitric acid. A. Sanfourche 
and L. Eondier discussed the vap. press, of mixtures of sulphuric acid with 
nitrous and nitric acids. A. W. Porter, and J. R. Pound studied the vap. press, 
of mixtures of ether and sulphuric acid. 

If a drop of sulphuric acid, H2SO4, he placed in a flask containing dust-free air, 
sat. with water vapour, a dense cloud appears. The chemical mists or chemical 
fogs produced hy a reaction in the vaporous state — e.g, air containing animoniuin 
chloride, phosphorus pentoxide, iodic acid, and sulphur dioxide — can be passed 
many times through water without the dissipation of the mist. H, N. Morris 
showed that the white fumes given ofl when cone, sulphuric acid is heated in a 
closed retort, are exceedingly difflcult to absorb or condense. For instance, the 
white cloud persists after it has passed through a series of pipes immersed in water, 
and then through a coke scrubber moistened with water ; after it has passed 
through water, dil. sulphuric acid, soda-lye, sodium carbonate soln,, lime-water, 
ammonia, etc. ; also through tubes packed with many of these solids. Th« 
sulphuric acid fumes were not visibly afiected after passage through a 10 per cent, 
soln. of barium chloride, and the soln. becomes turbid only after 15 minutes^ action. 
The cloud disappears after it has stood a long time in contact with ^ water. The 
mists from chemical reactions were studied by H. Remy and co-workers. In the 
case of the burner gas of the contact process for sulphuric acid, the temp, is so high 
that the sulphuric acid must he dissociated into sulphur trioxide and water. It 
is not settled whether the two vapours on cooling form liquid sulphuric acid, or 
whether sulphuric acid vapour is formed and subsequently condensed. When the 
mist is formed, the vapours may condense on solid particles of dust, or on ionized 
gas molecules. The droplets are presumably larger the more slowly the gas is 
cooled, and R. Rnietsch showed that with slow cooling the more reafey the mist 
is clarified. Tt lias been shown — 1 . 9, 6 — ^that tlie sinalh'r the droplets tlie greater 
VOL. X. 2 I) 
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tlic vap. press. As sliown by J. S. E. Townsend, the vap. press, ol the droplets may 
approach that of the water or dil. acid with which they are to be washed or scrubbed, 
so that the washing may' be slow, and depend on the vigour of tbe mechanical 
agitation of gas and liquid. V. Rothmund’s observations on these mists indicated 
that the mean d.ametei of the particles is 10~^ cm., and A. Delasalle obtained a 
similar value for the sulphuric acid mist. H. Eemy found that the absorption 
of ammonium chloride mist is greater in water than in a nearly sat. soln. of that 
salt ; with sulphuric acid mist, the absorption of water is visibly incomplete, 
wdiereas, with 98 per cent, sulphuric acid, the mist is cleared. Actually, however, 
the absorption by water is greatest, and the 98 per cent, acid is a bad solvent, but 
it renders the mist invisible — if the gas be then passed through water, the mist 
reappears. This is taken to mean that the sulphuric acid and sulphur trioxide 
mists must not be confused ; the 98 per cent, sulphuric acid is the best absorbent 
for sulphur trioxide. The stability of the mists was discussed by W. E. Gibbs, 

5. Leliner and G. B. Taylor, E. Regeucr, H. 0. Askew, and M. Pailly. Although 
the vap, press, increases as the droplets become smaller, an electric charge may 
act in the converse way, W. D. Bancroft said that the permanence of the mist 
may be due to a film of absorbed air on the surface of the particles, but E. Edser 
was unable to support the hypothesis. P. Pascal, and A. Delasalle discussed 
the electrostatic precipitation of sulphuric acid mist ; and V. Kohlschiitter, 

6. Nonhebel and co-workers, and A. Stager, the properties of aerosols. 

According to W. Beyerinckd^ a drop of sulphuric acid, placed upon a glass 

plate, can absorb water vapour from its immediate neighbourhood, and thus sur- 
rounding itself with a sphere which is apparently free from moisture. The size 
of the sphere varies with the nature of the liquid taken ; with sulphuTic acid it is 
2 or 3 cms. The size probably depends on the surface tension. The desiccating 
power of sulphuric acid of sp. gr. 1*838 is such that a litre of moist gas in contact 
with the acid retains 0-0525 grm. of moisture — vide 1. 7, 2. The subject was 
investigated by R. Fresenius,^^ E. W. Morley, C. H. Grecnewalt, J. H. Yoe, 
G. P. Baxter and R. D. Warren, J. W. Marden and V. Elliott, F. M. G. Johnson, 
etc. R. E. Wilson, and W. K. Lewis and W. H. McAdams studied the control 
of the humidity of atmosphere by soln. of sulphuric acid. 

J. Dalton gave a table of the boiling point of sulphuric acid, and G. Lunge 
also gave a table from which the following data have been selected : 

H 2 SO 4 . 95-3 84*3 73*9 64-3 50*3 41*5 27*6 15*8 8*5 per cent. 

B. p. . 297° 228° 180° 151-5° 124° 115° 107° 103-5° 101-5° 

Press. . 718-8 720*5 725*2 730*1 730*1 730*1 732*9 732*9 735*0 

A. Eussy said that fuming sulphuric acid begins to boil at 40^-50*^ ; and E. Knietsch 
gave for the b.p. of fuming sulphuric acid at 759 mm. press. : 

Pree SO 3 3*64 9*63 26*23 42*84 63*20 97*20 

B.p. . 212° 170° 126° 92° 60° 43° 

T. Graham said that when the dil. acid is heated, water alone is first given ofi, 
and no acid vapour is evolved until the liquid has the composition H2S04.2Il2^- 

C. G. Gmelin, C. Julin, and H. Hess found that an acid of sp. gr. 1-8435 gives ofi 
dil. acid until the residue has a sp. gr. 1-85. As previously indicated, the most 
cone, acid obtained by boiling down the ordinary acid contains a quantity of water 
and is variously stated by J. C. G. de Marignac, L. Pfaundler and A. Polt, 
A. Bineau, H. E. Roscoe, W. Dittmar, G. Lunge and P. Naef, etc., to have 97-86- 
99-0 per cent, of H2SO4. G. Lunge, and R. Knietsch agree that the concentration 
of the constant boiling acid is 98-3 per cent. H2SO4. W. Dittmar said that the 
composition approximates to J. C. G. de Marignac’s value H2S04,1 yW 20> 
when the press, ranges from 30 to 314 mm., while L. Pfaundler and A. Polt observed 
that if a current of dry air be passed through soln. of sulphnxic acid of different 
concentrations, at a temp., 6°, the percentage amount of the monohydxatc formed 
is 100- 0*0050. The b.p. of this acid given by R. Knietsch is 330®, and this is the 
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so-called maxiBnim l).p. An acid of less cone, than 9S“3 per cent. H 2 SO 4 gives off 
water or dil. snlplmric acid until the b.p. 330° is attained ; and an acid of greater 
cone, gives off sulpliiir trioxide until it has the constant boiling composition. The 
vap. press, of this acid in vacuo is immeasurably small. sulphuric acid, 

below 80-82 per cent. H2SO4, is heated it gives off water vapour alone^ or an 
inappreciable amount of sulphuric acid. J. S. Thomas and A. G. Ramsay showed, 
that the partial vap. press, of sulphuric acid with soln. containing than 92 per 
cent. H2SO4 is very small, but increases in magnitude with moro cone, acids. 

The tampiiig of the boiling acid has been discussed in connection with its 
concentration — vide supra, P. Vaillant studied the rate o! evaporation of soln. of 
sulphuric acid. B. Beckmann gave 5*33 for the ebulMoscopie eonstaat of H^SO^ of 
b.p. 331*7°. 

G. Oddo and E. Scandola,^^ S. U. Pickering, and A. Idantzsch, gave 24:“03 cals, 
per gram, or 2*358 Cals, per mol for the latent heat ol iusion of sulphuric acid, 
H2SO4, at about 10° ; and R. Knietsch, 22*82 cals, per gram or 2*239 Gals, per mol. 
M. Berthelot gave 3*68 Cals, per mol or 31*72 cals, per gram for the heat of fusion 
of the monohydrate, H2SO4.H2O ; H. Hammerl gave 4*05-4*18 Cals. ; S. U. Picker- 
ing, 4*63 Cals. ; W. F. Luginin and G. Dupont gave lor pyrosulphuric acid, 
15*4 cals, per gram at 21° ; and for sulphuric acid, 4*52 Cals. ; while J. N. Bronsted 
gave 4*45 Cals, at about 8°. A. W, Porter calculated from R. Ejoietsch’s observa- 
tions the latent heats of fusion for fuming sulphuric acid with p per cent, of SO 3 : 

^ . 90 92 94 96 98 100 

Heat fusion 25 26 24 25 23 22 

E. Beckmann, and C. C. Person found the heat oS vapomation of sulphuric acid, 
H2SO4, to be 122*1 cals, per gram, or 11*98 Cals, per mol at 326°. J, S. Thomas 
and A. G. Ramsay found that the heat of vaporization increases by dilution with 
acid ; and that of water decreases ; while below 220°, the latent heat of vaporization 
is fairly constant, but above that temp, it increases slowly with rise of temp. Thus, 
the heat of vaporization of sulphuric acid in Cals, per mol is : 


Per cent. HaSO^ 

200® 

210® 

220® 

230 ® 

240 ® 

99*62 . 

18-00 

16-84 

16-25 

15-93 

16-07 

97-58 . 

18-19 

16-88 

16-57 

16-20 

16-22 

91-43 . 

— 

37-38 

33-55 

— 

— 


The high values are due to heat effects attending the dissociation of the 
acid for the mol. latent heat (16,500 cals.) is compounded of the heat of 
evaporation of a mol of H2SO4 (16,100 cals.) plus the heat of formation of 
pIP mols of SO3 (0*045 x 26600 cals.) less the heat of vaporization of pjP mols of 
water from the liquid (0*045 X 18000) cals. M. S. Vrevsky found the latent heat of 
vaporization of 53*07 per cent, sulphuric acid at 96*5° is 595*1 cals., when that of 
water at 79*3° is 552*4 cals. M. S. Vrevsky and P. B. Mkolsky found the difference 
in the latent heats of vaporization of water and 17 per cent, sulphuric acid is 
1*2 cals. ; between water and 57 per cent, sulphuric acid, 62*6 cals. If n denotes 
the number of mols of water per gram of acid ; I, the latent heat of the acid ; and 
?o, the latent heat of water; then if ^>^7*3, I=Z0Xl268w.“^, and if 
^=^oX62?^-lx7939^•-2; and {8QI8n)n^-{8QISn)n==RT 

According to A. W. Porter, the latent heat of evaporation, of the solvent of 
a Boba. is obtained by adding the true heat of dilution, to the latent heat of 
evaporation of the pure solvent Lgoivent X Qd ; and hence, at 15°, for soln. with 
p per cent, of SO^ ; 

p , 20 50 55 60 70 75 80 

L . 595 659 687 724 ^ 844 945 1088 cals, per gram 

J. Bertrand’s equation where a, h, and n are consents, and p 

denotes the vap. press, of water from the soln., the latter equation becomes 
p=(l*4455 — 114*7r“i)^‘0. Combining this result with Clapeyron^s equation 
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L^T(u—v)dj)[(IT from 1. 9, I, it follows that L— where R is the gas 
constant. Hence, L— 632-5j3~o o*2 cals, per gram. The latent heat of evaporation 
of a gram of water from a soln. of sulphuric acid : 


Per cent. SO, 

15" 

100" 

150“ 

200“ 

20 . 

505 

545 

510 

467 

50 . 

()50 

612 

579 

538 

1)0 . 

724 

681 

650 

611 

70 

844: 

BIO 

784 

750 

80 . 

1088 

1077 

1064 

1044 

The latent heat for 

the total evaporation of water from dil. sulphuric acid : 

Per cent. SO3 

15" 

100° 

150“ 

200“ 

20 . 

2832 

26!)8 

2591 

2455 

50 . 

1008 

1016 

1005 

1108 

60 . 

779 

801 

811 

815 

70 . 

595 

627 

643 

656 

80 . 

426 

463 

482 

500 


Dor the evaporation of sulphur trioxide from the fuming acid, J. Bertrand’s formula 
becomes ^==(1*295— 94T~i)5o, and from ClapeyroAs equation, the latent heat of 
evaporation of liquid trioxide becomes when the mol. wt. of the 

vapour of sulphur trioxide is 80. The heat of total evaporation or condensation of 


sulphur trioxide : 

Per cent. SO3 

0“ 

50“ 

100“ 

150“ 

80 

. 1-599 

1*684 

1*790 

1*891 

85 , 

. 1*903 

2*023 

2*156 

2*296 

90 

. 2*400 

2*548 

2*717 

2*898 

95 

. 3*816 

3*958 

4*145 

4*357 

98 . 

. 7*632 

7*606 

7*095 

7*849 

From Clapeyroii’s 

equation, and R. 

Knietsch’s vap. 

press. 

determinations. 


latent heat of evaporation, of a gram of sulphur trioxide, as well as the values of 
a and h which fit J. Bertrand’s equation arc : 


Per cent. SO3 

a 

h 

40“ 

50“ 

60“ 

70“ 

80“ 

00“ 

100“ 

87*15 

. 1 2082 

80*0 


— 

102*5 

101*9 

lOM 

100*5 

99*9 

89*00 

. 1*2440 

90 0 


115*6 

114*6 

113*8 

113*0 

112*1 

. — 

90*80 

. 1*2464 

92*0 

. - 

116*6 

115*6 

114*6 

113*0 

113*0 

112*2 

92*65 

, 1*2800 

94*5 

— - 

118*8 

117*8 

116*7 

115*9 

115*1 

114*2 

94*50 

. 1*2890 

94*0 

— 

— 

115*8 

114*9 

114*0 

113*2 

112*5 

96*30 

. 1*3240 

105*6 

132*8 

131*4 

130*0 

128*8 

127*8 

126*9 

— 

100*00 

. 1*2950 

94*0 

117*0 

116*2 

115-3 

114*4 

113*5 

112*0 

— 


Excepting the 87*15 and 96*30 per cent, soln., the latent heats are virtually the 
same. This would imply that the heat of dilution is zero or else R. Knietsch’s 
data are not unimpeachable. 

Eor the heat of formation, (S02,0,H20), J. Thomsen gave 53'502 Cals., and 
M. Berthelot, 54*4 Cals. ; for (S02,02H2), J- Thomsen gave 121*84 Cals. ; for 
(S03,H20 ), j. Thomsen gave 21*32 Cals., and M. Berthelot, 21*92 Cals. ; for 
(S,30,H20), j. Thomsen gave 124*574 Cals., and M. Berthelot, 124*00-133*0 Cals, ; 
and for (S,202,H2), J. Thomsen gave 192*91 Cals., and M. Berthelot, 193*00-202*0 
Cals. For the monohydrate, (H2S04,H20), all solid, M. Berthelot gave 7*5 Cals., 
and S. V, Pickering, 6*533 Cals.; if all liquid, M. Berthelot gave 6*12 Cals,, 
J . Thomsen, 6*272 Cals., P. A. Favre and C. du Quaillard, 6*507 Cals., L. Pfaundler, 
6*75572 Gals., and S. U. Pickering, 6*667 Cals. ; and if the initial products arc 
liquid, and the final product solid, M. Berthelot gave 9*0 Cals. For the dihydrate, 
(H2S04,2H20), all liquid, P. A. Favre and C. du Quaillard gave. 9*751 Cals., 
J. Thomsen, 9*364 Cals., and L. Pfaundler, 9*99796 Cals. For tlie trihydrate, 
(H2S04,3H20), all liquid, J. Thomsen gave 11*108 (kls., L. Pfaundler, 11*7845 Cals,, 
and P. A. Favre and (4 du Quaillard, 11*593 Cals. It will be observed that while 
the fixation of one mol of water to sulphur trioxidc involves the evolution of 
21*3 Cals., that of the second mol of water involves the evolution of 6*4 Cals., and 
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that of the third mol, only 3*0 Cals. For the heat of formation of dil. 
acid, (H2S04,Aq.), J. Thomsen gave 17'84:8-17*850 Cals., and M. Berthelof;.€l*00 ^ 
Cals. ; for (S 03 ,Aq.), J. Thomsen gave 39*170 Cals., and M. Berthelot, 37*40 Cals , 
for (S02gasjC5Aq.), J. Thomsen gave 71*332-71*350 Cals., and M. Berthelot, 72*0^) 
Cals. ; for (S02,Aq.,0), J. Thomsen gave 63-634 Cals., and M. Berthelot, 64*30 Cals., 
for (S,03,Aq.), J. Thomsen gave 142*404 Cals., and M. Berthelot, 141*00 Cals. ; and 
for (S, 202 ,H 2 ,Aq.), J. Thomsen gave 210*76 Cals. M. Berthelot said that 47 Cals, 
are liberated for each atom of oxygen. G. IST. Lewis and M. Randall estimated the 
free energy of the sulphate ion in ilf -solii. to be —176,500 cals, at 25°, and 
D. F. Smith and J. E. Mayer obtained — 176,540 cals., while the free energy of 
5-441M-H2S04 is 169,850 cals, at 80° and -175,010 cals, at 25°. H. S. Earned 
and R. D« Sturgis studied this subject. 

The mixing of cone, sulphuric acid wdth water is attended by the development 
of much heat. F. Gobel noticed that when sulphuric acid is poured into water in 
successive portions, rapidly following one another, without stirring, phosphor- 
escence is sometimes produced which lasts for some seconds. J. J. Berzelius, and 
H. Hess observed that if sulphuric acid be mixed with one-fourth its weight of 
water, the temp, rises from 0° to 100°. Hence, water contained in a bulb, immersed 
ill a flask in which the acid and water axe mixed, will boil. J. Thomsen said the 
maximum rise of temp. 159° occurs when a mol of H2SO4 is mixed with a niol of 
water, or when one part by weight of the acid with 0*338 part of water. According 
to D. I. Mendeleefl , the maximum amount of heat is developed when the proportion 
of water corresponds with the dihydrate, H2SO4+2H2O. He observed no exact 
proportionality between the quantity of heat developed and the contraction. 
M. Berthelot denied the statement of E. J. Maumene that there is any difference in 
the heat of soln. of freshly prepared and aged sulphuric acid. R. Knietsch found 
from the smoothed curve that the heat of solution, Q Cals., fuming sulphuric acid, 
containing jp per cent, of SO3, is for liquid and solid : 


p 

80 

82 

86 

88 

90 

92 

94 

90 

98 

100 

Liquid 

. 178 

199 

250 

278 

308 

344 

381 

421 

465 

515 

SoUd . 

— 

— 

— 

— 

286 

322 

360 

402 

442 

486 

A. W. Porter showed that R. Knietsch’s results 

agree 

better with 



Liquid 

. 165 

195 

255 

285 

317 : 

349 

382 

419 

459 

504 

SoUd . 

— 

— 

— 

— 

296 

325 

359 

395 

437 

482 


The heats of soln. or dilution, Q Cals., of a mol of H2SO4 with n mols of water 
were measured by J. Thomsen, F. A, Favre and J. T. Silhermann, T. Graham, 
H. Hess, J. J. B. Abria, J. C. G. de Marignac, P. A. Favie and C. du Quaillard, 
S. U. Pickering, G. Ruinelin, H. von Steinwehr, L. Pfaundlef, and J. 'N, Bronsted, 
and the results are indicated in Table XIV. J. A. Muller gave for the heat of 
dilution of a soln. with a mol H2SO4 per litre to infinite voL 19*60 cals, at 14° ; and 
M. Berthelot gave 10*06 Cals, for the heat developed by the soln. of a mol of crystal- 
line H2SO4 in 50-100 parts of water, and for the liquid, 16*92 Cals. G. Rousseau 
and G. Tite said that the heat of soln. rises with. temp, from 16*06 Cals, at 8° to 
18*48 Cals, at 100°. J. Thomsen represented the heat, 6H2SO45 evolved on mixing 
a mol of H2SO4 with n mols of water by the hyperbolic formula QH2SO4 
=17860n/(^ -(-1-798) cals. ; and L. Pfaundler, 

G. Riimelin found that the differential heat of soln. from J. Thomsen’s expression, 
d$/(Zn=32150(n-[-l*798)”2 cals., is not reliable when n is greater than 10 ; and for 
values of n below 32 and above 10, he obtained better results with dQjdn 
=28120 cals. There is here no reference to temp. M. Berthelot said 
that the change 8 Q in the quantity of heat developed on mixing H2SO4 with water 
at temp. 6^ and 62 can he represented by SQ==(c+Ci+C2){0 i— where c, Ci, and 
C2 respectively denote the mol. sp. ht, of the components and of the mixture. 
M, Croullebois represented the quantity of heat Q liberated when x of water is 
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added to a system containing Xq of water, and tEe vap. press, of the water and soln. 
are respectively f and p^, is Q=LJ%{l—{p^pld$)j{pdpsld6)); hut M. Berthelot 

q_iiestioiied tlie accuracy of tlie result. If tlie above data be calculated to allow 
for tbe beat of formation of H 2 SO 4 from SO 3 and H 2 O 5 namely, 21-3 Cals., then 
tbe beats of dilution of sulpbur trioxide, QsOg Cals., with 7i mols of water, are : 

n . . i ho 2 2*5 3 5 1600 

^S 03 • 21-30 25-01 28-04 30-03 21-31 34-14 40-34 

and tbe data of J. Thomsen were represented by A. W. Porter to show tbe beat, 
§S 03 Cals, liberated when a gram of SO 3 is diluted with w grms. of water, Qso^ 
==489‘2t^’/(w-|-0*180) Cals., or from L. Pfaundler’s and J. N. Bronsted’s data, 
^gQ^=504;•2^^;/(l^?^-0•2013) Cals. Tbe difierential coefficient of Q with respect to 
w represents tbe beat set free when a large amount of soln. containing a gram of 
SO 3 and w grms. of water is diluted vritb a gram of water. From tbe last expression, 
dQjdw^lQhDl{iv-\~0'20l3)-, Expressing tbe data in terms of tbe percentage 

Table XIV. — Heats of Solution of H2SO4 in Water. 


Cals, per mo!, of H2SO4 



Per cent. 
H 2 SO 4 in soln 

L. Pfaimdler’, ! 
I ir 1 

J. Thomsen, i 
20 “ ! 

P. A. Pavre, 
etc 

J. 3Sr. BronstedJ 

16“ 1 

S. XT. Pickering. 

0-6 i 

1 

91-59 

3-66618 ! 

1 

3-644 

3-760 

3*706 

1 1 

84*48 

6-77572 j 

6-272 i 

6-512 

6-710 ; 

6-667 

1-5 1 

78-40 

8-67986 ; 

— 

8-354 

8-790 

— 

2 i 

73-13 

9-99799 ' 

9-364 ' 

9-766 

10-020 

9-906 

2-6 i 

68-53 

10-95542 ' 

— 

— 

— ' 

— 

3 

64-47 

11-78450 , 

11-108 ! 

11-593 

1 11-640 

11-698 

4 

67-66 

12-85760 i 

— i 

12-760 

12*830 ; 

12-902 

5 

62*13 : 

13-56222 

13*082 

13-642 

13-710 

13-742 

6 ! 

47-57 

14*39522 ; 

1 

14-396 

1 14-370 

14-407 

7 } 

43-75 

— , 

— 

15-008 

' 14-890 

— 

8 ! 

40*49 

— 

— ; 

15-474 

16-260 

— 

9 

37-69 

— 1 

14*952 j 

1 — 

; 15-580 1 

16-675 

19 i 

22-28 

— 

16*256 



— 

16-916 

49 : 

10-00 ! 

— 

16-684 j 

— 



17-361 

99 , 

6-21 ! 

— 

16-858 ! 

— 

! 17-600 

17-610 

199 i 

2-66 ! 

— 

17-065 1 

— 

17-760 

17-748 

399 

1-34 

— 

1 17-313 ; 

— 

18-120 1 

18-073 

799 i 

0-67 

— 1 

1 17-641 1 

— 

i 18-606 ; 

; 18-560 

1599 1 

0-34 

— 

1 17-867 

— 

1 19-040 

, 18-967 

1 

0 

17-920 

1 

17-994 j 

— 

i “ 

i “ 


amount, p per cent., of SO 3 present in tbe final soln. containing- a gram of 
SO 3 , Qso3=504:-2(100~j>)/(100~0-7987p), or dQIdw^l0hbp^l{l00-0^72S7p)^. 
A. W. Porter represented tbe difierence in tbe thermal capacity of soln. containing 
a gram of SO 3 , before and after mixing, by dA^/d6=0*714:w/t«?+0‘062). Hence, 
the above expression for L. Pfaundler’s and J. N. Bronsted^s data applicable for 
temp, about 15®, assumes tbe form for any other temp., 6 , and tbe beat of soln. of 
a gram of SO 3 in w grams of water at constant temp, is QsO3=SC4*2'i47/(^^?+0*2013) 
+0*714:^(0—15 ) /(i( 7-|-0‘062) ; and tbe corresponding value for tbe difierential 
beat of soln. is dQ/dw=lOl-5/(w+O*2O13)2+O*O443(0— 15 )/(wj+ 0*062)2. Trans- 
forming tbe expression for suit the case of W grms. of SO 3 in w grms. of 

water, at 0®, FOso3=-i93•5^^?TF/(F+O•2O13F)+O•7Mwlf0/(l^?+O*O621F). Tbe beat 
required to evaporate w grms. of water is WL, so that tbe quantity of beat required 
for the total evaporation of a sola, containing W grms. of SO 3 is wL-{~WQs,o^} 
meaning that this quantity of heat is set free when w grms. of water vapour condense 
at constant temp, into W grms. of SO 3 so as to produce sulphuric acid of tbe cone- 
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spoiiding concentration ; or tlie amount wMch would be required to re-evaporatc 
tMs soln. and leaYe only SO3 beiiind. In practice only differences of beat are 
required, namely, the difference corresponding witli tlie evaporation from any 
stated concentration to any otlier attainable concentration. To dilute an infinite 
amount of soln. containing W grins, of SO3 witb an extra gram of water, beat is 
set free equal to 99*33F2/(w+0*2013PF)2+0-044F^d/(?^;-f 

L. Pfaiindler re];)resented tbe beat, Q cals., evolved on mixing a mol of H2^:504 
with a mol of 

H2S04.Br20 H2SO4.2H2O H2SO43H2O H2S04.iH.0 H2S04.5H.>0 

Q . . 0*708 3*528 5*014 “ 7*305“ " 8 252 

of a,S04.H20 with H2SO4.2H2O, 0-272 Cal. ; with H.>S04.3H.0,l-794 Cals ; with 
H^s64.4H20, 2-308 Cals. ; and with HoS04.5HpO, 2-664 Cals. ; of H0SO4.2H0O 
with H2SO4, 3-528 Cals. ; with HgSO^.HoO, 0-272 Cal. ; with HoSO^.SILO, 0-266 
Cal. ; with II2SO4.4II2O, 0-248 Cal. ; and with Il2S^4-bH20, 1-169 Cals. ; and of 
H0SO4.3H2O with H2SO4, 5-614 Cals. ; with H0SO4.H0O, 1-794 Cals. ; and with 
H2SO4.2H2O, 0-266 CaL 

M. Bertbelot gave for tbe beat of soln. of the solid monoliydrate H2SQ4.H3O 
-h400Il20, 7*12 Cals., and of tbe liquid, 10-80 Cals. J. Thomsen gave 11*58 Cals, 
for a mol of tbe liquid monoliydrate and 1600 mols of water. E. Kremann and 
F. Kerschbaum showed that tbe heat developed on mixing sulphuric acid and ’water 
in equimolar parts is probably due to tbe process of soln. and not to tbe formation 
of the hydrate. D, P, Konowaloff gave 0*05949 Cals, per gram H2SO4.H2O for 
tbe beat developed when tbe monobydrate is diluted to H2SO4.5H2O ; and 
L. Pfaundler gave Q Cals, for tbe beat of dilution of a mol of H2SO4.H2O with 
n mols of water 

n . . 1 2 a 4 5 CO 

Q . . 3*305 4-815 6*077 6-966 7*680 10*921 


For tbe beat of soln. of the dibydrate, H2SO4.2H2O, with one mol of water, 1-510 
Cals. ; with 2 mols, 2-772 Cals. ; with 3 mols, 3*661 Cals. ; with 4 mols, 4-376 Gals. ; 
and with an indefinitely large amount 7-617 Cals. For tbe beat of soln. of tbe 
tribydrate, H2SO4.3H2O, with one mol of water, 1-262 Cals. ; with 2 mols, 2-157 
Cals. ; with 3 mols, 2-866 Cals. ; and with an indefinitely large amount, 6-106 Cals. 
M. Bertbelot gave for tbe beat of soln. of a mol of small proportions of water H2SO4 
with n mols of H2O, 7-5 Cals, for ^^=:0-05 ; 7*25 Cals, for ?2-=0-10 ; 7-07 Cals, for 
n=0*15 ; and 6*93 Cals, for n=0-20, J. Thomsen found that the minimum beat 
is developed on mixing tbe acid with an amount of water equal to that already 
present. Fox S03.wH20+nH20 : 

n . 20 30 40 50 60 100 200 400 800 

Q . 0*389 0*236 0*193 0-174 0*202 0-206 0-248 0-328 0-216 


According to L, Pfaundler, the beat of soln. of H2S04.7iH20 with an excess of 
water is : 


n . 0 0-5 1 1-5 2 2-5 3 4 5 6 

Q . 17-754 13*984 10*921 9-133 7-617 6-729 6*106 4-844 3-955 3-24j 


He also observed that when H2SO4.4H2O is mixed with 

H2O 2H2O cjoHaO H2SO4 

Q , 0-889 1*603 4-844 7-365 

and when H2SO4.5H2O is mixed with 

00H2O H2SO4 

Q . . 0-714 3-955 8*252 


2*308 


H,S04.H.O 

2*664 


H2S04,SEC2^ 

0*248 


H«S04.3H20 

“0*373 


S. M. Naude measiiied tlie heats of dilution of sulphuric acid; J. Thomsen, 
M. Berthelot, and T. A. Favre and C. A. Valson, the heats of soln. of various 
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sulphates in water ; and D. D. Karve, the heat of soln. of sulphuric acid in aq. 
and non-aq. solvents. 

J. B. Richter observed that a mixture of equal parts of cone, sulphuric acid 
and snow evolves heat, but no change of temp, occurs with a 4 : 5 mixture, and with 
a larger proportion of snow, intense cold is produced by the freezing mixture. 
L. Pfaundler mixed sulphuric acid — ^H2S04+2*874H20 or 66-19 percent. H2SO4 — 
with snow, so that a kilogram of the mixture, made at 0°, contained p per cent, 
of the given acid, and found that the temp, fell to 9i, and when all the snow had 
melted, it rose to ^2°, whereby Q Cals, of 'heat were absorbed : 


47-7 

39-1 

31-0 

23-9 

18-8 

14-3 

9*9 

7-0 

37 ° 

- 34 ° 

- 31 ° 

- 28 ° 

1 

0 

— 22 ° 

- 19 ° 

- 16 ° 

37 ° 

- 21 - 5 ° 

- 14 - 5 ° 

- 9 - 5 ° 

- 7 - 0 ° 

- 3 - 9 ° 

- 2 * 8 ° 

- 2*1 

0 

18*4 

33-2 

43-0 

51-3 

58-2 

69-3 

68-6 


According to M. Berthelot, a mixture of a mol of H2SO4 with 18 mols of H2O as 
snow at 0° absorbs 8-5 Cals, and lowers the temp, to —28*7°. A mixture of 3 parts 
of snow with one of liquid H2SO4 mixed with one-fifth of its weight of water lowers 
the temp, to —32-5°, and if the constituents he first cooled to —T, the temp, drops 
to —51°, He also found that the heat absorbed (—18-03 Cals.) when the mono- 
hydrate, H2SO4.H2O, is mixed with snow is a resultant of the fusion of a mol of the 
monohydrate (—3-68 Cals.), the fusion of 17 mols of HoO ( — 24*31 Cals.), and the 
union of a mol of the monohydrate with 17 mols of water (9*960 Cals.). Starting 
from 0°, the temp, drops to —52-6° ; and for each degree below 0° at the start, the 
quantity of heat absorbed increases by yto- J- I- Pierre and E. Puchot observed 
that by mixing 3 parts of the crystalline monohydrate with 8 parts of snow or 
pulverized ice, the temp, falls to —26-2°, and with the liquid acid, to —19*5°. 
I. A. Bachman found that 100 c.c. of a mixture of sulphuric and nitric acids with 
340 grms. of snow or pulverized ice lowers the temp. 30°-32°. 

Eor the heat of neutralization of a mol of lithium hydroxide with JH2SO4, 
R. Varet gave 15-654 Cals. ; M. Berthelot gave for sodium hydroxide, 15*69-15*87 
Cals. ; potassium hydroxide, 15*645-15*7 Cals. ; ammonium hydroxide, 14-075- 
14-5 Cals. ; E. Petersen gave for thallium hydroxide, 15-65 Cals. ; M. Berthelot 
for calcium hydroxide, 15*57 “Cals. ; strontium hydroxide, 15-355 Cals.; barium 
hydroxide, 18-45 Cals. ; magnesium hydroxide, 15*1-15*61 Cals. ; zinc hydroxide, 
11*7-11*705 Cals. ; cadmium hydroxide, 11*91 Cals. ; manganese hydroxide, 
13*24-13*5 Cals. ; ferrous hydroxide, 12*46 Cals. ; cobalt hydroxide, 12*336 Cals. ; 
nickel hydroxide, 13*055 Cals. ; cupric hydroxide, 9*22 Cals. ; cupric oxide, 9*40 
Cals. ; silver oxide, 7*245 Cals. ; lead monoxide, 11*69 Cals. ; aluminium hydroxide, 
10*495-10*57 Cals. ; chromic hydroxide, 8*22 Cals. ; and ferric hydroxide, 5*64- 
5*70 Cals. ; B. Varet gave for mercurous oxide, 5*9 Cals. ; and for mercuric oxide, 
1*3 Cals. ; and J. Aloy gave for uranyl hydroxide, |U02(0H)2, 4*75 Cals. Eor 
mixtures of a mol of sulphuric acid in aq. soln. and 1, 2, and 4 mols of NaOH in 
aq. soln., M. Berthelot gave 14*754, 31*378, and 31*365 Cals, respectively; for 

1 and 2 mols of KOH in aq. soln., 14-7 and 31*4 Cals, respectively ; and for 1 and 

2 mols of ammonium hydroxide in aq. soln., 13*6 and 29*05 Cals, respectively. 
P. Dutoit and E. Grrobet measured the rise of temp, during the progressive neutrali- 
zation of bases with sulphuric acid with the idea of detecting the formation of basic 
salts, etc. J. W. McBavid measured the heat developed on mixing sulphuric acid, 
nitric acid, and water. 

B, Powell first measured the refractive index of soln. of sulphuric acid and 
obtained /i=l *835 for an acid approximating 94*5 per cent. H2SO4. Y. S. M. van 
der Willigen observed that the index of refraction of sulphuric acid increases with 
the addition of water until a maximum is attained with H2SO4.H2O. The results 
showed that the mixture formula : (100— p){/x2 — l)/d+jp(^i^ — 1) — 1)/<22 j 
where f denotes the percentage amount of sulphuric add, and p, jui, and and d, 
di, and denote the refractive indices and sp. gr. of sulphuric acid, water, and the 
mixture respectively, is not applicable. For dil. soln. the empirical formula 
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can be used. The coefficients of the standard dispersion formula 
show a marked change at about 72 per cent. H 2 SO 4 . The data 
were recalculated by the Eaiserlichen Normal-Eichungs Commission, and by 
S. U. Pickering. The latter said that breaks in the curve occur corresponding with 
the hydrates 84-5 per cent. H 0 SO 4 , or H 2 SO 4 HoO ; H 2 SO 4 . 4 H 2 O with 57 *7 per 
cent. H 2 SO 4 , or with 24—30 per cent. H 2 SO 4 . C. Eery reported breaks corre- 
sponding with the hydrates H 2 SO 4 ; H 20 =l : 4 , 1 : 2, 1 ; IJ, and 1 : 1 . E. Casini 
gave for the index of refraction, /x, of sulphuric acid HoS04.I-Hq 0, and sp. gr. 
1-827, respectively 1437, 1-434, 1-429, and 1-427 for the Hy-, F-, D-, and C-lines 
B. Wagner gave for the D-line at 17 * 5 ‘^ for soln. containing p per cent. H2SO4: 

p .. I 5 10 15 20 25 30 

jz . . 1-33449 1-33912 1-34465 1-34999 1*35513 1-36007 1-36475 

while for more cone, soln., V. E. Hess gave for sulphuric acid : 


P - 
Sp. gr. 

{ <7- line 
D-line 
jP-]ine 


0 

0- 99913 

1- 33184 
1-33364 
1-33775 
1-34100 


19-981 

M3814 

1-35588 

1-35782 

1-36223 

1-36563 


39-757 

1-29359 

1-37959 

1-38169 

1-38632 

1-39002 


59-980 

1-48032 

1-40429 

1-40653 

1-41139 

1-41520 


80-096 

1*69550 

1-42854 

1-43083 

1-43586 

1-43958 


100 

1-84167 

1-42564 

1-43772 

1-43226 

1-43577 


Observations were also made by W. Hallwachs, E. Kohlrausch and co-workers, 
W. Hallwachs, C. Cheneveau, K. Eajans and co-workers, J. Binkhauser, M. le Blanc, 
A. Handl and A. Weiss, H. Kohner and M. L. Gress- 
mann, and H. Becquerel. V. H. Veley and J. J. Manley 
obtained the results indicated in Table XV. V. H. Veley 
and J. J. Manley plot the results to show that the result- 
ing curve can be resolved into half a dozen straight 
lines, but, as they remark, “ the points of discontinuity 
are to some extent ideal, in that an apparently abrupt 
change of events can be resolved into a gradual transition 
stage.” There is a well-defined maximum corresponding 
with H2SO4, and less well-marked points with the hydrates 
H2SO4.H2O, and H2SO4.2H2O. J. L. E. Morgan and 
C. E. Davis found that the indices of refraction observed 
by V. H. Veley and J. J. Manley when plotted, Eig. 94 , 
to show deviations from the mixture law, gave a curve with 
breaks corresponding with the hydrates H2SO4.H2O, and H2SO4.2H2O. G. Eossi 
and A. Marescotti measured the index of refraction of sulphuric acid containing 
colloidal sulphur. 

J. H. Gladstone calculated the molecxilar refraction, R, for soln. with p per cent. 
H2SO4, for the Ha-, T)-, and Hp-Mnes : 



Fig. 94. — Index of II 0 - 
fraetion Deviations of 
Sulphuric Acid from 
the Mixture itule. 


p 


, 98-00 

89-75 

80*05 

71*91 

63-20 

37-20 

21-00 

11-30 

5- 

80 


(Ha- • 

, 22-32 

22-44 

22-49 

22*56 

22-51 

22-73 

22-86 

22-96 

23- 

00 

R 

ji>- , 

. 22-47 

22*65 

22-61 

22-66 

22-65 

22-80 

22-96 

22-94 

22- 

•75 


{Hp- . 

. 22-66 

22-80 

22*87 

22-92 

22-94 

22-20 

22-07 

23-22 

22- 

95 


The refraction equivalents of J, H. Gladstone were calculated from the formula 
(jx— -l)/<i=constant ; but V. H. Veley and J. J. Manley calculated values from the 
(/x2— i)/(pt,2-l-2)(2=constant- They found that with soln. between 3 and 95 per 
cent. H2SO4, the sp. gr. is a complicated function of the concentration, yet the 
factor {fjL^ — l)/(/x2-p2) is a linear function of the density or ’‘‘in other words, the 
ethereal elasticity is in simple direct relation to the density.” W. J. Pope gave 
17-08 for the refraction eq. of the S04“radicle. The subject was discussed by 
J. A. Wasastjerna, and A. Hantzsch and E. Diirigen. C. V. Eaman said that the 
observations on the scattering of light by sulphuric acid indicate that the SO^-ion 
is nearly isotropic, S. Venkateswaran, and C. W. Sweitzer discussed the scattering 
of light ; and J. Moir, the colour of substances in sulphuric acid soln. ; 1 . 1 . Kanonni- 
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koE gave 16*84 for tlie refraction equivalent of the S 04 “radiclc. C. V. Eamaii 
found tRat dust-free sulpliuric acid almost completely polarises tlie scattered light. 

Tabiue XV. — Indices op Rbpeaction por Solution op Sulphuric Acid. 


Per cent. 


Indices of llefraction 


HaSO^ 

j 

D-Une 

K^-iino 

J/y-lme 

0-84: 

1 

1*332805 

1*334664 

1*338807 

1*342029 

1*76 

1*333944 

1*335794 

1*339984 

1*343181 

3*88 

1*336416 

1*338313 

1*343490 

1*345704 

6*1 

1*337896 

1*339855 

1*343964 

1*347326 

9*58 

1*343485 

1*345361 

1*349633 

1*352955 

14-0 

1*349001 

1*350953 

1*355233 

1*358576 

18*31 

1*345322 

1*356297 

1*360653 

1-363939 

22-lG 

1*359194 

1*361248 

1-365698 

1*368854 

25-9 

1*364051 

1*366050 

1*370506 

1-373882 

29-24 

1*368110 

1*370196 

1-374726 

1*378211 

30-86 

1*370161 

1-372280 

1*376830 

1*380248 

34*35 

1*374213 

1-376332 

1*380948 

1-384426 

34*48 

J *379184 

1-381388 

1*386002 

1 *389530 

42-45 

! 1*384119 

1*386350 

1*390090 

1*394507 

46*64 

1*388987 

1*391184 

1*395934 

1*399508 

52*24 

1*396336 

1*398589 

1*403405 

1*406851 

56*22 

1*401655 

1*403907 

1*408767 

1-412274 

59*65 

1*406267 

1*408582 

1*413445 

1*416976 

62*88 

1*410536 

1*412850 

1*417767 

1*421437 

66*44 

1*415487 

1*417822 

1-422782 

1*426462 

69*6 

1*419838 

1*422156 

1-427177 

1*430848 

72-28 

1-423549 

1*425950 

1-430943 

1-434584 

74*86 

1*426858 

1*429185 

1-434234 

1-437933 

76*3 

1*428767 

1*431132 

1-436186 1 

1-439887 

76*69 

1*429030 

1*431388 

1-436494 

1*440167 

78-09 

1*430841 

1*433203 

1*438242 

1-441983 

80-05 ! 

1*432946 

1*435290 

1*440336 

1*444079 

80-43 

1*433230 

1*436628 

1*440668 

1*444380 

81*77 

1*434442 

1*436818 

1*441871 

1-445682 

83*2 

1*435459 

1*437820 

1*442876 

1-446670 

84*56 

1*436051 

1*438403 

1*443417 

1-447071 

85*50 

1*436267 

1-438632 

1*443603 

1-447277 

85*92 

1*436272 

1-438632 

1*443651 

1*447384 

86-37 

1*436246 

1*438591 

1*443570 

1-447324 

87-40 

1*436066 

1-438410 

1*443410 

1-447031 

90*53 

1*434180 

1*436468 

1-441361 

1*449978 

95-33 

1-430862 

1*433061 

1-437836 

1*441402 

97-3 

1-425367 

1*427482 

1-432064 

1-435420 

98-7 

1-419470 

1-421558 

1*426025 

1-429396 

99*3 

1*418387 

1*420450 

1*429845 

1-428206 


J. L. R. Morgan and R. H. Crist found tte extinction coefficient—^ in 
or fe={log {loll)}ld, where d, the depth of the soln., is 2 cms. — ^for light of wave-length 
A in mfx : 

A ... 0*1 0*3 0*5 0*7 0-9 1-1 1*3 1*5 

, r0*05K-soln, . 201 200 199 199 198 198 197 197 

\5-00M-soln. . 221 207 203 200 200 200 200 200 

V. S. M. van der Willigen found that the absorption spectram of sulphuric acid 
attains a maximum with soln. containing 81*41 per cent. H 2 BO 4 , W. N. Hartley 
observed that a normal soln. of the acid, through a column of liquid 200 mm. long, 
exhibits^ a spectrum which is continuous to A''i=4413, and hut slightly enfeebled 
from this point to A~"i=4:555 ; the same soln. in a 100 mm. column transmits a 
spectram which is practically that of water. W, W. Coblentz found that the ultra- 
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r6d transmission spoctrnin of sulpliuric acid, Mg. 95, shows no water bands. The 
opacity of the substance makes it difficult to decide on the SO4 band at 4-5/i ; there 
is a broad shallow band at S-Gp*. The 

bands at 6-2/x and 6-5/x may be due to SO4 ; | /oo — — — — — — — 1 — 

they were conspicuous in the many sulphate ~1'^\ ^ — 

soln. which were examined and which also ’I ^0 — 

have a common band at 6-5^. The ultra* ^ ^ VW 

red refection speetnm, Eig. 95, has \|| — r~f~ 

maxima at 8*6^, 9*55/x, 1042/x, and ll*35/x. ’I 

The bands 8*6 /l and 9*55/^ occur both in % § 

hydrated and anhydrous sulphates, and 

are due to the S04-radicle. The 10*4/r | ]~ ’aIaIAI \ 

band is due to SO3. W, W. Coblentz, ^ J I I |~ j 

A. M. Taylor, K. Eolan, and E. Schachen- ^ A=^ r ¥ 6 s /¥ / 2 ^iL 

meier also studied botli ultra-red spectra of ^.-Ultra-red Transmission and 

a number ot sulphates. G. Schaefer and Reflection Spectra of Sulphuric Acid, 

M. Schubert found that the ultra-red ref ec- 


Fia. 95. — Ultra -red Transmission and 
Reflection Spectra of Sulphuric Acid. 


tion spectrum of the sulphates shows two well-developed maxima at about 9/t and 
16 /l. In the case of the isotropic sulphates (alums), the maximum at 9/x appears to 
correspond with a single frequency, although the employment of greater dispersion 
may disclose complex structure. For uniaxial crystals the maxima at both 9/x 
and 16/x show the existence of two characteristic frequencies, corresponding with 
the ordinary and extraordinary rays respectively. In the case of biaxial crystals 
the maximum at 9/x consists of three separate vibrations corresponding with the 
three refractive indices. It is probable that the structure of the maximum at 16/x 
is of the same type. The two selective frequencies which are shown by all the 
sulphates examined are obviously coxmected with the SO4 group. The optical 
properties of the sulphates were studied by A. Arzruni, H. Eeinsch, H. Topsde 
and C. Christiansen, A. E. H. Tutton, C. A. Valson, and G. WyTOubof 
A. M. Taylor, R. G. Dickinson and E. T. Dillon, and S. K. Mukherjee and 
P. N. Sengupta, and P. Pringsheim and M. Yost studied the Raman effect with 
sulphates ; and S. J. Wawiloff and L. A. Tummermann, the photolmninesceiice. 

The magnetic-optic rotatory power was measured by O. Wachsmuth,2o and 
J. Forchheimer. W. H. Perkin found that for soln. with 'p per cent. H2SO4, 
at a temp. 6°, the electromagnetic rotation of the plane of polarization, M, 
amounted to 


p • 

9*179 

47-41 

47*41 

73*00 

93*66 

99*92 

B . 

. 14*7® 

15*6^ 

90*1*^ 

16*9'^ 

15.30 

17*1 

M 

1*921 

1*983 

2*011 

2*114 

2*258 

2*304 


S. U. Pickering said that the results are in accord with the presence of the hydrates 
H2SO4.H2O, and H2SO4.4H2O. W. H. Perkin considered that his results were not 
in accord with the theory of ions, but J. Walker said that there is no contradiction 
if it be assumed that the increased conductivity with rise of temp, is due to the 
increased mobility of the ions. 

A. Kailan 21 examined the effect of radium rays on sulphuric acid ; H. Shiba 
and T. Watanabe, the X-ray difeaction ; and T. Swensson, the change in the 
conductivity, etc., on exposure to light. 

F. Kohlrausch22 measured the electrical conductivity of sulphuric acid in 
aq. soln, at 18°, and his results are indicated in Table XVI. There is a maximum 
in the conductivity curve with 30 per cent. H2SO4 ; below this concentration the 
conductivity decreases as the concentration diminishes, and above this concentra- 
tion, the conductivity slowly decreases as the concentration increases up to 84*6 per 
cent- H2SO4, corresponding with the monohydrate, H2SO4.H2O. The conductivity 
slowly increases as the concentration increases above 84*5 per cent, until 92 per 
cent., above which the conductivity rapidly decreases to that of pure sulphuric acid. 
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Table XVI. — ^The Electbical Conductivities oe Aqueous Solutions of 

SuLPHUBic Acid. 


H 2 S 04 
per cent. 

n X 10 ^ grin. eq. 
per litre 

Sp. gr. 

K mhos 

X 10^. 

Eq. conduct 

Temp, coeff. 
18°-26“ 

5 

1*053 

1*0331 

2085 

198*0 

0*0121 

10 

2*176 

1*0673 

3915 

179*9 

0*0128 

15 

3*376 

1*036 

5432 

160*9 

0*0136 

20 

4*655 

M414 

6527 

140*2 

0*0145 

25 

6*019 

1*1807 

7171 

119*2 

0*0154 

30 

7-469 

1*2207 

7388 

98*9 

0*0162 

35 

9*011 

1*2625 

7243 

80*4 

0-0170 

40 

10*649 

1-3056 

6800 

63*8 

0*0178 

45 

12*376 

1*3508 

6164 

49*7 

0-0186 

60 

14*256 

1*3984 

1 5405 

37*9 

0*0193 

65 

16*248 

1*4487 

: 4576 

28*16 

0*0201 

60 

18*375 

1*5019 

3726 

20-27 

0*0213 

60 

20*177 

1*5577 

2905 

14*40 

0-0230 

70 

23*047 

1*6146 

2152 

9*36 

0*0256 

75 

25*592 

1*6734 

1522 

5*95 

0-0291 

78 

27*18 

— 

1238 

4-55 

0*0323 

80 

28*25 

1*7320 

1105 

3*91 

0*0349 

81 

28*78 

— . 

1055 

3*67 

0*0359 

82 

29*31 

— 

1015 

3*46 

0*0365 

83 

29*84 

— 

989 

3*32 

0*0369 

84 

30*37 



979 

3*225 

0-0369 

85 

30*90 

1*7827 

980 i 

3*172 

0*0365 

86 

31*41 1 

— 

992 

3*161 

0*0357 

87 

31*90 

— 

1010 

3*169 

0*0349 

88 

32*39 

— 

1033 

3*193 

0*0339 

89 

32*87 

— 

1055 

3*212 

0*0330 

90 

33*34 

1*8167 

1075 

3*224 

0*0320 

91 

33*80 

— 

1093 

3*236 

0*0308 

92 

34*26 

— 

1102 

3*220 

0*0295 

93 

34*71 

— 

1096 

3*160 

0*0285 

94 

35*15 

— 

1071 

3*049 

0*0280 

95 

35*98 

1*8368 

1025 

3*881 

0*0279 

96 

35*99 

— 

944 

2*624 

0*0280 

97 

36*38 

1*8390 

800 

2*199 

0*0286 

994 

37*20 

1*8354 

85 

0*228 

0*0400 


7,G6Q 
\ 6,000 
s,ooo\ 

C ^,000 


When sulphur trioxide is added to sulphuric acid there is first an increase in the 

conductivity which attains a maximum and then 
falls rapidly to zero — ^the value for sulphur trioxide. 
The three maxima occur between water and 
H2SO4.H2O, between H2SO4.H2O and H2SO4, and 
between 112^^4 ^^d H2SO4.SO3 ; and the two minima 
at H2SO4.H2O and H2SO4. J. L. R, Morgan and 
C. E. Davis found that when F. Kohlrausch^s data 
are plotted. Fig. 96, with deviations from the mix- 
ture rule, singularities appear in agreement with the 
hydrates 3H2Sq4.H20, and H2SO4.I2H2O. 

E. H. Loomis found the conductivity of a normal 
0 20 ^ 60 80 m 183x10-1 when re- 

PerceM.sMfi/rmc^aol furred to mercury at 4°. R. Knietsch observed that 

QA • 1 n A sulphuxlc ucld containiug p per cent, of free 

Fio. 96, — Eiectncal Conduc- qh +u/ l ^ aA'x • • 

tivity Deviations of Sul- resistance, E ohms, exhibits a mimmum 

phurie Acid from the Mix- with between 14*0 and 16*7 per cent, of free SO3, 
ture Rule. at 25*^ : 



P 

M 


0^34 

6-15 


9-8 

2 - 2 (> 


14-0 16*7 29-5 45-0 

2-15 2*15 4-05 23*4 


60-3 

22*0 


75^0 90*0 

1265 61850 (36°) 
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E. Bouty found for dil. soln. a. maximum with lf2SO4.50()H2O ; and with cone, 
solii. a minima for 2 H 2 SO 4 .H 2 O, and H 2 SO 4 .I 5 H 2 O, and maxima for H 2 S 04 ,H 20 . 
H. Crompton represented E. Kohlrausch's results for the electrical conductivity, 
K, of H 2 S 04 .'uH 2 ^? ^7 — 34396 — 758-97p — 3*878j9^— 0*00205p2 when n ranges 

from ^\t]x to unity ; by ir=--860+617-5p— 13 * 8823 “+ 0 - 0807^3 for 7i=l to n=2 ; 
by if=5321-f"252*9p — 7*38^^-l-0‘044p^ for yi=2 to n=Q ; by K~ — 1456-i-624*58p 
— 14-191p2+0*0866p3 for n=6 to n=2i; and by Z=69*3+386*22j3— l*494p^ 
— 0*1418p^ for m= 24 to '^^=150. For the breaks in the curve for the second 
differential coefficient, drKjdjp^, corresponding vrith H 0 SO 4 .SO 3 , 2 H 0 SO 4 .SO 3 , 
H 2 S 04 ,H 2 S 04 .H 20 , H 2 SO 4 . 6 H 2 O, H 2 S 04 . 2 H 20 ,and H 2 SO 4 .I 5 OH 2 O. W. CfD.Whet- 
ham gave for the conductivity, K, of very dil. soln. with M mof of H 9 SO 4 per litre 
at 18" : 

M . .0 0*042877 0-040100 O-OgUlO 0-032835 O-O3OI44 

K . . 0-051005 0*041075 0-042324 0-045445 O-OalO?? O-O32277 

The eq. conductivity at infinite dilution was found by F. Kohlrausch to be 370 at 0 °. 
Observations on the electrical conductivity were also made by S. Arrhenius, 

E. Lenz, 0. Grotrian, A, Paalzoff, C. Marie and W. A. ISToyos, E. Becker, 
A. Eucken, J. R. Pound, M, Randall and G. hi. Scott, G. Tammann, 

F. Kohlrausch and W. A. Nippolt, H, C. Jones and co-workers, A. A. Koyes and 
co-workers, H. G. Klaassen, S. U. Pickering, W. Ostwald, K. Winkelbiech, 

G. A. Hulett and L. E. Allen, F. L. Hunt, etc. D. M. Lichty gave 0*01041 mho 
for the conductivity of absolute sulphuric acid at 25". R. T. Lattey studied the 
resistance and capacity of a pair of platinum electrodes immersed in a soln. of 
sulphuric acid of maximum conductivity for alternating currents of periodicity 
varying from 25 to 500. F. C. R. Bergius measured the conductivity of soln. of 
many salts in absolute sulphuric acid. The electrical conductivity of soln. of 
various sulphates was measured by A. F. Berggren, J. H. Long, etc. J. H. Long 
also discussed the relation between the electrical conductivity, the heat of soln., 
the velocity of diffusion, and the mol. vol. of sulphate soln. 

F. Kohlrausch’s observations on the effect of tein'pemture on the electrical con- 
ductivity are indicated by the values for the temp, coeff. (dJcjd6)lK in the last 
column of Table XVI. For a normal soln.y E. Kohlrausch and co-workers 
obtained a regular increase in the conductivity as the temp, rose from 0" to 36" : 

0^" 5'’ 10° 15° 20° 25° 30 ' 35° 36° 

K . 0*5184 0*5792 0-6408 0-7028 0-7645 0-8257 0-8860 0-9453 0-9570 

C. Deguisne, 0. Bock, S. U. Pickering, H. Rieckhoff and H. Zahn, and F. Exner 
and G. Goldschmidt also made observations on this subject. A. A. Noyes and 
co-workers obtained the following results for the effect of temp, on the eq, electrical 
conductivity of soln. of sulphuric acid containing G milliequivalents per litre : 


c 

18 ° 

25 ° 

50 ° 

75° 

100 ° 

128 ° 

156 ° 

218 ° 

306 ° 

0*0 . 

383 

(429) 

(591) 

(746) 

093-6 

891 

(1041) 

1176 

1505 

(2030) 

0-2 . 

374*9 

418-5 

566-9 

779-6 

807 

759 

— 

— 

0-5 . 

371-8 

413-7 

553-4 

657-0 

706-3 

696 

644 

586 

— , 

2-0 . 

353-9 

390-8 

501*3 

560-8 

571-0 

551 

536 

563 

637 

10-0 . 

(309) 

(337) 

(406) 

(435) 

(446) 

(460) 

(481) 

533 

— 

12-5 . 

301-3 

327-5 

393*1 

421-9 

434-9 

452 

475 

529 

— 

50-0 . 

253-5 

273-0 

323-4 

356-0 

384*3 

417 

448 

(502) 

— 

80-0 . 

(240) 

(258) 

(306) 

(342) 

(373) 

(408) 

(440) 

(488) 

474 

100-0 . 

233-3 

251-2 

300-3 

336-4 

368-8 

404 

435 

(483) 

— 


The results are plotted in Fig. 97. B. C. Felipe found that the conductivity-temp, 
curve of soln. of sulphuric acid is convex towards the temp, axis at higli cone, 
and concave at low cone. With increasing dilution, the point of inflection is dis- 
placed more and more towards the lower temp. The existence of these points is 
explained hy the antagonistic influence of the temp, on the mobility and on the 
degree of ionization. If the conductivity at each temp, be expressed as a function 
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of the cone., the conductivity maxima appear most sharply defined at high temp. 
Occasionally two maxima are observed. K. Rogoysky and G. Tammann measniS 
the effect of pressure, p atm., on the conductivity of sulphuric acid and found 
the resistance, R ohms, to be : 


cent- H 2 SO 4 
per cent. H 2 SO 4 


( 112 - 00 ) 

(60-12) 


101 

108*70 

58-723 


200 

105-80 

57-470 


300 

103-22 

56-251 


400 498 atm. 

100-81 98-582 

55-059 54-077 




p/ 3-941 per 
■^17-688 per 

The sub] ect was studied by G. Tammann and A. Eohmann. A. de Hemptinne found 
that exposure to X-rays had no influence on the electrical conductivity of suiphuric 

acid. P. Walden observed that electrolytes 
dissolved in sulphuric acid conduct better 
than in aq. soln. J. R. Pound studied the 
conductivity of mixtures of ether and sul- 
phuric acid. W. G. D. Whetham measured 
the effect of impurities on the electrical 
conductivity of sulphuric acid, and found 
that with dil. soln. the conductivity is not 
affected by addition of a trace of potassium 
chloride or hy boiling under diminished 
press., but that it is appreciably diminished 
in presence of a little carbon dioxide, and 
in this case the maximum conductivity is 
reached at a higher concentration. The 
abnormally low conductivity of dil. soln. 
cannot, however, be wholly attributed to 
the presence of carbon dioxide in the water 
used as solvent. S. Arrhenius found that 
the presence of non-electrolytes — like 
alcohols and sugars-— reduces the iomaation ; H. C. Jones, and G. Murray showed 
that sulphuric acid is more strongly ionized by hydrogen dioxide than it is by 
water. I. Kablukoff found that a moi of H2SO4 in v litres of alcohol at 25 ® had 
the mol. conductivities, p : 



/CO'' 200° 300° 

Fig. 97. — Effect of Temperature on 
the Electrical Conductivity of Sul- 
phnrio Aeid, 


t5«w4 


v^S 


Alcohol . 

II . 


10 

59-64 


20 

61-51 


60 

47-66 


80 

53-80 


10 

69-23 


30 

62-43 


50 

46-61 


80 per cent. 
67-28 


The eq. conductivity of soln. of a neutral salt in water approaches a limiting 
value as dilution is increased, and this value corresponds with complete ionization l 

with soln. of^ acids and alkalies, the eq. conductivity, 
with increasing dilution, reaches a maximum at a 
cone, of 0*001-0’002 grm. eq. per litre, and then falls 
rapidly with increasing dilution. The final drop in the 
eq. conductivity at extreme dilutions has been attri- 
bu^d to the interaction between the solute and the 
residual impurities in water. W. C. D. Whetham and 
H. H. Paine showed that carbonic acid alone will 
not account for the phenomenon. H. H. Paine and 
G. T, E. Evans believe the impurity is ammonium 
. . . carbonate. If the water contains an impurity leading 

to an association of ions, then, if a little strong acid be added, some acid is 
^*11 and removed from activity so that the conductivity of the new soln. 
will be less tMn the sum of the constituents taken separately. This will continue 
until all the impmnty is neutralized, and subsequent additions of acid will behave 
normally. Plotting the simple conductivity of the dil. acid after subtracting 







Fig. 98. — Condnetivity- of 
Dilute Sulphuric Aoid, 
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that of the solvent, against the cone., a straight line will he obtained for tie region 
of normal behaviour if the acid be completely ionized. If this straight line be 
produced, it will cut the conductivity axis below the origin at a point Fig. 98 , 
corresponding with the loss of conductivity involved in the association of the ions 
as above described. This agrees with the observations of H. H, Paine and 
G. T. E. Evans for very dil. soln. illustrated in Fig. 98 , where the loss is nearly 
0 * 8 x 10 "® mho. F. Kohlrausch found 2 * 7 x 10 "® mho. This loss oouid never be 
made to disappear by working with pure soln. because of the ionization of water 
itself, and of the recombination of the H'- and OH'-ions on the addition of the 
acid. 

F. Bergius, A. Hollard, M. Wien, and J. Kendall and co-workers studied the 
conductivity of mixtures of sulphuric acid and various sulphates ; K. Fredenhageiij 
mixtures of sulphates and in hydrofluoric acid ; L. Mazza and E. Piccini, mixtures 
of sulphuric and nitric acids ; H. K. Eichardson and F. D. Taylor found that the 
addition of copper sulphate increases the conductivity of sulphuric acid with less 
than 3 grms. £[2804 per 100 c.c. ; if more he present, the conductivity is decreased. 
A. L. Ferguson and W. G. France found that the presence of gelatin reduces the 
conductivity of the acid. E. Kremann and W. Brassert measured the conductivity 
of alcoholic soln. of sulphuric acid ; H. Brintzwinger studied the eflects of hydro- 
philic colloids — e.g. gelatin, gum arabic, salep, and dextrin — on the conductivity 
and H*-ion cone, of 0*01 A- and 0-005W-H2S04. 

J, E. Trevor 23 studied the ionization of sulphuric acid, and H. C. Jones and 
co-workers calculated the degree of ionization, a, from the mol. conductivity, /x, of 
soln. containing M mols of H2SO4 in v litres, at 0®, and from the sp. gr., and mol. 
lowering of the f.p., he calculated values H which were taken to represent the 
number of mols of water in combination with the acid at the concentration in 
question, when =500 : 

V . 100 40 20 10 4 1*334 1*0 0*6667 0*5 

ii . 398*34 353*41 335*56 314*42 296-30 281*53 259*05 234*38 209*28 

a . 0*8200 0*7280 0*6913 0*6478 0*6104 0*5588 0*5337 0*4828 0-43U 

H — — — •— — 2*00 5*00 7*50 9*40 

A. A. Noyes calculated values from the conductivity results indicated above and 
obtained for the percentage ionization, 100a, of aq. soln. of sulphuric acid con- 
taining G milliequivalents per litre : 


0 . 

. IS'^ 

25° 

50^ 

76° 

100° 

128° 

156° 

218° 

0*2 

. 98 

98 

96 

93 

87 

78' 

65 

— 

10*0 

. 81 

79 

69 

68 

60 

44 

4l 

35 

60*0 

. 66 

64 

56 

48 

43 

40 

38 

33 

100 

. 61 

69 

61 

46 

41 

39 

37 

32 


where these numbers may be regarded as the minimum values of a range extending 
6 to 10 units larger. G. N. Lewis and co-workers, and Y. Kato made observations 
on this subject. Sulphuric acid in aq. soln. is less ionized than the corresponding 
potassium salt, and it is resolved into three ions: H2S04v^2H’-pS04", probably 
passing through the intermediate stage H2S04e=^H*-f*HS04', W, Starck said that 
at high concentrations the chief ions are H* and HSO4 , and at low concentrations 
H‘ and SO4'', The proportion of H2SO4 mols. which ionize into H* and HS04'--ions 
probably falls with rising temp. J. A. Muller inferred that in dil. soln. the ions are 
and HSO4', and that these are produced with the evolution of heat ; with soln. 
containing a mol of acid and of potassium sulphate the ions are 2H' and SO4" 
and 2 K' and 804^^ respectively. A. A. Noyes computed that in 0*05Af“Il2S04, 
at 18 ° there are 6 per cent, of H2SO4 mols., 61 per cent, of HS04'-ioBs, 33 per cent, 
of 804"-ions, and 127 per cent, of H* 4 ons. A. A. Noyes and M. A. Stewart calcu- 
lated from the following percentage values from conductivity and f.p. data for 
soln, with M mols of H2SO4 per litre. The last set refers to isohydric soln. 
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Conductivity 


Fi’eezing point . 


0 ^ 


M-acid 


H 2 SO 4 

(0*050 

138 

6 

0*025 

148 

5 

(0*005 

167 

2 

(0*050 

122 

6 

] 0*025 

132 

5 

( 0*005 

159 

2 


HSO 4 ' 

SO/ 

H* 

50 

44 

125 

42 

53 

133 

29 

69 

162 

66 

28 

117 

58 

37 

125 

37 

61 

165 




JH 2 SO 4 

HSO 4 ' 

SO 4 ' 

G 

63 

31 

5 

57 

38 

2 

34 

64 

6 

71 

23 

5 

65 

30 

2 

31 

67 


R. C. Tolman and L. H. Greathouse found the H*-ion cone, of sulphuric acid to be 
108-111, 59-7-62-0, and 31*5-35*6 per cent, respectively for 2N‘-, 0*1 Y-, and 
O-OSY-soln. K. Drucker, and E. Allemann studied this subject. A. A. Noyes and 
M. A. Stewart calculated that a 0*llf-soln. of sodium hydrosulphate at 25° contains 
68 per cent, of Na’-ions, 44 per cent, of H*-ions, 44 per cent, of HS04'-ions, 34 per 
cent, of SO/'-ions, 8 per cent, of NaHS04 mols., 12 per cent, of Na2S04 mols., and 
2 per cent, of H2SO4 mols. J. Holmes and P. J. Sageman inferred, from the contrac- 
tions which occur on mixing soln. of various sulphates and sulphuric acid that the 
mols. of hydrosulphates in aq. soln. have no individual existence, and this is in 
agreement with A. Colson's, and M. Berthelot’s observations on the thermal data 
of the mixtures. M. H. Fischer and M. 0. Hooker found that the electrical resist- 
ance decreases with rise of temp. ; for a given temp., the resistance decreases 
with increasing cone, of H2SO4 until a minimum is attained with 50 c.c. cone, 
sulphuric acid of sp. gr. 1*84 and 200 c.c. of water ; beyond this cone., the resistance 
increases rapidly and a second inflection indicates the presence of an excess of 
sulphur trioxide. The results indicate a change from a soln. of H2SO4 in water 
to a soln. of water in H2SO4. 

The ionization constant was found by I. Traube to be 2*08 for a normal soln. 
R. Kremann and W. Brassert measured the degree of ionization of alcoholic soln. 
of sulphuric acid with M'-H2S04, the addition of water first diminishes and then 
increases the degree of ionization. Abnormal values with soln. containing a small 
proportion of water are attributed to the formation of the hydrate H2SO4.H2O. 
Ionization increases with rise of temp, except with very dil. soln. and of soln. con- 
taining much water it diminishes with rise of temp. The effect is small, and may 
be due to experimental errors. K. Jellinek calculated for the first* ionization con- 
stant, Ki, for H2S04^H*-fHS04', or J5[i[H2S04]=[HS04'][H*], ^i=4xl0-i at 
25° for soln, with a mol of H2SO4 in 2*5 to 747 litres ; and K. Drucker, Ki=2 X 
at 18° for soln. with a mol in 25 litres. M. S. Sherrill and A. A. Noyes gave 0*0115 
for the first ionization constant in terms of the activities at 25°. K. Jellinek 
calculated the second ionization constant, K 2 , for HS04'=H’+S04'^ or 
ir2[H804 ]— [S04][H'], iiL2=l*7 -j-lO^^^ at 25° for soln. with a mol in 2*5 to 747 litres ; 
R. Luther gave ^'2=0*013 ; K. Drucker, at 18°, for soln. with a mol , 

in 25 htres ; J. E. Bnklaar, l*3x 10~2 at 18° for N-soln. ; A. A. Noyes, ^2=1*9 X 10”^, 
at 18° ; and A. A, Noyes and M, A. Stewart, X 10“"^, at 25°, for soln. with a 

mol in 10 to 40 litres. I. M. Kolthoff determined the H'-ion concentration by 
electrometric titration using methyl-orange as indicator, and obtained 
when using tropaeolin 00, 3*2xl0“^2, E. Petersen calculated 
the heat of iouizatioii to he 2*3 Cals, at about 20° for soln. with a mol of H2SO4 
in 3*6 litres ; and for the second stage of the ionization, P. T. Muller and E. Bauer 
gave 5*02 Cals, at 18°-20° ; J. A, Muller gave 1*44 cals, at 14°, 4*21 cals, at 26°, 
and 3*9 cals, at 36° ; and A. A. Noyes, 3575 -h65d cals, between 18° and 158°. 
W. Ostwald calculated for the heat of formation of the S04''4on from its elements, 
107*2 Cals. M. Randall and O. E. Cushman gave for the free energy, F, cals, of 
the reaction 2H‘-j-S04''=H2SO4 at 25°, for soln. of normality N : 

N . 0-049009 0*008999 0*01 0-04 0*065 0*08 0*10 0-20 

F , —9382 —0547 —3702 -1455 —85 702 1645 5272 


Observations on the electrolytic migration of sulphuric acid were made by M. Fata- 
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day, J. F. Daniell, G. Wiedemann, W. Hittorf, E. Boiirgom, O. J. Lodge, and 
A. Schrader ; and A. A. Noyes and Iv. G. Falk calculated 80 for tlie mobility of 
the |-S 04 -ions at 25°, and infinite dilution ; and F. Kohlraiiscb, 68 at 18°. The 
latter also gave for aq. soln. with M mols per litre, at 18° : 

M . . . 0-0001 0-0005 0-001 0-005 0-01 0-05 0-1 

Ionic mobility . 66*6 65 63-8 58-7 55-5 45 40 

W. C. D. Whetliam found that the specific velocity of the SO/''-ioiis is 0*00045 cm. 
per sec. R. Luther said that the mobility of the HSO/-ions is nearly the same 
as half that of the S04"'-ions, being 31-25 at 15°, 38-5 at 18°, and 39 at 25° ; 
K. Drucker gave 39 at 25°. Observations on the transport nunibers were made 
by M. Huybrechts, who found 0*176 at 18° for 0-06 to 0*005M-soln. ; 0. F. Tower, 
who gave 0*1805 for 0*lAf-soln. at 20° and 0*1809 for O-Ollf-soln. at 20° ; A. Eisen- 
stein gave 0*168 for 0*124M-soln. at 18°, and 0-188 for O-OlAf-soln. at 30° ; 
W. C. D. Whetham and H. H. Paine, 0-184 for 0-05M-soln. at 18° ; and A. L. Fer- 
guson and W. G. France, 0-1868 for 0*1 to 0*01M-soln. at 25° ; D. McIntosh, who 
found 0-174 at 18° for 1-0 to 0*001iR-soln. Observations were also made by 
W. Knothe, and A. Kendrick. For soln. with N-gram-equivalents per litre at 
19°, W. Starck gave : 

N , . . 0-06 0-12 0*6 1*1 3*3 7-6 

Transport No. 0*135 0*145 0-163 0*175 0*195 0-215 

W. Bein found for the transport numbers of soln, with 0*05 gram-equivalents of 
H2SO4 at 11°, 33°, and 96°, respectively 0-175, 0*200, and 0-304. W. Nernst 
calculated for the ionization pressure of the S04"-anion, in normal 1*9 volts, and 
for the 2*6 volts. A. L. Ferguson and W.- G. France found that 

the addition of 20 per cent, of gelatin increased the transport number of the sulphate 
ion from 0-187 to 0*685 to 0*1 to 0-01ilf-H.2S04. V. H. Veley and J. J. Manley 
concluded from their observations on the indices of refraction, and J. Domke 
and W. Bein from their observations on the densities, that the substance represented 
by the formula H^S 04 ^ is an ideal compound for it is really a mixture of 7nolecules 
of SO 2 , ctnd H 2 O, and it may also co7itain H. S. Harned and 

R. B. Sturgis calculated the activity coeE. of sulphuric acid from the e.mi. of cells 
Ho 1 M2S04,H2S04 I HgS04 1 Hg, where M2=Mg, K2, or Nao — vide infra, 

J. E. Enklaar measured the electrometric titration curve of sulphuric acid, 
when 10 c.c. W-H2SO4 is diluted to 100 c.c., and titrated with O-lW-NaOH at 18°. 
The H*-ion concentrations, expressed as pB., are plotted as 
ordinates. There is no sign that the acid is dibasic, and 
this recalls H. E. Armstrong and F. P. Worley’s hypothesis 
that the acid is monobasic. J. E. EnMaar interprets the 
result to mean that the ionization is ternary in accord with 
H2S04^2H’-4-S04''. Neutralization is taken to occur when 
P2^=1-6626, or the H’-ion concentration is 2*175 xlO—'^. 

R. Dubrisay studied the progressive neutralization of sul- 
phuric acid with sodium hydroxide and found points of t-, 
inhexion corresponding with sodium hydrosulphate, and ^Titra^n 
normal sodium sulphate. F, Glaser found that by titrating Sulphuric Acid 
10 c.c. of 0-1W-H2S04 with 0*lW-NaOH, methyl and ethyl 

orange as indicators showed neutralization occurred when 9-9 c.c. of alkali had 
been added ; congo red, cochineal, lacmoid, litmus, fluorescein, and phenolacetolin 
with 10 c.c. ; gallein, with 10-05 c.c.; rosolic acid and tropasolin GOO, 10-07 c.c. ; 
and with alizarin, curcuma, phenolphthalein, a-naphthol-benzoin, with 10-10 c.c. 
Again, with 0-01iV-H2S04, and methyl orange as indicator, 9*55 c.c. of O-OlW-NaOH 
alkali were needed ; congo red, 9*75 c.c, ; lacmoid, 9*90 c.c. ; litmus, 10*30 c.c. ; 
and phenolphthalein, 10-70 o.c. I. M. Kolthoff worked with methyl-orange and 
tropasolin as indicators. As emphasized by F. W. Kiister and M. Griiters, this 
VOL. X. 2 E 
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fellows that aolu. standardized witli one indicator are liable to err if used with 
another indicator. 

The relative affimty of sulphuric acid was calculated by W. Ostwald on the 
assumption that that of hydrochloric acid is 100, and he obtained 73*9 at 25° from 
the velocity constant of the hydrolysis of methyl acetate ; 73*2, from the velocity 
constant of the inversion of sugar — J. E. Trevor, and I. Spohx also studied this 
reaction ; 59*4, from the velocity constant of the hydrolysis of acetamide ; 65*1, 
(>5*4, and 59*4 from the electrical conductivities of the acid respectively at 25°, 
65°, and 100° ; and 66 from the partition of the two acids with alkali ; while 
R. Hoepke gave 57-9 from the ejOtect of the acids on the reaction between iodic and 
sulphurous acids ; and I. KablukoR, 59*23~59-64 from the electrical conductivities 
of the acids in alcoholic soln. W. Ostwald examined the efiects of the acids on 
other reactions. H. Colin and A. CRaudun discussed the hydrolysis of sucrose 
by the dil. acid. H. Ercy found that the presence of neutral salts diminishes the 
activity of the acid. S. A. Kay made estimates of the free acid in a mixed soln. of 
sulpjiuric acid and normal alkali sulphate from the effect on the hydrolysis of ethyl 
acetate. J, Thomsen, and W. Ostwald also calculated values from the distribution 
of a base between two acids. The relative affinities of a few acids can be repre- 


sented by 

Sugar in- 

Hydrolysis 

Hydrolysis 

Division 

Electrical 

Cataly 

Acid. 

version. 

methyl acetate. 

acetamide. 

of base. 

conductivity. 

HIO3+ 

Hydrochloric . 

. 100 

300 

100 

98 

100 

100 

Hydrohromic , 

. 105-5 

99-1 

98 

89 

101-1 

— 

Hydriodic 

— 

98-1 

— 

— 

— 

— 

Nitric 

. 100 

95-7 

98 

100 

99-6 

83 

Chloric , 

. 101-8 

97-2 

— 

— 

— 

— 

Sulphuric 

73-2 

73-73 

65-4 

66 

66-1 

58 

Phosphoric 

. 24-9 

— 

— 

26 

7-27 

9 

Arsenic . 

. 21-9 

— 

— 

— 

6-38 

— 


H. S. Harned and R. D. Sturgis, M. Randall and C. T. Langford, M. Randall and 
G. N. Scott, G. N. Lewis and M. Randall, and G, Akerlof measured the activity 
coefficients of sulphuric acid as the sulphates. 

W. Henry, 25 W. Cruickshank, P. L. Simon, and W. Hisinger and J. J. Ber- 
zelius observed that in the electrolysis of cone, sulphuric acid, with a platinum 
anode only a little hydrogen is evolved, the greatest part is consumed by secondary 
reactions in the reduction of the acid to sulphur and a little hydrogen sulphide. 
M. Earaday observed that in the electrolysis of cone, sulphuric acid, oxygen is 
evolved at the anode, and sulphur and hy^ogen are formed at the positive pole ; 
and he was impressed with the fact that “ if the acid be very strong, a remarkable 
disappearance of oxygen took place.’’ C. Luckow, however, showed that the 
results are different with the dil. acid, or with the acid formed during the electrolysis 
of aq. soln. of the sulphates. R. Weber observed that with cone, sulphuric acid, 
some sulphur sesquioxide may be formed, and also blue colloidal sulphur. E. War- 
burg found that in the electrolysis of sulphuric acid mixed with two-thirds its vol. 
of water, the theoretical amount of hydrogen is given off at temp, up to 80°, at 
higher temp, less hydrogen is given off and sulphur is formed. With a higher 
current density, a higher temp, is necessary for this change, and with a lower current 
density a lower temp. By diluting the acid still more, a higher temp, is necessary 
to produce sulphur, and with a mixture of equal vols. of water and the cone, acid, 
hydrogen alone appears at the cathode at all temp. A. Geuther supposed that the 
sulphuric acid is directly decomposed into sulphur, hydrogen, and oxygen, and 
with the less cone, acid, hydrogen and sulphurous acid are formed at the cathode. 
A. Guerout said that the sulphurous acid is broken down by the current into hypo- 
sulphurous acid. W. R. Cousins, and V. Schischkin studied the electrolytic 
oxidation of sulphuric acid ; and A. Klemenc found that the amounts of hydrogen 
and oxygen obtained with n coulumhs were ; 
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iV-H 2 S 04 . 

. 01 

1*0 

2*0 

5*0 

10-0 

16*0 

n coulombs . 

. 658 

640 

718 

721 

810 

803 

Total 0 

. 4-0 

5*2 

8*9 

18*9 

18*2 

11*6 

Hydrogen 

. ill 

115 

121 

145 

140 

124 


TKe oxygen in the first case was obtained as gas ; in the second, partly as gas and 
partly in the electrolyte ; and in the other cases, wholly in the electrolyte — mde 
infra, the persulphnric acids. A. Mazzucchelli and B. Romani discussed tht' 
inSLuence of perchlorate ions on the overvoltage at the anode in the electrolysis of 
sulphuric acid resulting in an increased yield of persulphnric acid. M. Berthelot 
distinguished between sulphur, insoluble in carbon disulphide formed by secondary 
reactions at the cathode, and that deposited on the anode by the electrolysis of 
hydrogen sulphide which might be present in the li(][uid ; he called the former 
electro'positive sulphur, and the latter electronegative sulphur. For the electrolysis 
of dil. sulphnric acid, vide 1 . 3 , 6. M. Berthelot discussed the smallest e.ni.f. needed 
to electrolyze soln. of the metal sulphates ; and J. Vuillermoz, the reversible e.m.f. 

J, W. Clark found that a pressure of 300 atm. is not sufficient to prevent th(‘ 
electrolysis of dil. sulphuric acid when a sealed-tube of sulphuric acid is electrolyzed 
fixed vertically so that a lower electrode is positive and an upper electrode is 
negative, a layer of cone, sulphuric acid forms about the lower electrode and water 
collects about the upper electrode. If the electrodes be reversed, the cone, sul- 
phuric acid forms about the upper electrode, but it is then mixed with the liquid 
by rapid diffusion and by the agitation with the rising bubbles of gas. Nothing 
has been done with J. W. Clark’s suggestion that this “ singular action affords 
a means of concentrating sulphuric acid without boiling.” Z. Stary studied the 
electro-osmosis of sulphuric acid in an electric field of high-tension. A. Coeim 
and R. Schnurmann studied the electric discharge in sulphuric acid. 

According to J. H. Gladstone and A. Tribe, with 98*2 per cent. H2SO4, and a 
sufficient voltage, sulphur slowly forms a film over the platinum cathode. This 
retards the occlusion of hydrogen by the metal, and the hydrogen escapes. They 
observed no sign of the reduction of the sulphuric acid by the hydrogen liberated 
when the film of sulphur has formed on the platinum ; on the other hand, if the 
voltage is weak enough, no hydrogen or sulphur appears at the cathode, but the 
liquid contains sulphur dioxide in soln. This inference was confirmed by their study 
of hydrogenized palladium or platinum on sulphuric acid. They also observed 
that the evolution of oxygen from both electrodes could be detected for several 
days after the circuit had been broken ; and they attributed the phenomenon to 
the slow decomposition of M. Berthelot’s Vacide persulfurique formed during the 
electrolysis of the sulphuric acid. Persulphuric acid, S2O7, said M. Berthelot, is 
formed at the anode during the electrolysis of dil. sulphuric acid, ^ay, at a cone. 
H2SO4 : lOHgO ; if the cone, is H28O4 : 4:H20, hydrogen dioxide is formed, and 
this combines with Vacide persulfurique, forming S2O7.2H2O2, and a large yield of 
this substance is obtained when the cone, of the electrolyte is H2SO4. : 2 to 3H2O. 
With more cone, sulphuric acid, the yield is reduced. H. Marshall prepared per- 
disulphuric acid, H2S2OS, by the electrolysis of alkali sulphates. M. Traube reported 
that in the electrolysis of sulphuric acid, say 40 per cent. H2SO4, the sulphur oxido 
which decomposes potassium iodide is not S2O7, but rather SO4, because the ratio 
of H2SO4 to active oxygen is greater than 2 : 1 being nearer 1:1. He called this 
compound sulphuryl holoxide, because he regarded it as a mol. compound 802*02- 
M. Berthelot, and D. Carnegie showed that M. Traube’s holoxide was probably 
a mixture of perdisulphuric acid and hydrogen dioxide, an explanation which was 
later accepted by M. Traube himself. According to N. Caro, M. Berthelot’s original 
Vacide persulfurique, and M. Traube’s sulphuryl holoxide were probably permono- 
sulphuxic acid, H2SO5. According to A. von Bayer and V. Yilliger, with 20 per 
cent, sulphuric acid, the perdisulphuric acid gradually changes into permono- 
sulphuric acid, but on electrolyzing more cone, acids, the permonosulphuxic acid 
is largely formed during the electrolysis. Consequently, both M. Berthelot, and 
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M. I'raube -were right, since all depends on the -working conditions. F. Richarz 
explained the transport number, and the formation of Vacidc 'jiersiilfiiriqiie by the 
(dectrolysis of sulphuric acid of niedmni concentration — about 50 per cent. H2SO4 — 
by assuming that HS04-ions arc formed. K. Elbs and co-workers suggested that 
in very dil, soln., sulphuric acid is ionized : H2S04:F^2H'+S04'b and that on elec- 
trolysis, the hydrogen is discharged at the cathode, while at the anode, the S04-ion 
Kucts : S04+H20=H2S04+0. On the other hand, sulphuric acid, of sp. gr. 14, 
is ionized : H2S04-^— H‘ -I-HSO4', and on electrolysis the hydrogen is discharged at 
the cathode, and the two HS04'-mns are doubled to form perdisulphuric acid : 
2HS04=H2S203. Y. Kurilof! observed the formation of both hydrogen dioxide 
and Vacide persulfimque according to the conditions. The latter appears first 
when 10 per cent, of H2SO4 is present ; and hydrogen dioxide with 3 to 47 per cent. 
H2SO4. E. Bouty said that a molecule of the type H2SO4.H2O should split up into 
liydrogen, sulphur trioxkle, and hydrogen dioxide. As a matter of fact, hydrogen 
dioxich^ is a normal product of the electrolysis of acid of this strength. According 
to F. Richarz, the maximum amount of hydrogen dioxide is obtained when the 
acid has the composition H2S04-f 1*347H20. With acid below 60 ]per cent., very 
little hydrogen dioxide is formed, but persulphuric acid and ozone are produced in 
considerable quantities. It may be assumed that the apparent limit at 
H2SO4+5H2O or 6H2O really corresponds with the complete disappearance of 
hydrogen dioxide from the products of electrolysis, or, in other words, with the 
complete destruction of molecules of the type H2S04,H20, whilst the limit at 
^2804+151-120 corresponds with the complete disappearance of persulphuric acid 
from the products, or with the destruction of the unknown hydrate intermediate 
lietween the monohydrate and that which exists in very dil. soln. 

M. Berthelot found that besides Vacide persulfurique, sulphuric acid of sp. gr. 

1 4, when electrolyzed with a thin platinum wire sealed into a glass tube, furnished 
oxygen containing about 0*5 per cent, of ozone. The formation of ozone by the 
electrolysis of dil. sulphuric acid was observed by C. F. Schonbein, J. C. G. de 
Mariguac, A. W. Williamson, H. Meidinger, F. M. Baiimert, T. Andrews, J. TyndaU, 
L. Soret, B. C. Brodie, J. W. Clark, H. Hofmann, E. Schone, L. Carius, H. McLeod, 
etc. 

For J. Meyer and A. Pawletta’s observations on mixtures of sulphuric . and 
])hosphoric acid, vide phosphoric acid. H. Hofmann electrolyzed 98*3 per cent, 
sulxihuric acid — sp. gr. 1*841 at 18°/4° — at various temp, by currents of various 
strengths. He found that at 50"^, independently of the current strength, hydrogen, 
hydrogen sulphide, and sulphur are produced on the cathode, whilst at higher temp, 
sulphur dioxide and sulphur are produced, and in the neighbourhood of 300° only 
sulphur is obtained. Oxygen is liberated from the anode at these temp. At 
200°, the oxygen is mixed with sulphur dioxide, produced from sulphur which has 
diffused from the cathode chamber, and has been oxidized by the hot sulphuric 
acid and the nascent oxygen. From 280° upward, sulphur dioxide and oxygen 
are liberated in quantities corresponding with Faraday’s law. The gas element 
SOo 1 O2, in consequence of incomplete charging of the electrodes, does not furnish 
the expected e.m.f., and also the velocity of reaction of the gases is too small for 
the production of large quantities of current. The decomposition voltage oi hot, 
cone, sulphuric acid lies near to that of water, that is, higher than the calculated 
and observed values of the potential difference of the gas element. From this 
it follows that the primary products of electrolysis are hydrogen and oxygen whilst 
sulphur dioxide is a secondary product — vide 1 . 14, 2. 

K. Elbs showed that if the sulphuric acid has iron in soln., less electrolytic gas 
is produced than corresponds with Faraday’s law. with acid of sp. gr. 1*175 con- 
taining one per cent, of iron, 97*4 per cent, of the theoretical yield is obtained. 
According to J. A. Muller, in the electrolysis of a mol. soln. of sulphuric acid in a 
porous pot, as cathode chamber, immersed in a vessel containing a mol. soln. of 
potassium hydroxide, the hydrogen liberated is in excess of the hydrogen eq. 
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of tlie potassium wLicli has travelled to the cathode, aud of the sulphate which 
has passed to the anode. This is attributed to the partial ionization of the potas- 
sium hydroxide to H‘- and OK'-ions. If the alkali hydroxide solii. be replaced by 
hydrochloric acid, an excess of hydrogen is again obtained. This is attributed to 
the formation of oxygenated chlorine compounds. If the alkali hydroxide be 
replaced by gold chloride, hydrogen is given off at the cathode, and slightly ionized 
oxygen at the anode. Ho gold is deposited. F. Richarz observed that in the 
electrolysis of dil. sulphuric acid, with a rising strength of current, when a potential 
difference of 1*08 volts is attained, there is not only a sudden rise in the strength 
of the current, as observed by H. von Helmholtz, but hydrogen dioxide is formed 
at the cathode by the reduction of dissolved neutral oxygen. F. Richarz and 
C. Lonnes observed that hydrogen dioxide is not produced when platinum and gold 
electrodes arc used although they contain occluded hydrogen, but convection 
currents may result in the formation of hydrogen dioxide, hut the quantity pro- 
duced is not sufficient to account for the current, and it is in no way proportional 
to the current strength. F. H. Jeffery found that when sulphuric acid is electro- 
lyzed with a gold anode a little gold passes into soln. and a complex salt is formed 
with gold in the anion. E. Elsasser found that hydrogen is developed at both 
electrodes when dil. sulphuric acid is electrolyzed with a magneshim anode and a 
platinum cathode ; and with very dil. acid, twice as much hydrogen is given off 
from the platinum electrode. H. Highton said that if the acid he electrolyzed 
with a zinc anode and carbon cathode, hydrogen sulphide is formed at the anode, 
but W. Skey attributed the hydrogen sulphide to the presence of sulphides in 
the carbon or to hydrogen sulphide adsorbed from the atmosphere. A. Bartoli 
and Gr. Papasogli observed that in the electrolysis of sulphuric acid with a carbon 
anode, besides carbon monoxide and dioxide, there is formed black mellogen, 
(Ci 4 H 204 )„, together with traces of henzocarhoxylic acids produced by the oxida- 
tion of mellogen ; with a graphite electrode, graphitie acid, {Ci^I£o 04 )n, is formed. 
F. Haber electrolyzed heated sulphuric acid in vacuo, with the cathode suspended 
a few mm. above the liquid, using a voltage of 600, and found more hydrogen is 
produced than corresponds with Faraday’s law — permonosulphuric and perdi- 
sulphurio acids were formed in the liquid, and more of these substances were formed 
when the anode was suspended above the liquid. The peld of active oxygen — 
hydrogen dioxide and the two persulphuric acids — ^increases with the cone, of the 
acid up to 45 per cent. H 2 SO 4 ; it then falls off until, with 75 per cent. H 2 SO 4 , none 
is produced. If oxygen at a press, of 131 mm. is contained in the chamber, there 
is also a drop in the yield of active oxygen. It is inferred that at the electrode a 
strong oxidizing product is formed from the water ; this is taken up by the liquid, 
and it is sufficiently stable to oxidize the sulphuric acid, forming hydrogen dioxide, 
and the two persulphuric acids. 

J. Tafel and B. Bmmert observed that when dil. sulphuric acid is electrolyzed 
with a platinum anode, the current density at that electrode being comparatively 
low, chemically recognizable quantities of platinum are dissolved. These small 
quantities of platinum suffice to account for the observed depressions of thr cathode 
potential. The sensitiveness of different cathode metals varies considerably ; ^ in 
the case of a silver cathode, 0*00001 mg. of platinum is able to produce the depression 
of the potential for a cathode surface of 10 sq. cms. The effect is produced by 
the precipitation of the platinum on the cathode, hut even then it may remain 
latent. The action of the platinum is apparently not to convert the cathode 
into a platinum cathode, hut to assist catalytically some chemical change of the 
cathode surface. The action of gold on the cathode potential of other metals is 
insignificant compared with that of platinum. J. Yiolle and M. Chassagny observed 
that if a positive electrode consisting of a platinum wire 4*5 mm. in diameter is 
plunged to a considerable depth in water containing 10 per cent, of snlphuric acid, 
and a negative electrode consisting of a platinum wire 1*5 mm. in diameter is 
gradually immersed in the liquid, then, if the difference of potential between the 
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two electrodes is not less than 32 volts, there is seen round the negative electrode a 
luminous sheath which separates it from the liquid and in which alone the evolution 
of hydrogen takes place. This sheath offers a very high resistance, which gradually 
diminishes as the length of wire immersed increases and falls very suddenly at the 
moment when the luminous sheath disappears and gives place to a train of bubbles 
of hydrogen. The length of the luminous sheath increases with the electromotive 
force, and the quantity of energy used up in the electrolytic cell is proportional to 
the length of the luminous sheath which the particular current can produce. The 
luminosity is not continuous, and at first it consists only of points of orange light 
at the extremity of the electrode, hut these become violet in colour and extend over 
the whole of the submerged wire. The electrodes become very hot, and if the 
circuit is broken the luminosity does not disappear immediately, and there is a 
hissing sound when the water comes in contact with the hot wire. The displacement 
of the luminous sheath by a train of bubbles of gas, which takes place when the 
electrode is immersed to a certain depth, is accompanied by a kind of explosion. 
IJ. Pomilio reduced some unseturated aliphatic acids by the electrolyses of alcoholic 
soln. in the presence of sulphuric acid ; and he found that dil. soln. of sulphuric acid 
in alcohol are reduced by electrolytic hydrogen liberated from a nickel or 
lead cathode, sulphur and hydrogen sulphide occurring among the products of the 
reduction. On the other hand, ethyl alcohol acidified with hydrochloric acid is not 
appreciably attacked hy cathodic hydrogen under widely varied conditions. 

H, Jahn26 determined the e.m.f, of the polarization produced with soln. of 
sulphuric acid, and compared it with the e.m.f. produced with different pairs of salt 
soln. so as to get an idea of the magnitude of the secondary heat effect as distinct 
from that due to electrical resistance. The e.m.f of the polarization between 
platinum electrodes is 2-388 volt. The total heat effect is 0-11007 Cal., and the 
calculated secondary heat effect is 0-04171 Cal. Th^se numbers are in agreement 
with the observed heat effects. J. B. Westhaver found that anodes of iridium, 
platinum, and rhodium behave differently in O-IN-H2SO4. When the current 
density is high, iridium is the least polarizable, followed by rhodium; at low 
values of the current density, platinum is less easily polarized than iridium. A 
considerable interval elapses before the stationary condition of affairs is reached. 
When the logarithm of the current is plotted against the electrode potential, curves 
are obtained for the various kinds of platinum and iridium electrodes, which all 
exhibit a break at 1-45 volts. Electrodes of iridium black, on account of their small 
polarization, are suitable for determinations of conductivity with alternating 
current and a telephone. According to E, Bouty, the e.m.f. of polarization of 
platinum electrodes is 1-2 to 1-3 volts with the strongest acid, but this gradually 
diminishes with dilution until it is only 0-7 to 0-8 volt when the composition is 
H2S04,H20. It retains this value until the composition of the liquid becomes 
H2S044-bH20 or 6H2O, and at this point it rises suddenly to 1-4 volts, but after- 
wards gradually although very slowly diminishes. The polarization effect was also 
studied by J. Tafel using dil. sulphuric acid, a platinum anode, and cathodes 
of various metals. The cathode potential, B, is related with the current density, 1, 
by B=a-+h log /, where a and 6 are constants for a given temp. The potentials 
all decrease as the temp, rises, hut with mercury h increases with rise of temp. ^ The 
applicability of the formula may he masked by secondary changes. The primary 
i^uence of the cathode surface, so far as its mechanical properties are concerned, 
appears to be comparatively slight; for example, polished and prepared lead 
electrodes have approximately the same polarization values. But the cathode process 
itself effects mechanical and chemical changes at the surface of the cathode, and 
these changes influence the potential values so that the latter are more or less 
dependent on the previous history of the cathode. Some metals (lead, cadimum, 
silver, and copper) exhibit two distinct polarization states when the anode liquid 
has access to the cathode, a state of ‘‘ elevation ’’ and a state of depression.’^ 
The change from the one to the other takes place during electrolysis, and often 
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occurs suddenly — mde. supra. Ttie potential at all the cathodes (those of platinizetl 
platinum and meicuxy excepted) changes slowly during electrolysis. When thf‘ 
cathode is protected from the anode liquid, lead, cadmium, tin, and bismuth all 
reach a polarization maximum within a short time, up to half an hour in the last 
two cases. With copper, nickel, gold, and bright platinum, the cathode potential 
for a given current density goes on increasing for hours, and with platinum no 
maximum value can be reached at all. J. Tafel said that the observed data are 
rather opposed to the view of varying polarization as due to the varying thickness 
of a gaseous layer on the electrode, and he regards the cathode surface as having in 
different cases a different catalytic effect on the process of formation of hydrogen 
gas. E. E. Zimmerman studied the effect of temp, on the polarization capacity of 
gold and platinum electrodes in sulphuric acid of different concentrations ; 
3). Reichinstein and W. von Reyter, W. M. Pierce, L. J. P. Byrne, and I. Wolff 
also investigated this subject. S. Glasstone studied the anodic overvoltages of 
lead, iron, nickel, and platinum in W-H2SO4 — vide the overvoltage of hydrogen, 
1. 7, 8. According to A. A. lJ7oyes, the contra-electromotive force of sulphuric^aeki 
at 20° is 1*68 volts, and diminishes at first inversely as the absolute temp. Between 
60° and 120°, it diminishes more rapidly, and above the latter temp, remains 
practically constant. This may be due to a difference in the mode of ionization 
which is at first into H~f-HS04 — and then 2H-1- and SO4 — . S. Glasstone measured 
the cathodic and anodic overvoltages of a number of metals in iV-H2S04. 

<j. Tammann studied the electrolysis of sulphuric acid. According to B. G. Cobb, 
in the electrolysis of cone, sulphuric acid with aluminium electrodes and a current 
of 200 volts through an external resistance of 300 ohms, the resistance is at first 
almost zero, but soon rises so that in half a minute only 0*021 amp. of current was 
passing. The resistance is due to a non-conducting film of hydrogen, forming on the 
metal. The evolution of gas from the anode is accompanied by vigorous sparking, 
which becomes more marked with increasing amperage. The liquid gradually 
becomes turbid owing to the separation of a basic aluminium sulphate. If a dry 
glass rod be caused to touch the top of the anode during electrolysis, an arc is pro- 
duced under the liquid between the aluminium plate and the glass rod held in the 
hand. If the cathode be an aluminium plate, and the anode a stout aluminium wire 
wound round with glass-wool, on passing the current, an arc starts between the anode 
and the glass-wool beneath the surface. With copper electrodes the sparks are red ; 
with silver or platinum there is no sparking. According to S. Marsh, in the 
electrolysis of sulphuric acid by an alternating current, and with electrodes of 
platinum foil, the amount of evolution’ of gas decreases rapidly with time, and 
eventually no more gas is evolved. The amount evolved decreases with increasing 
frequency of the current ; when thin platinum electrodes were used, the amount was 
leas, but no simple relationship between the volume of gas evolved and the thickness 
of the electrode was observed. The time-volume curves resemble the saturation 
curves obtained in radioactive measurements. With gold electrodes, the rate of 
evolution of gas falls off rapidly with time, but for frequencies less than 48, gas is 
still given off at the electrodes for a much longer time than with platinum, and the 
total vol. of gas are considerably smaller than in the case of platinum. In the case 
of nickel electrodes, a copious evolution of hydrogen occurred for twenty minutes, 
beyond which the experiment could not be continued, owing to soln. of the electrode. 

F. Streintz measured the contact electromotive force between the metals 
and soln. of their sulphates. S. Pagliani said that mere contact of a soln. of copper 
sulphate with a sola, of a sulphate of potassium, sodium, lithium, magnesium, 
cadmium, or zinc produces a current which flows from the sulphate soln. to the soln. 
of copper sulphate ; and with suitable concentrations, a current passes from a 
soln. of sulphate of potassium, sodium, lithium, magnesium, nickel, iron, manganese, 
cadmium, zinc, copper, cobalt, and aluminium to the, soln. of the next sulphate* 
in the series. The constant e.m.f. of sulphate soln. with cone, sulphuric acici 
decreases with increasing cone, of the acid ; and with dil. sulphuric acid, the e.m.f* 
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increases with increasing cone, of the sulphate soln. J. A, Crowther and 
R. J. Stephenson measured the contact resistance between sulphuric acid and 
a polarizable electrode immersed therein. H. S. Harned and R. D. Sturgis measured 
the electromotive force of cells of the type H2 1 M2S04,H2S04 1 Hg2S04 1 Hg, where 
M represents Na or K ; and H2 | MgS04,H2S04 1 Hg2S04 | Hg ; and G. AJrerlof, 
the e.m.f . of cells H2 [ H2S04,M2S04 [ Hg2S04 with different concentrations of acid and 
of M2SO4 represented by lithium or sodium sulphate. D. E. Smith and J. E. Mayer 
studied the e.mi. of cells of the type : H2(Pt) | H2S04+lIC-bH2S04+HI+l2 | Pt ; 
and also concentration cells of sulphuric acid. Referring back to the reduction 
potentials of sulphur, hydrogen sulphide, and sulphur dioxide, sulphuric acid should, 
from the equilibrium standpoint, be capable of reduction to sulphur and hydrogen 
sulphide by very mild reducing agents, the fact that this does not occur in practice 
is doubtless due to marked passivity or slow reactivity of the sulphate ion. Any 
reducing agent strong enough to reduce sulphuric acid to sulphurous acid should be 
capable of reducing it completely to hydrogen sulphide, thus showing that it is 
impossible to realize stable equilibrium conditions between these two acids at 25 °. 
Sulphuric or sulphurous acid may, however, be reduced to sulphur, without produc- 
ing hydrogen sulphide ; but the formation of the latter is favoured by large H*- 
concentration. A. Oberbeck and J. Edler measured the e.m.f. of amalgams of 
zinc, cadmium, tin, lead, and bismuth against mercury in dil. sulphuric acid and 
in various salt soln. The metals follow this order in the magnitude of the e.mi. 
G. Gore observed that the thermoelectric force between sulphuric acid and a mercury 
electrode increases with the cone, of the acid until with soln. containing one of acid 
to 39 of water the e.m.f. begins to increase, and with a concentration 1 : 19 , it 
again increases. L. G. Gouy studied the relation between the height, h, of a column 
of mercury balanced by electrocapillaiy forces and the difference of potential, E, 
between the mercury and soln. of sulphuric acid of different cone. The values of 
h decrease with concentration ; d^JijdE^ is always negative, so that the curve has 
no point of inflexion, and does not tend to any limiting value. T. Svensson, and 
J. Lifsebitz and S. B. Hooghoudt studied the photoelectric effect, or change in 
potential of an electrode in sulphuric acid when illuminated — ^the Becquerel effect. 

According to J. Blake, no convection of electricity occurs during the evaporation 
of the charged acid. R. Sabine observed that when drops of dil. sulphuric acid are 
placed on the clean surface of amalgams of lead, tin, antimony, zinc, or copper, the 
drops are seen to move about with a more or less jerky motion, the area of the drops 
undergoing successive irregular contractions and expansions. He explains the 
phenomenon as being due to alternate oxidation by the air outside the drop, and 
deoxidation by electrolysis in the interior of the drop, of a portion of the surface 
of the amalgam. When the metal amalgamated with mercury is specifically 
lighter than that metal, the surface of the amalgam consists of mercury in which 
float innumerable particles of the foreign metal. When the drop of acid comes 
into contact with such a surface, currents are generated, through the acid, between 
the mercury and foreign metal. If the foreign metal be positive to mercury, the 
latter is deoxidized underneath the drop and therefore cleaned : the adhesion 
between the drop and this clean surface is less than that between the drop and the 
original surface, the drop therefore contracts, and in so doing exposes a clean 
surface of mercury to the air ; this again becomes superficially oxidized, whereupon 
the original state of matters is restored. S. Wosnessensky measured the potential 
difference at the surface of contact of sulphuric acid with a non-aq. solvent with 
normal calomel electrodes. 

E. Walden said that the dielectric constant of cone, sulphuric acid is over 
84 for ^= 73 x 10 ^ cm. With mixtures of sulphuric acid and water, R. Weber 
observed no relatidn Between the conductivity and the dielectric constant, which 
ranges from 39 to 47 * 9 . J. Dewar and J. A. Fleming found that the dielectric 
constant is a function of the frequency and temp., lowering the temp., and reducing 
frequency reduce the dielectric constant. G. Akerlof studied the dielectric 
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constants of snlpliiiric acid in the formula for the relation between the dielectric 
constants of a mediiiio and the solubility of electrolytes. J. Klonigsberger gave 
—2*76 X 1 for the magnetic susceptibility at 22° : and G-. Quincke, — 0-80 X 
at 19°. G-. Jager and S Clever studied the magnetization of soln. of the sulphates 

of mang^ese iron, cobalt, and nickel. 
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§ 31. The Chemical Properties of Sulphuric Acid 

According to W. Vaubel,i a number of the reactions of sulphuric acid depend on 
the hydrates which are present in the soln., rather than on the degree of electrolytic 
ionization. Amongst these are the green coloration with phenykosinduline at 
cone, below 95*2 per cent., the formation of hydrogen sulphide from sodium thio- 
sulphate at cone, above Si’l per cent., and the series of colours produced at difierent 
cone, in safranine solutions. Estimates of the affinity of sulphuric acid have been 
previously considered. J. Eiedler said that sulphuric acid is decomposed^ giving 
off oxygen when exposed to light, hut this lacks confirmation. 

A. Christoff measured the solubility of hydrogen (q.v.) in sulphuric acid ; and 
J. A. Wanklyn and W. J. Cooper, in mixtures of nitric and sulphuric acids. Accord- 
ing to A. F. de Fouxeroy, when the vapour of sulphuric acid mixed with hydrogen 
is passed through a red-hot tube^ water and sulphurous or sulphuric acid or hydrogen 
sulphide are formed according to the proportion of hydrogen present ; A. Vila also 
observed that when sulphuric acid vapour mixed with hydrogen is passed over 
silica heated to 700'^-900®5 quantitative reduction to hydrogen sulphide occurs. 
According to S. Cooke, cone, sulphuric acid is not reduced by hydrogen at ordinary 
temp., but if finely divided platinum be present, the hydrogen slowly contracts, 
and sulphur dioxide is formed. J. Mlbauer said that sulphur dioxide is formed 
when impure hydrogen is bubbled through sulphuric acid, but not so with purified 
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hydrogen. F. Jones, however, said that if hydrogen be left in contact with sulphuric 
acid for a few days at ordinary temp., the vol. of gas gradually contracts owing to 
the reduction of the sulphuric acid to sulphur dioxide. C. J. Warner found that 
the reduction of sulphuric acid by hydrogen begins at 160*^, and sulphur dioxide is 
formed. B. H. Adie gave 170^^, and observed no sign of hydrogen sulphide. 
According to M. Berthclot, a slow current of hydrogen can be passed for an hour 
through cone, sulphuric acid at the ordinary temp, without any appreciable pro- 
duction of sulphur dioxide, but if contact between the gas and the acid is prolonged, 
the gas is absorbed and the acid is reduced. Light has no distinct influence on the 
reaction. Bil. sulphuric acid is not reduced by the hydrogen. At 250^^, with 
the cone, acid, reduction takes place somewhat rapidly, especially in presence 
of a considerable excess of acid. When mixtures of hydrogen and oxygen 
are left in contact with sulphuric acid either at the ordinary temp, or at 
250°, both gases are absorbed, but the rate of absorption of hydrogen is the same as 
in the absence of oxygen, and the absorption of oxygen is due to its combination 
mth the sulphur dioxide that is formed. Dry hydrogen and sulphur dioxide do not 
interact at 100° or 280°. The reduction of cone, sulphuric acid by hydrogen is an 
exothermic reaction and develops 15*1 Cals, this value being increased to 30*1 Cals, 
m the presence of a large excess of sulphuric acid, owing to the heat of hydration. 
In the case of dil. sulphuric acid, the reaction would be endothermic. J, Milbauer 
found that the rate of reduction of sulphuric acid, with between 91 and 97 per ceilt. 
H 2 SO 4 , is constant when the gas is bubbled through the acid at 174°. The reaction 
between hydrogen and sulphuric acid is increased by the presence of various cataljdiic 
agents — ^notably by metals of the platinum group, but also by gold, and selenium, 
the soluble sulphates of copper, mercury, cerium, and lanthanum, and the oxides 
of arsenic, antimony, and tantalum. The presence of the oxides of vanadium, 
molybdenum, and tungsten, or other suspended substances like silica, diminishes the 
yield of sulphur dioxide, and the same result is obtained to a very slight extent with 
the alkali and alkaline earth sulphates. The catalytic eflect increases with the 
concentration up to a limiting value which corresponds with the limit of the solubility 
of the sulphate ; with mercuric sulphate there is an appreciable action at 26^, and 
the action increases rapidly with rise of temp. Some substances — 6 .^. ferrous and 
mercurous sulphates, and tellurium — are oxidized in spite of the presence of hydrogen 
and sulphur dioxide ; selenium shows an alternate sequence of oxidations and 
reductions ; while osmium tetroxide, palladium and cerium sulphates, selcnixim 
dioxide, and the oxides of vanadium, molybdenum, and titanium are first reduced. 
Light has no appreciable influence on the reaction. J*. Milbauer found that the 
maximum catalytic eflect is obtained when the sulphuric acid is saturated, but not 
supersaturated, with soluble platinum sulphate. This occurs most readily if the 
sulphuric acid be treated with platinum bl ack. Arsenic trioxide retards the reaction. 
As indicated in connection with sulphur, hydrogen sulphide, and sulphur dioxide, 
these substances may be produced by the action of hydrogen m statu nascendi on 
sulphuric acid. M. Faraday observed that sulphur and hydrogen appear at the 
cathode in the electrolysis of sulphuric acid J. H. Gladstone and A. Tribe 

found that hydrogen occluded in platinum reduces sulphuric acid to sulphur 
dioxide and sulphur. 

0. F. Tower^ measured the solubility of air (q.v.) in sulphuric acid, and A, Chris- 
tofi, and C. Bohr, that of oxygen (y.u.). The subject was studied by G. Tammann. 
Sulphuric acid has no chemical action on oxygen; according to C. D. Harries, 
moderately dry ozone is not affected by being passed through corLc. sulphuric acid, 
whereas, under the same circumstances, ozone which has been dried over phosphorus 
pentoxide is decomposed to the extent of one per cent, by the acid. Sulphuric acid 
can be mixed with water in all proportions ; and when the acid is exposed to an 
atm. sat. with moisture, J. L. Gay Lussac said that it can absorb fifteen times its 
weight of water ; and H. W. Hake found that the maximum deliquescence on 
exposure to air was to convert 95*8 per cent. H 2 SO 4 into 35*37 per cent. H 2 SO 4 . 

VOL. X. * 2 h' " 
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The vap. press, of snlplinric acid of different concentrations has been previously 
discussed ; obviously, in any closed space, the concentration of the acid determines 
the humidity of the atmosphere. The distribution of the moisture between sul- 
phuric acid and the atm. has been discussed by W. I. Busnikoff — vide sufra, the 
desiccating power of sulphuric acid. The great affinity of sulphuric acid for water 
is evidenced by its hygroscopicity and its use in desiccators, and in the balance 
cawSe for keeping a dry atmosphere in these vessels ; and also for drying gases. 
Sulphuric acid acts upon many solid and liquid substances depriving them water ; 
or even decomposing the substance — ^splitting off the elements of water when no 
ready-formed water is present. Wood, paper, sugar, starch, and many organic 
substances are blackened by cone, sulphuric acid owing to the separation of carbon 
which accompanies the removal of the elements of water. This property is utilised 
for the preparation of carbon monoxide ; for the preparation of ethylene. The 
effect is easily demonstrated by stirring 10 grms. of powdered cane sugar with 
12 grms. of cone, sulphuric acid in a beaker. The sugar first becomes pale brown, 
rapidly darkens in tint, and finally becomes black ; at the same time, much steam 
is evolved and the mass swells up considerably, According to A. von Bayer and 
V. Villiger, hydrogen dioxide reacts with cone, sulphuric acid, forming permono- 
siilphuric acid, H2BO5 ; and T. M. Lowry and J. N. West studied the equilibrium 
conditions in the reactions and H2O2+2H2SO4I 

=H2So0g+2H20 — vide infra, and R. Glocker and 0. Risse, the photochemistry of J 
the reaction. Si. Berthelot added : 

L'acide persulfurique se forme egalement, toujours a I’etat dissous, lorsqu’on melange 
avec precaution et en evitante tout© Elevation de temperature une solution d’eau oacyg^uie 
avec I’acide sulfurique soit concentre, soit etendu d’une quantity d’eau inf^rieure k I’^quiva- 
lent. Mais la combinaison n’a point lieu quand I’acide sulfurique est 6tendu a Tavance de 
2 equivalents d’eau, ou davantage. Dans tons les c^, elle demeur© partielle, e’est-a-dire 
qu"il subsist© une portion de I’eau oxygenee. 

H. Moissan ^ found that sulphuric acid is partly decomposed by fluorine ; and 
E. Fichter and K. Humpert, and W. Biadergroen found that persulphuric acid is 
formed (q.v.). Sulphuric acid dissolves chlorine, and also bromine ; and R. Weber 
said that iodine is only slightly soluble in cone, sulphuric acid. R. H. Adie observed 
that when iodine is heated with cone, sulphuric acid, the iodine is distiUed off at 92° 
without chemical action. G. Gore observed that anhydrous hydrogen fluoride 
mixes quietly with cone, sulphuric acid at — 29° to — 18° ; and L. Pfaundler observed 
that gaseous hydrogen fluoride is absorbed by cone, sulphuric acid, and when the 
soln. is heated, the hydrogen fluoride is driven off unchanged. In aq. soln., 
W. Traube and B. Reubke observed that a mixture of 62 per cent, hydrofluoric acid, 
and 94 per cent, sulphuric acid furnishes fluosulphonic acid, and that there is a 
state of equilibrium in the soln. : H2S04+HE^P.HS03-hH20. According to 
H. Beckurts and R. Otto, cblorosulphonic acid is formed when hydrogen chloride is 
passed into fuming sulphuric acid. R. Behrend noticed the reverse change. V. Gupr 
studied the absorption of hydrogen chloride by sulphuric acid. The action of sul- 
phuric acid on chlorides is a reversible reaction : H2S04+2MC1=M2S04+2HC1, or 
R2S^4+^G1==MHS04+HC1. With hot fuming sulphuric acid, rich in sulphur 
trioxide, H. Rose said that chlorine and sulphur dioxide may be formed — tnde 
infra, sulphur oxychlorides. A. J* Balard observed that cone, sulphuric acid decom- 
poses hydrobromie acid into sulphur dioxide, water, and bromine. When the dil. 
acid acts on a bromide, hydrobromie acid is set free, and E. Leger and others have 
used the method for preparing hydrobromie acid. E. T. Addyman found that there 
is no decomposition with 30 per cent. H2SO4 ; with 75 per cent. H2SO4, only 0‘64 
per cent, of the hydrogen bromide is decomposed ; while with the mol. proportion 
H2SO4 : KBr=l : 2, 3-22 per cent, of the hydrogen bromide was decomposed, and 
with the ratios 1 : 1, 1 ; 2, and 1 : 3, respectively 8*3, 19*88, and 31*30 per cent, of the 
hydrogen bromide was decomposed, K. Proskouriakoff found that hydrobromie 
acid is oxidized by sulphuric acid at 
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H2SO4 ...... 60 70 80 90 per cent. 

J. L. Gay Lussac observed that cone, sulphuric acid decomposes hydrogen iodide, 
or an aq. soln. hydriodic acid, forming sulphur dioxide, iodine, and water, while 
with dil. sulphuric acid there is no decomposition. Similarly also with the iodides, 
which, with cone, sulphuric acid, are decomposed: 2fvI+3H2SO-i.~2KHSO^. 
+T2+SO2+2H2O. The reactions were studied by D. Yitali, F. Bush, anrl 
A, bupasquier. K. ProskouriakoF observed the temp, at -wliicli sulphuric acid 
oxidizes hydriodic acid, and found tlris occurs at 

J(>0“ ()<)“ 5(1° 45° 3tP 

H2SO4 .... 25 30 35 40 50 per 

J. L. Gay Lussac, and J. Kolb stated that the hsrpocMorites are decomposed by 
sulphuric acid, forming hypochlorous and hydrochloric acids, and some chloriin^ 
through the decomposition of the hypochlorous acid. N. A. E. Millon found that 
cone, sulphuric acid at — 18° dissolves 20 vols. of chlorine dioidde, forming a yellow 
soln. which decomposes between 10° and 15° giving of! chlorine and oxyg(m, and 
forming perchloric acid ; at 15° to 20°, 100 c.c. of 99 per cent. H2SO4 dissolve 1*54 
grms. of iodine dioxide, and a more diluted acid dissolves more dioxide ; cold dil. 
sulphuric acid slowly decomposes the dioxide, forming iodine and iodic acid — the. 
reaction is hastened by raising the temp. A. B. Lamb and A. W. Phillips studied tin', 
action of sulphuric acid on iodine pentoxide. The action of sulphuric acid on chloric 
acid has been previously discussed, 2. 19, 12 ; and similarly also bromic acid, and 
iodic acid. A soln. of, say, 120 grms. of iodic acid in 60 c.c. sulphuric acid — the so- 
called iodatosulphuric acid — ^has been used as an absorbent for carbon monoxide in 
gas masks. This subject was studied by M. Guillemard and A. Luhrmann, 
A. Desgrez and M. Guillemard, E. Tassilly, and E. Dinoire. S. Smith observed that 
at 338° the action of potassium chlorate on cone, sulphuric acid is entirely unattended 
by explosive violence, the addition of the powdered salt to the boiling acid merely 
resulting in a brisk effervescence, with the production of chlorine, oxygen, and 
perchloric acid. The volume of oxygen evolved corresponds with about 90 per cent, 
of the total oxygen contained in the potassium chlorate, whilst the amount of 
perchloric acid formed is very small. At temp, between 338° and 200° no crackling 
or detonation is produced. At 170°, however, the addition of potassium chlorate to 
sulphuric acid results in a number of small detonations, which increase in violence as 
the sulphuric acid is cooled and reach a maximum between 130° and 120°, when a 
sharp explosion results. Below 120° the violence of the action diminishes, until, at 
60°, chlorine peroxide is quietly evolved without cracking or detonation- The first 
action of the acid probably forms the anhydride, CI2O5, and this at once decomposes 
into chlorine and oxygen ; the oxygen oxidizes the chlorine to perchlorate so that, 
as W. Ramsay emphasized, the equation: 3KC103=KC104+K20+2C102, must 
he indeterminate. F. von Stadion, and G. S. Serullas said that the perchlorates are 
not decomposed at temp, below 100° by cone, sulphuric acid ; while C. Langlois, 
C. F. Eammelsberg, and C. G. Lautsch showed that periodic acid and the periodates 
are decomposed by cone, sulphuric acid. 

F. C. Vogel ^ showed that when cone, sulphuric acid is heated with sulphurs 
sulphur dioxide is formed. R. H. Adie observed that sulphur dioxide appears at 200°, 
and no hydrogen sulphide is formed, F. C. Vogel said that when hydrogen sulphide 
is passed into sulphuric acid, water is formed as well as some sulphurous acid and 
sulphmr, but when the acid is diluted with 4 vols. of water, no reduction occurs. 
According to A. F. de Fourcroy and L. N. Vauquelin, when sulphur dioxide is passed 
into well-coolcd sulphuric acid, no hyposulphurous acid is formed, but the frozen 
mass evolves sulphur dioxide when thawed. According to A. Bussy, when sulphuric 
acfd is agitated with liquid sulphur dioxide, only a little of the latter dissolves in 
the former ; most of the sulphur dioxide forms a layer above the sulphuric acid. 
H. Rose described a liquid which he regarded as a compound 2803,802^ formed by 
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passing sulpiiiir dioxide into anhydrous sulpliuric acid. Tlie product evaporates 
rapidly in air, forming a thick cloud ; it effervesces violently with water giving ofi 
sulphur dioxide ; and it forms a yellow mixture of sulphite and sulphate when 
treated with ammonia. It is doubtful if H. Rose’s product was anything more than 
a soln. of the gas in sulphuric acid — 'vide su'pra^ the solubility of sulphur dioxide in 
sulphuric acid. V, Cupr studied the absorption of sulphur dioxide by sulphuric 
acid. J. W. Dobereiner said that the reduction occurs only with fuming sulphuric 
acid. A. Geuther observed that carbon disulphide is miscible with sulphuric acid 
free from water, while M, Brault and A. B. Poggiale said that the cold acid decom- 
poses carbon disulphide, forming carbon and sulphur, and when the mixed vapours 
are passed through a red-hot tube, sulphur, hydrogen sulphide, sulphur dioxide, 
and carbon monoxide are formed. According to H. Rose, R. W. Fischer, E. Moles, 
and A. Hilger, selenium and tellurium dissolve in cone, sulphuric acid, forming a 
green or a red soln ; part of the metalloid is oxidized and some sulphur dioxide is 
formed. R. H. Adie observed that when selenium is heated with sulphuric acid, 
sulphur dioxide appears at 170°, and no hydrogen sulphide is formed. 

A. Christoff,^ and C, Bohr measured the solubility of nitrogen {q^vi) in sulphuric 
acid. Sulphuric acid and aq. ammonia form salts — ammonium sulphates ; 
E. C. Franklin and C. A. Kraus found that the acid is very slightly soluble in liquid 
ammonia. J. D. van der Plaats observed that hyponitrous acid is decomposed 
by cone, sulphuric acid, forming nitrous oxide. According to A. H. Allen, nitric 
oxide is absorbed by cone, sulphuric acid, and not by acid diluted in the proportion 
3:2; according to G. Lunge, the gas is not absorbed by the dil. acid, but this is 
wrong. He found that 100 c.c. of 96 per cent, sulphuric acid dissolved 3*5 c.c. of 
nitric oxide ; and 60 per cent, acid, 1*7 c.c. of gas. T. Bayley showed that the gas 
is more soluble if the sulphuric acid contains a trace of mercury or other metal salt, 
and F. Nettlefold added that only impure nitric oxide is dissolved by cone, sulphuric 
acid. 0. F, Tower measured the solubility of the gas in the acid. A. Graire 
observed that sulphuric acid is reduced by nitric oxide — vide supra, the theory of the 
lead chamber process for sulphuric acid ; and 8. 49, 35, nitric oxide. The action of 
nitrogen peroxide on sulphuric acid was discussed by R. Weber, C. A. Winkler, 
C. W. Hasenbach, and G. Lunge and E. Weintraub — vide 8. 49, 64, and the theory 
of the lead chamber process. A. Sanfourche and L. Rondier measured the press, 
developed by mixtures of nitrous acid and sulphuric acid. The observations of 
J. Kolb, and A. V. Saposchnikoff and others on the physical properties of mixtures 
of nitric acid and sulphuric acid have been discussed in connection with the 
former acid. Sulphuric acid abstracts water from nitric acid, and makes it more 
active for nitrating compounds. A. Marshall questions this ; but C. D. Carpenter 
and A. Lehxman observed that sulphuric acid dehydrates nitric acid even in the 
presence of enough water to form H2SO4.H2O. The observations of J. Kendall, 
W. C- Holmes, A. V. Saposchnikofi, W. B. Markownikofi, C. D. Carpenter and 
A. Lehrman, etc., on the action of sulphuric acid on nitric acid have been discussed 
in connection with nitratosulphuric acid — 8. 49, 63 — so also have the binary 
system : HoSO^-HNOg ; and the ternary system : HN03~-H2S04-H20. A. V, Sapo- 
schnikoff said that cone, nitric acid does not form a compound with cone, sulphuric 
acid, as supposed by W. B. Markownikoff, but with an excess of sulphuric acid, 
the soln. may contain a little nitrogen pentoxide. A. Sanfourche and L. Rondier 
measured the press, developed by mixtures of nitric and sulphuric acids. 

J. Peloiize ® observed no change with red phosphorus and sulphuric acid in the 
cold, but when heated, sulphur dioxide and phosphoric acid are formed. When 
phosphorus and cone, sulphuric acid are heated in a sealed tube, A. Oppenheim 
said that the reaction can be symbolized : 3H2S04-l~2P==2HgP03-l-3S02.1 When 
phosphorus is heated in boiling sulphuric acid, in a capacious flask, it burnain the 
acid vapour, with the separation of sulphur ; H. Rose said that phosphine slowly 
reduces sulphuric acid at ordinary temp., forming phosphoric acid, sulphur, and 
Milphxir dioxide. According to A. Geuther, when sulphuric acid is heated with 
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phospiioras tricMorMe, the reaction can be symbolized: ^H2S04-rPCI;j=:^CiHS03 
-j-S02“f~HI^03--j-2HCl. C. Gerbardt and L. OMozza observed that cone, siiipliuric acid 
reacts with phosplioriis pontacMoride, forming sulphur trioxide and phosphoryi 
oMoride ; while A. W . Williamson showed that chlorosulphonic acid is first produced, 
then sniphuryl chloride, and phosphoryi chloride, while if the temp, exceeds 145'', 
some phosphorus diox^^chloride, PO2CI, is produced. P. N. Raikow found that 
sulphuric acid dissolves in syrupy phosphoric acid at ordinary temp., and when the 
mixture is heated to 350°, sulphur dioxide is given oh. A. Prinvaiilt observed that 
sulphatophosphates are produced when cone, sulphuric acid is heated with the 
alkali phosphates. R. H. Adie found that when sulphuric acid is heated with 
arsenic, sulphur dioxide appears at 110° ; with antimony, at 90°-95° ; and with 
Msmnth, at .90° — ^in no case was hydrogen sulphide observed. 

When carbon — charcoal — ^is heated with cone, sulphuric acid the reaction can 
he symbolized ; {^C+2H2S04=2H20 +002+2802, and at a higher temp. — dull 
redness — carbon monoxide and dioxide, hydrogen, and sulphur are formed, 
R. H. Adie ^ said that the formation of sulphur dioxide can he detected at 188°, 
and no hydrogen sulphide is formed. M. Berthelot found that graphite is not 
attacked at 100°, but retort carbon colours the liquid brown, and wood-charcoal 
produces small quantities of sulphur and carbon dioxides. A. Verneuil said that 
metallic acid, pyxomellitic acid, and henzenepentacarboxylic acid are produced 
by the action of cone, sulphuric acid on wood charcoal at 280°-300°. D. Namasi- 
vayam, IST. Schiloff and S. Pewsner, I. M. Kolthoff, and L. R. Parks and P. C. Bartlett, 
studied the adsorption of sulphuric acid by charcoal. L. R. Parks and P. C. Bartlett, 
and M. Dubinin studied the adsorption of sulphuric acid by carbon. J. Thoulet 
studied the attraction between a dissolved solid and a substance immersed in 
the soln, applied to the case of lignite and sulphuric acid. C. Bohr measured the 
solubility of carbon dioxide {q.v,) in sulphuric acid ; and A. Christoff, of carbon 
monoxide (g'.-y. )• Milbauer found that at .250° sulphuric acid is reduced by carbon 
monoxide : H2S04+CO=C02+S02+H20,^o long as the cone, of the acid does not 
faU below 91 per cent. H2SO4, and it is accelemted by the presence of certain catalysts 
— e,g. palladium, iridium, mercury, selenium, silver, gold, and tin — but not by 
platinum, osmium, and copper sulphate. Sulphuric acid corrodes many organic 
substances and colours them brown. In 1661, R. Boyle thus described the reducing 
action of turpentine: 

Suspecting the common oyle of vitrioll not to be altogether such a simple liquor 
as chymists presume it, I mingled it with an equal or a double quantity (for I tryed the 
experiment more than once) of common oyle of turpentine, such as together with the other 
liquor I bought at the drugsters. And having carefully (for the experiment is nice, and 
somewhat dangerous) distilled the mixture in a small glass retort, I obtained according 
to my desire (besides the two liquors I had put in) a pretty quantity of a certaine substance, 
which sticking all about the neck of the retort discovered itself to be sulphur, not only by 
a very strong sulphureous smell, and by the colour of brimstone ; but also by this, that 
being put upon a coal, it was immediately kindled, and burned like common sulphur. And 
of this substance I have yet by me some little parceils, which you may command and examine 
when you please. So that from this experiment I may deduce either one, or both of these 
proportions, that a real sulphur may be made by the conjunction of two such substances 
as chymists take for elementary, and which Aid not either of them apart appear to have 
any such body in it ; or that oyle of vitrioll though a distilled liquor, and tAken for part 
of the saline principle of the concrete that yeelds it, may yet be so conapoimd a body as to 
contain, besides its saline part, a sulphur like common brimstone, which would hardly be 
iiself a simple or uncompoimded body. 

A. Ohristoff found that at 20°, one c.c. of 95*6 per cent, sulpburio acid absorbs 
0-03303 o.c. of methane ; 61*62 per cent. H2SO4, 0*01407 o.c, ; and 35*82 per cent. 
H2SO4, 0*01815 c.c. R. A. Worstall said that fuming sulphuric acid will attack 
the aHpbatio and aromatic hydrocarbons. Thus, although the cold fumiug acid is 
without action on hexane, heptane, or octane at ordinary temp., these compounds are 
sulphonated by the acid at their b.p. S, G. P. Plant and N. V. Sidgwick said that 
there are three successive stages in the absorption of eihylene by sulphuric acid : 
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(1) a dissolution of tlie gas in the liquid ; (ii) a reaction : C2H4+H2SO4 
— CJH5.IISO4 ; and (iii) a further reaction with the acid to form ethyl sulphate, 
(02115)2804. The second and third reactions may be simultaneous, and they 
proceed at rates proportional to the products of the concentrations of the sulphuric 
acid and ethylene in the one case and ethyl hydrosulphate in the other. A. Damiens 
showed that cupric oxide or sulphate catalyzes the reaction, and that there is a 
state of equilibrium: H2S04+(C2H5)2804^2C2H5(HS04). The reaction was 
studied by W. Lonimel and R. Engelhardt, and W. Gluud and G. Schneider 
S, Ct. P. Plant and N. Y. Sidgwick said that propylene is absorbed more readily 
than ethylene, hut the reactions are more complex, for besides propyl sulphate 
and hydrosulphate, a colourless oil, free from sulphur, and probably a mixture 
of secondary alcohols, is formed. J. U. Nef claimed that butylene and the higher 
olefines were quantitatively converted into polymers by cone, sulphuric acid at 
0'^, while propylene remained dissolved in the acid as propyl sulphate. A. Michael 
and co-workers found that isobutylene, (CH3)2C=CH2, is rapidly and completely 
dissolved by 63 per cent, sulphuric acid at 17"^, while tetramethylethylene, (0H3)2C 
=C(CH3)2, reacts completely with 77 per cent, acid at ordinary temp., but not so 
rapidly as amylene, (CH3)2C=CH.CH3. The amylene, (C2H4)(CH3)C=CH2, dis- 
solves more readily in 66 per cent, acid than does the amylene (CH3)2CH.CH=CH2. 
A, Wischnegradsky obtained large yields of amyl alcohol by the action of cold, cone, 
sulphuric acid on amylene. W. R. Ormandy and E. C. Craven, and B. T. Brooks 
and I. Humphrey studied the action of sulphuric acid on various olefines — -^-methyl- 
a-hutene, /3-methyl-a-pentene, a-hexene, methylcyclohexene, iso-a-heptene, y- 
heptene, y-cthyh^-pentene, tetramethylethylene, a-octene, a-isoctene, ^-methyl-p- 
undecene, liexadecene, menthene, styrene, as well as the terpenes, a-pinene, 
pinene, limonene, and myreene. In agreement with A. Michael and R. E. Brunei, 
they found that the tendency of the aliphatic olefines to form alkyl sulphates and 
alcohols increases with increasing mol. wt., and approaches a maximum with 
the amylenes and hexene. The substitution of electronegative radicles — e,g. 
hydroxyl, carboxyl, or the halogens — ^for hydrogen makes the olefines more resistant 
towards sulphuric acid. Tetramethylethylene is more reactive than its isomer 
a-hexene. This is attributed to the fact that the unsaturated tetradic C : C-group 
in a-hexene has three of its valencies taken up by hydrogen, whereas in tetramethyl- 
ethylene, the hydrogen atoms are replaced by the more electropositive CHs-groups. 
The olefines of higher mol. wt. are inclined to polymerize when treated with sulphuric 
acid, and the polymerides stffl containing at least one double bond resist attack by 
sulphuric acid better than the parent olefine, ^Thus duodecene, C12H24, is almost 'j 
quantitatively converted into the dipolymer, There is no evidence of ring\ 

formation. If amylenes, hexenes, or heptenes are treated with 85 per cent, sulphuric ( 
acid, below 15°, alcohols are formed but not necessarily by the formation and suh-J 
sequent hydrolysis of the alkyl sulphate. R. P. Anderson and C. J. Engelder 
observed that fuming sulphuric acid has a solvent action on the gasolene vapours 
in natural gas. Cone, sulphuric acid was found by M. Berthelot, S. Zeisel, and 
W. Muthmann to absorb slowly acetylene, forming a sulphonic acid. M. Berthelot, 
and H. I. Lagermarck and A. P. Eltekoff said that with a boiling soln. of sulphuric 
acid (3 : 7) acetaldehyde is formed, and, according to H. Erdmann and P. Kothner, 
with a more cone, acid (2:1) crotonaldehyde is formed. The chemical action was 
discussed by G. Schroter, etc. According to A. Michael and A. Adair, when cone, 
sulphuric acid is boiled for 20-30 hrs. with benzene, some henzoylsulphonic acid 
is formed. The reaction was studied by G. Monselise, L. B. von Barthenau and 
C. Senhofer, G. Senhofer, G. Heinzehnann, W. Egli, M. Berthelot, etc. 

The esterification of methyl alcohol by sulphuric acid was discussed by 
R. Ehemann and H. Neumann, ^ and J, Guyot and L. J. Simon ; and of ethyl alcohd 
by sulphuric acid by A. Villiers, F. W. Bushong, D. McIntosh, H. Meyer, 
R. Kremann, P. N. Evans and co-workers, and A. Zaitschek. B. T. Brooks and 
I. Humphrey found that allyl alcohol reacts with the 60' per cent, acid to form 
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aliyl JiydxosiilpliatC;, and ciniianiic alcohol is polymerized by the 85 per cent, acid 
at 0®, and similarly also with, cinnamic aldehyde, engenol, ^soengenol, and safroL 
R, Kjremann and H. Honel studied the velocity of the reaction with acetone result- 
ing in the formation of mesityl oside ; and D. McIntosh^ the formation of oxoniuiii 
compounds. The effect of sulphuric acid on ether has been studied by A. W. Porter, 
and J. R. Pound ; and on p-totyl ethyl ether, by P. R, Roberts and G. AUemaii. 
C. Mauguin and L. J. Simon represented the reaction of sulphuric acid on carbon 
tetrachloride at 150° by the equation : SCCl4+HoS04=HClS03~rC0Cl2-rHCl, and 
2HClS03-hCCl4=S205Cl2+2HCl-fC0Cl^. Y. Vf Tschehnceff and A. Kozloff, 

B. Archibald and D. McIntosh, D. McIntosh, A. Hantzsch, and G. Oddo and 
E, Scandola found that sulphuric acid reacts with ethers to form compounds which, 
from their analogy with the substituted ammonium compounds, can be regarded 
as oxonium derivatives. The action of sulphuric acid on various organic acids 
has been studied by F. W. O. de Coninck and M. Raynaud, B. T. Brooks and 

I. Humphrey, J. van Peski, M. Bergmann and F. Radt, J. Kendall and C. D. Car- 
penter, J. Mlhauer and A. Hemec, etc. A. Lehrman studied the ternary system : 
acetic and sulphuric acids and water. J. A. Christiansen observed that the decom- 
position of oxalic acid by sulphuric acid is retarded by the presence of a small 
proportion of water, probably in consequence of the displacement of the equili- 
brium H2S04^S03-{-fl2^5 since the addition of sulphur trioxide greatly increases 
the rate of the reaction. Observations on the aromatic disxilpllides were made 
by S. Smiles and co-workers ; on aromatic disulphoxides, by T. P. Hiiditch ; on 
nitroheptane, by R. A. Worstall ; on nitrobenzene, by M. L. Crossley and 

C. B. Ogilvie ; on malic acid, by E. L. Whitford ; on various organic compounds — 
aldoses, dicarboxylic acids, amino-acids, a- and j 3 -naphthol, and dihydroxybenzenes 
— ^by J. Milbauer and A. Kemec ; and on ferrocyanides, by P. Chretien, The 
formation of carbon monoxide {q.v,) by the action of sulphuric acid on potassdiim 
ferrocyanide was investigated by J. "W, Dobereiner, J. J. Berzelius, 6 . Fownes, 
M. Merk, T. Everitt, C. G. Wittstein, H. Aschoff, A. W. Williamson, and R. H. Adie 
and K. C. Browning, P. G. Kronacker studied the conversion of the nitrogen 
of. the amino-acids into ammonium sulphate by the action of 66 per cent, sulphuric 
acid, with and without potassium permanganate and mercury. E. J. Mills and 

J. Takamine, and J. Walker and J. R. Appleyard studied the absorption, etc., of 
the acid by silk ; E. J. Mills and J. Takamine, W. W. Paddon, and D. Yorlander and 
A. J. Perold, by wool ; E. J, Mills and J. Takapamc, by cotton ; S. G. Mokrushin, 
by filter-paper ; and J. A. Wilson, and V. Knbelka and J. Wagner, by leather. 
The action of sulphuric acid on glass has been discussed by F. R. Weber and 
E. Sauer, 9 etc. ; on various silicates {qjv.) by J. Hazard, etc. 

The effects of sulphuric acid on the different metals are discussed in connection 
with the individual elements. St. von Bogdandy and M. Polanyi studied the 
emission of ions when sulphuric acid attacks sodium vapour. General observations 
have been made by C. H. Sluiter, E. H. Adie, C. M. van Deventer, M. J. Fordos 
and A. Gelis, A. Ditte, and M. Berthelot. In some cases, dependent on the cone, 
of the acid, the nature of the metal, and the temp., hydrogen, hydrogen sulpbide, 
sulphur dioxide, and sulphur or the metal sulphide may he formed, 6 . J. Burch 
and J. W. Dodgson observed that with cone, sulphuric acid, at 16 °, sodium, weighted 
with a glass rod, is less rapidly attacked than by water ; the action is moderate 
and bubbles of gas are steadily given off. Contact of the sodium with another 
metal usually retards the action — aluminium and magnesium accelerate the action, 
so much that the sodium quickly inflames ; platinum, iron, and carbon retard the 
action. The sodium remains clean and bright while the gas comes from the surface 
of the other metal. According to T. L. Phipson, when a piece of sodium is placed 
in sulphuric acid of sp. gr. 1 - 845 , sodium sulphide is the chief product of the action. 
R. Pictet observed that below — 68 ° potassium does not react with 35 per cent, 
sulphuric acid ; and sodium not below — 50 °. P. Keogi and R. C. Bhattacharyya 
found that sulphates are not attacked by magnesium amalgam. P. D. Schenck 
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discussed metals for resisting the action of sulphuric acid. Lead is in common use 
for up to 95 per cent, cold acid, and up to 80 per cent, hot acid ; aluminium bronzes 
and copper-sili con-manganese bronzes resist cold soln. with up to about 40 per cent, 
sulphuric acid ; high nickel copper alloys, chrome-nickel steels, and nickel-silicon 
steels behave like the bronzes. The high silicon irons have been used for resisting 
all concentrations and temperatures of sulphuric acid, but they are difEcult to work. 
K. C. Sen observed that the adsorptions of sulphuric acid by hydrated chromic 
oxide, aluminium oxide, and ferric oxide in millieq, per gram from acid with 
1-1320 milheq. per 100 c.c. are respectively 4*273, 1*793, and 1*696. 

The action of sulphuric acid on the bases results in the formation of sulphates 
— e.p. K2SO4, CaSO^, ^62(804)3, etc. ; of hisulphates or hydrosulphates — e.g. 
KHSO4, CaHS04, ; of pyrosulphates — e.g. etc. ; of various other 

acid sulphates — or polysulphates — vide 2. 20, 26 — ^and of basic sulphates or oxysul- 
phates^^ — copper sulphates, etc. Many complex sulphates or double and 
triple sulphates have been reported ; and a number of heteropoly-acids have been 
discussed — e.g. A. Eecoura’sA^ E. Baud’s ferrisulphuric acid, chromisulphuric 
acids, etc. Excepting the pyrosulphates, these compounds are discussed in 
connection with the individual elements. G. C. A. van Dorp studi<^d the ternary 
systems: Li2S04-H2S04-H20, (NH4)2S04~H2S04-H20, and the quaternary system : 
(NH4)2S04-Li2S04-H2S04-“H20 ; H. W. Eoote the ternary systems : Na2S04- 
H2SO4-H2O, and ESO4-H2SO4--H2O, where E represents the bivalent elements, 
Ee, Cu, Ba, Ca, Be, and the quaternary system Na2S04~CuS04-H2S04-H20 ; and 
A, D. Donk, the ternary system : PbS04-H2S04--H20. 

The physiological action of sulphuric acid. — ^F. C. Calvert said that a soln. 
1 : 1000 does not afiect protoplasmic life or fungi. Sulphuric acid is poisonous 
to man, and a fatal case of the poisoning of an adult by 3*8 grms. of acid was re- 
ported by E. Christison, and this is the smallest lethal dose on record. When 
externally applied, the cone, acid may produce phenomena resembling scalds or 
burns ; the destruction of the tissue may not be deep seated if the acid is quickly 
washed off. The skin is at first coloured white, and at a later period brown, and 
part may appear as if it had been dissolved, ^^’^en administered internally, there 
is immediate and great suffering ; the tongue and throat swell and inflame so that 
saliva cannot he swallowed. The acid attacks the mucous membrane of the gullet, 
and stomach. There may be excessive vomiting and retching. Pieces of mucous 
membrane may be expelled. The bowels are usually constipated, and the urine 
contains an excess of sulphates and often albumen with hyaline casts of uriniferous 
tubes. The pulse is small, the breathing slow, the extremities may be affected 
with convulsions and^^cramps, and death may follow in 24-36 hrs., or he more 
protracted and painful. In bad cases, the sulphuric acid may dissolve the stomach 
and pass into the peritoneum producing effects like a penetrating wound in the 
abdomen. In chronic poisoning by small doses W. Starkoff showed that it acts 
as a specific poison on the blood. E. Kobert mentioned that drunkards addicted 
to Schnapps may show symptoms of chronic poisoning because this liquor is 
acidified with sulphuric acid to give it a sharp taste. H. Weiske found that lambs, 
given small doses of the acid for six months, grew thin, and their bones — excepting 
the long bones and those of the head — ^were deficient in lime salts ; and the muscles 
have an abnormally low proportion of these salts. N. Sieber, P. Miquel, and 
C. T. Kingzett observed that dil. sulphuric acid hinders putrefaction, and acts 
as an antiseptic ; and W. 0. von Leube said that a very dil. soln, has been sold 
under the commercial name hreosozon for use in preserving foods. M. M. Hay- 
duck found that the dil. acid has a detrimental effect on the development 
of yeast. 

Some uses of sulphuric acid. — In 1925, the world’s production of sulphuric 
acid of a sp. gr. of about 1-72 downwards approximated 5 million metric tons, 
and of this, about three-fourths was used for maMng fertilizers, ammonium sulphate^ 
and other artificial manures. This dilute acid is also used fox making salt-cake 
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and hydrochloric acid, and indirectly for soda-ash, bleaching i3owder, etc. 
It is used in the preparation of many acids — e.g. hydrofluoric, sulphurous, nitric, 
phosphoric, boric, chromic, oxalic, tartaric, citric, acetic, and stearic acids ; it is 
used in manufacturing phosphorus, iodine, bromine, and numerous sulphates — ^ 
e.g. barium sulphate or hlanc fixe, the alkali sulphates, alums, and the sulphates 
of the metals — ^potassium dichromate, ethers, organic colouring matters, starch, 
syrup, sugar, etc. It is employed in the metallurgy of copper, silver, cohalt, nickel, 
platinum, etc. It is used for pickling or cleaning sheet-iron, to be galvanized or 
tinned. It is used in making parchment paper, for the saccharification of corn, 
for efiervescent drinks and mineral waters, in the preparation of tallow, in the 
recovery of fatty acids from soap suds, for destroying vegetable fibres in mixed 
fabrics, in making artificial silk, and generally in dyeing, calico printing, tanning, 
refining mineral oils, rubber refining, in making glycerol, vegetable oils, glue, 
gelatine, size, weed-killers, etc. It is employed as a chemical reagent in innumerable 
cases ; it is used in some galvanic cells ; as a medicine against lead-poisoning, 
etc. It is used admixed with potassium dichromate as an oxidizing agent. The 
concentrated acid is used in purifying colza oil, benzene, petroleum, paraffin, and 
other mineral oils, in manufactming fatty acids, organosulphonic acids, indigo, 
nitrocompounds and nitric ethers, nitroglycerol, nitrocellulose, nitrobenzene, picric 
acid, nitrotoluene, etc. It is used for drying air and gases, for producing ice by the 
rapid evaporating of water, in vacuo ; for refining gold and silver, describing copper, 
etc. The fuming acid is used in manufacturing some organosulphonates — used in 
making alizarine, eosine, indigo, etc. It is used in making explosives ; purifying 
ozokerite, making shoe-blacking, and in revivifying the spent acids from the manu- 
facture of nitrotoluene, nitrocellulose, etc. This subject is discussed in more 
detail in J. W. Parke’s The Concentration of Sulphuric Acid (London, 356, 1924). 

Some reactions of analytical interest. — ^P. Halting said that sulphuric acid 
will redden litmus when only one partis present in 25,000 parts of water — or in 62,500 
parts during an hour — vide supra, electrometric titration. Dil. soln. of sulphuric 
acid give no precipitate with dil. soln. of a silver salt, but with cone. soln. white 
crystals of silver sulphate may be deposited. A white precipitate is produced 
when even dil, soln. of sulphuric acid are treated with barium chloride. P. Harting 
said that the white precipitate is produced with one part of barium salt in 79,300 
parts of water ; T, G. Wormley said 1 : 21540 ; C. R. Presenius, 1 : 23,100 to 25,200 ; 
and P. Jackson, 1 ; 256,000. J. L. Lassaigne found that a soln, of potassium 
sulphate with one part of sulphuric acid in 50,000 parts of water gives a feeble 
turbidity with barium nitrate and a very feeble one with lead nitrate, with 
1 : 100,000 the former gives a very feeble turbidity and the latter none ; with 
1 : 200,000 barium nitrate gives a feeble turbidity in 15 minutes ; and with 
1 : 400,000 none. J. W. Mellor has discussed the difficulties associated with the 
quantitative precipitation of barium sulphate in the analysis of sulphates — ^see 
also 3. 24, 16. A similar precipitate of strontium sulphate is produced with a 
strontium salt under conditions when the product with a thiosulphate is soluble. 
P. Jackson said that the precipitate with a strontium salt is sensitive to 1 : 8000, 
and with a calcium salt, to 1 : 2000 — ^P. Harting gave 1 : 310, for the calcium 
salt, and 1 : 5000 for a lead salt, whereas P. Jackson gave 1 : 16,000 for the lead 
salt. According to G. Deniges, the presence of the sulphuric ion in insoluble sul- 
phates, such as those of lead, mercurous mercury, calcium, strontium, and barium, 
may readily be shown by adding to the sulphate a 10 per cent. soln. of mercuric 
nitrate in nitric acid (1 in 100). Turpeth mineral is formed, and may be detected, 
if necessary, microscopically. Calcium and mercurous sulphates give the reaction 
immediately in the cold, strontium and lead sulphates only slowly, and barium 
sulphate only on boiling. E. Jackson said that with mercurous salts a precipitate 
is produced with one part of the acid in 1000 parts of soln. According to G, von 
^orre, a soln. of bemidine in dil. hydrochloric acid gives a white, crystalline pre- 
cipitate of benzidine sulphate in neutral and acid soln. of sulphates in the presence 
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of ferrous, copper, cobalt, zinc, nickel, manganese, and aluminium compounds. 
Ferric and chromic salts should be reduced before the benzidine is added. 


Refueences. 

^ A. !F. de Fotiicroy, JSystemc dcs cownaissances chvmique^ Paris, 2. 74, 1801 ; M. Faraday, 
Phil, Trane,, 124. 425, 1824 ; J. Fiedler, JOe Incis effectibus chemicis in corpora anorgayimi, 
Vratis Lairse, 1835 ; S. Cooke, Chem. News, 58. 103, 1888 ; C. J. Warner, ib., 28. 13, 1873 ; A. Vila, 
Compt, Mend., 179. 1163, 1924 ; M. Bertkelot, A7m. Chim. Phijs,, (7), 13. 64, 1898 ; Com^gL 
Mend., 125. 743, 1897 ; G. Tammann, Zeit. anorg. Chem., 158. 17, 1926 ; 161. 363, 1927 ; J. Mil- 
bauer, Ze7t. phjs. Chem., 57. 649, 1907 ; 77. 380, 1911 ; A. Christoff, ib., 55- 622, 1906 ; R. H. Adie, 
Proc. Chem. Boc., 15. 137, 1899 ; F. Jones, Me7n. Manchester Phil. 8oc., 61, 3, 1917 ; J. H. Glad- 
stone and A. Tribe, Journ. Chem. Boc., 35. 176, 1879 ; 43. 344, 1883 ; J. A. Wanklyn and 
W. J. Cooper, Phil. Mag., (5), 30. 431, 1890 ; W. Vaubel, Journ, prakt. Chem., (2), 62. 141, 1900. 

^ J. L. Gay Lussac, Mem. d^Arcueil, 1. 215, 1807 ; H. W. Hake, Proc. Chem. Boc., 12. 33, 
1896 ; W. I. Busnikoff, Journ. Muss. Pkys. Chem. Boc., 32. 551, 1900 ; 33. 412, 1901 : 

O. D. Harries, Zeit. Elektrochem., 18. 129, 1912 ; A. von Biiycr and V. VilHger, Ber., 33. 124, 
1900 ; T. M. Lowry and J. H. West, Journ. Chem. Boc., 77, 951, 1900 ; M. Berthelot, Ann. Chim. 
Phys,, (5), 14. 345, 1878 ; (5), 21. 193, 1880 ; O. F. Tower, Zeit. anorg. Chem., 50. 382, 1906 ; 

A, Christoff, Zeit. phys. Chem., 55. 622, 1906 ; C. Bohr, %b., 71. 47, 1910 ; G. Tammann, Zeit. 

> anorg. Ohern,, 158. 17, 1926 ; 161, 363, 1927 ; R. Glocker and 0. Risse, Zeit. Physik, 48. 845, 

1928 

3’h. Moissan, a jm. Chim. Phys., (6), 24. 224, 1891 ; J. Kolb, ib., (4), 12. 266, 1867 ; A. J. Balard, 
ib., (2), 32. 337, 1826 ; (2), 57. 225, 1834 ; Taylor's Bcientific 3Iemoirs, 1. 269, 1837 ; 
N, A. E. Millon, An7i. Chifn. Phys., (3), 7. 285, 1843 ; (3), 12. 333, 1844 ,• G. S. SeruUas, ib., (2), 
46. 294, 1831 ; G. Langlois, ib., (3), 34. 257, 1852 ; J. L. Gay I.ussac, ib., (1), 88. 311, 319, 1813 ; 
(1), 91. 5, 1814 ; Co7npt. Mend., 14. 927, 1842 ; R. Weber, Journ. prakt. Chem., (2), 25. 224, 1882 ; 

P. Claesson, %b,, (2), 19. 231, 1879 ; 0. G. Lantsch, ib., (1), 100. 65, 1867 ; R. Benedikt and 
M. Bambei'ger, Monatsh., 12. 1, 1891 ,* Ber., 24. 451, 1891 ; T, Traubo and E. Reubke, ib., 54. 

B, 1618, 1921 ; H. Becknrts and R. Otto, ib., 11. 2058, 1878 ; R. Behrend, ib., 8. 1004, 1876; 
S. Smith, Proc. Chem. Boc., 26. 124, 1910 ; W. Ramsay, ib., 2A 125, 1911 ; R. H. Adie, ih., 15. 
132, 1879 ,* Chem. News, 79. 261, 1899 ; G. Gore, Journ. Chem. Boc., 22. 368, 1869 ; F. T. Addy- 
man, ib., 61. 94, 1892; L. Pfanndier, Sitzber. Akad.Wien,lt. 1^5, 1815 ; lii.Rom,Pogg.Ann., 
38. 117, 1836; C. P. Rammelsberg, ib., 44. 577, 1838; 134. 368, 499, 1868; 137. 305, 1869; 
E. L4ger, Compt. Rend., 115, 946, 1892 ; A. Rupasquier, Journ. Pharm. CJmn., (2), 28. 218, 
1841 ; B. Vitah, L'Orosi, 12. 225, 1889 ; F. von Stadion, Gilbert's Ann., 52. 197, 339, 1816 ; 
A. B. Lamb and A. W. Phillips, Journ. Amer. Chem. Boc., 45. 108, 1923 ; E. Tassilly, Bull. Boc. 
Philomath., 30. 513, 1921 ; A. Besgrez and M. GuiUemard, Compt. licTul., 171. 1177, 1921 ; Chhn. 
Ind., 4. 514, 1921 ; M. Guillemand and A. LUhrmann, ib., 14. 29, 1925 ; E. Binoke, La lutte 
contre' Voxyde de carbo7ie, Paris, 1919 ; V. Cupr, Bpisy Vydavante Prirodovedeckow FahuUon 
Masarykovy Univ., 63, 68, 1926 ; Mec. Trav. Chim. Pays-Bas, 47. 56, 1928 ; K- Proskonriakoff, 
Journ. Phys. Chem., 33. 717, 1929 ; F. Bush, ib., 33. 613, 1929; P. Fichter and K. Hnmpert, 
Helvetica Chim> Acta, 9. 602, 1926 ; W. Bladergroen, Bildung anorganischer Peroxyde und 
Persalze mittels Fluor jas, Basel, 1927. 

* H. Rose, Pogg. Ann., 24. 139’, 1832; 39. 173, 1836; N. W. Fischer, ih., 16. 119, 1829; 

V. Cupr, Bpisy Vydavante Prirodovedeckoiv Fakulton 31asarykovy Univ., 63, 68, 1926 ; Mec. 
Trav. Chim. Pays-Bas, 47. 55, 1928 ; A. Geuther, Liebig's Ann., 109. 71, 1859 ; M. Branlt and 
A. B. Poggiale, Journ. Pharm. Chim., (2), 21. 137, 1835 ; A. Biissy, ib., (2), 10. 202, 1823 ; Ann. 
Chim. Phys., (2), 26. 63, 1824 ; A. F. de Fourcroy and L. N. Vanquelin, ib., (1), 24. 229, 1797 ; 
Nicholson's Journ., 1. 313, 364, 1797 ; R. H. Adie, Proc. Chem. Boc., 15. 132, 1899 ; Chem. News, 
79. 261, 1899; J, W. Bobereiner, Bchweigger's Journ., 13. 481, 1815 ; F. G. Vogel, ib., 4. 121, 
1812 ; A. Vogel, Journ. prakt. Chein., (1), 4. 232, 1835 ; E. Moles, Anal. Fis. Quim., 13. 134, 1915 ; 
A. Hilger, LObig'sAnn,, 171. 211, 1874. 

^ E. C. Franklin and G. A. Kraus, Amer. Chem. J ourn., 20. 820, 1900 ; J. B. van der Plaats, 
Ber., 10. 1507, 1877 ; G. Lnnge, ib., 18. 1391, 1885 ; 19. Ill, 1886 ; Journ. Boc. Chem. Ind., 4. 
447, 1885 ; A. H. Allen, ib., 4. 178, 1885 ; G. Lunge and E. Weintraub, Zeit. angew. Chem., 12. 
393, 417, 1899 ; T. Bayley, Chem. News, 53, 6, 1886 ; F. Hettlefold, ih., 55. 28, 1887 ; C. G. A. van 
Borp, Chem. Weehbl., 8. 269, 1911 ; Zeit. phys. Chem., 73. 284, 1910 ; J. Kolb, JDingler's Journ., 
209. 268, 1873 ; A. Graire, Compt. Mend., 179. 397, 1924 ; 181. 178, 1925 ; A. Marshall, Explosives. 
London, 123, 1917 ; A. V. Saposchnikoff, Journ. Muss. Phys. Chem. Boc., 36. 518, 1904; Zeif. 
phys. Chem., 49. 697, 1904 ; 51. 609, 1905 ; A. Christoff, ib., 55. 622, 1906 ; J. Kendall, Journ. 
Amer. CheTn. Boc., 43. 1545, 1921 ; W. B. Markownikoff, Ber., 32. 1441, 1^99 ; 35. 1584, 1902 : 

W. G- Holmes, Jouim. Ind. Eng. Chem., 12. 781, 1920 ; R. Weber, Pogg. Ann., 130. 277, 1867 ; 

C. A. Winkler, Zeit. Chem., (2), 6. 715, 1869 ; C. B. Carpenter and A. Lehrman, Trans. Amer. 
Inst. Chem. Eng., 27. 36, 1925 ; C. W. Hasenbach, Journ. prakt. Chem., (2), 4- 1, 1871 : 
O. F. Tower, Zeit. anorg. Chem., 50. 382, 1906 ; 0. Bohr, ib., 71. 47, 1910 ; A. Sanfourche and 
L. Rondier, Bull. Boc. Chim., (4), 43. 815, 1928. 

® A. Oppenheim, Bull. Boc. Chim., (2), 1. 163, 1864 ; A. Prinvault, Compt. Mend., 74, 
1249, 1872; O. Gerhardt and L. Chiozza, ib., 36. 393, 1853 ; J. Pelouze, Ann. Chim. Phys., (2). 



SULPHUE 


MS 


50 S3, 1832 ; P- N. llaikow, (Jhem. Zlg.^ 29. 900, 1905 ; A. W. Williamsou, Proc, Roy. >S'oc., 7. 
11* 1856 ; R. H. Adic, Proc. Ghem. Soc., 15. 133, 1809 ; A. Geuther, Bcr., 5. 925, 1872 ^ 

H. ^Rose, Pogg. Ann., 24. 139, 1834, 

’ 7 B. H. Adie, Proc. Chem. Soc., 15. 132, 1899 ; Ghem. News, 79. 261, 1899 ; M. Berthelot, A-n/i. 
CUm. Phys., (7), 14. 206, 1898 ; (7), 17. 289, 1899 ; CompL Rend., 50. 805, 1860 ; 68. 540, 1869 ; 
82. 185, 1876 ; 127. 908, 1898 ; 128, 334, 1899 ; J. Thoulet, Com^pi. Rend., 99. 1072, 1884 ; 100. 
1002, 1885 ; A. Bamienti, ib.y 175. 585, 1922 ; A. Vcrneuil, ib., 118. 195, 1894 ; 132. 1340, 1901 ; 
E. H. L. Vohl, Dmglefs Jourti., 212. 518, 1874 ; A. Christoff, Zeit. phys. Chem., 55. 622, 1906; 
N*. Schiloff and S. Pewsiier, ih., 118. 361, 1926 ; J. Milbaiier, Ghem. Zig., 42. 313, 1918 ; K. Bo^de, 
g}U Sceptical Chymist, Oxford, 1661 ; M. Bubinin, Zeit. phys. Chem., 123. 86, 1926 ; S. G. P. Plant 
and N. V. Sidgwick, Journ. Soc. Chem. I ml., 40. 14, 1921 ; R. P. Anderson and C, J. Engeldei*, 
Journ. Ind. Jhig. Ghem., 6. 989, 1914 ; B. T. Brooks and I, Humphrey, Journ. Amer. Chem. Soc., 
40 822, 1918 ; J. V. Nef, Liebig's Ann., 318. 26, B)01 ; 8. Zeisel, %b., 191. 372, 1878 ; A. Wischne- 
gradsky, ib., 190. 328, 1877 ; A. Michael and A. Adair, Ber., 10. 585, 1877 ; A. Michael and 

B. F. Brunei, Amer. Chem. Jorirn , 41. 118, 1909 ; R. A. Worstall, ib., 20. 664, 1898 ; W. Muth- 

mann, Ber., 31. 1882, 1898 ; W. Bgli, ib., 8. 817, 1875 ; 8. 1477, 1875 ; H. I. Lagermarck and 
A. P. Eltekoff, ib., 10. 637, 1877 ; C. Stonhofer, ib., 174. 243, 1874 ; G. Heinzelmann, ib., 188. 
159, 1877 ; L. B. von Barthonau and C. Senhofer, ib., 8. 1477, 1875 ; G. JSchroter, ib., 31. 2189, 
1898; 303. 114, 1898 ; X>.‘NamQL,&iviiya,m, Jornm. Indian Ghem. Soc., 4. 449, 1927; 

I. M. Kolthoff, Zfit. JUektrochem., 33. 497, 1927 ; Rec. Trav. Chirn. Pays-Bas, 46. 549, 1927 ; 
H. Erdmann and P. Ivothner, Zeit. anorg. Chem., 18. 48, 1898 ; G. Monselise, Gazz. Chim. Ital., 
6. 136, 1876 ; A. Christoff, Zeit. phys. Ghem., 55. 622, 1906 ; 0. Bohr, ib., 71. 47, 1910 ; W. Gluud 
and G. Schneider, Ber., 57. B, 254, 1924 ; W. Lommel and R. Engelhardt, ib., 57. B. 848, 1924 ; 
L. R. Parks and P. C. Bartlett, Journ. Amer. Chem. Soc., 49. 1698, 1927 ; W. R. Ormandy and 
E. C. Craven, Journ. Soc. Ghem. Ind., 47. 317, T, 1928. 

® A. Villiers, Compt. Rend., 91. 124, 1880 ; 134. 1452, 1903 ; P. Chretien, ib., 141. 37, 1905 ; 

C. Maiiguin and L. J. Simon, ib., 169. 34, 1919 ; J. Gnynot and L. J. Simon, ib., 169. 655, 795, 
1919 ; E. W. 0. do Coninck and M. Raynaud, ib., 135. 1352, 1902 ; 136. 817, 1903 ; Rev. Gen. 
Ghim. AppL, 8. 61, 1905 ; A. Zaitachek, Zeit. phys. Chein., 24. 1, 1897 ; F. W. Bushong, Amer. 
Chem. Journ., 30. 212, 1903 ; H, Moyer, Monatsh., 24. 840, 1903 ; R. Kremaim, ib., 31. 245, 
1031, 1910 ; R. Krcmann and H. Neumann, ih., 31. 1051, 1910 ; R, Ki’cmaim and H. Honel, 
ih., 34. 1469, 1913 ; P. K, Evans and J. M. Albertson, Journ. Amer. Chem. Soc., 39. 456, 1917 ; 
P. N. Evans and L. M. Sutton, ib., 35. 794, 1913 ; B. T. Brooks and I. Humphrey, ib., 40. 822, 
1918; P. R. Roberts and G. AUemau, ib., 33. 391, 1911 ; J, Kendall and C. J). Carpenter, ib., 
36. 2498, 1914; M. L. Crossley and C. B. Ogilvio, ib., 39. 117, 1917 ; A. W. Porter, Trans. 
Faraday Soc., 14. 280, 1919 ; J. R. Pound, Journ. Chem. Soc., 99. 698, 1911 ; 121. 941, 1922 ; 

J. Walker and J. R. Appleyard, ib., 69. 1334, 1896 ; R. H. Adio and K. C. Browning, ib., 77. 
150, 1900 ; W. G. Prescott and S. Smiles, ib., 99. 640, 1911 ; T. P. Hilditch, ib., 99. 1091, 1911 ; 
S. Smiles and E. W. McClelland, ib., 121. 86, 1922; D. McIntosh, Journ. Amer. Ghem.. Soc., 
27. 1013, 1905 ; E. L. Whitford, ib., 47. 953, 1925 ; E, Archibald and D. McIntosh, Journ. 
Chem. Soc., 95. 919, 1904 ; M. Bergmaim and P. Radt, Ber., 54. B, 1652, 1921 ; A. Hantzsch, 
Zeit. phys. Ghem., 61-257, 1907 ; G. Oddo and E. Scandola, Gazz. Chim^Ital., 40. ii, 163, 1901 ; 
J. Milbauer and A. Nemec, Journ, pfakt. Ghem., (2), 99. 93, 1919 ; V. V. Tschelinceff and 
N. A. Kozloff, Journ. Russ. Phys. Chem. Soc., 46. 708, 1914; J. van Peski, Rec. Trav. Chim. 
Pays-Bas, 40. 103, 1921 ; R. A. Worstall, Amer. Ghem. Journ., 22. 164, 1899 ; J. W. Dobereiner, 
SchweiggePs Journ., 28. 107, 1820 ; J. J. Berzelius, ib., 80. 67, 1820 ; G. Fownes, Phil. Hag., 
(3), 24. 21, 1844 ; T. Everitt, ib., (3), 6. 97, 1839 ; M. Merk, Repert. Pharm., 68. 190, 1839 ; 
C. G. Wittstein, Viertelj. Pharm., 4, 615, 1854 ; H. Aschoff, Arch. Pharm., (2), 106. 257, 1860 ; 
A. W. Williamson, Mem. Chem. Soc., 3. 126, 1848 ; Liebig's Ann., 57. 226, 1846 ; D. Vorlander 
and A. JT. Perold, Liebig's Ann., 345, 288, 1906 ; P. G. ICronacker, Bull. Soc. Chim. Belg., 33. 
217, 1924; J. A. Christianson, Journ. Phys. Ghem., 28. 146, 1924 ; J. A. Wilson, Journ. Ind. 
Ftiq. Ghem., 18. 47, 1926 ; S. G. Mokrushin, Roll. Zeit., 37. 144, 1925 ; E.’J. Mills and J. Taka- 
mine, Journ. Chem. Soc., 43. 142, 1883 ; A. Lehrman, Journ. Amer. Inst. Chem. Mng., 18. 187, 
1926 ; W. W. Paddon, Journ. Phys. Chem., 33. 1107, 1929 ; V. Kubelka and J, Wagner, Roll. 
Zeit. 46. 107 1928 

»’f. R. Weber and E. Sauer, Ber., 25. 70, 1892 ; J. Hazard, Zeit anal. Chem., 14. 158, 1884. 
C. H. Sluiter, Chem. Weekbt, 3. 63, 1906 ; C. M. van Deventer, ib., 2. 137, 1906 ; R. H. Adie, 
Proc. Roy. Soc., 15. 132, 1899 ; Chem. News, 79. 261, 1899 ; T. D. Phipson, ib., 93. 119, 1006 ; 
G. J. Burch and J, W. Dodgson, ib., 69. 226, 1894 ; Proc. Ghem. Soc., 10. 84, 1894 ; M. J . Fordos 
and A. G6Hs, Journ. Pharm. Chim., (2), 27. 730, 1841 ; St. von Bogdandy and M. Polanyi, 
Naturwiss., 14. 1205, 1926 ; A. Bitte, Ann. Chim. Phys., (6), 19. 68, 1890 ; M. Berthelot, ib., 
(7), 14. 176, 1898 ; K. C. Sen, Journ. Phys. Chem., 31. 1841, 1927 ; R. Pictet, Compt Rend., 114. 
1245, 1892; P. NTeogi and R. 0. Bhattacharyya, Journ. Indian Chem. Soc., 6. 333, 1929 ; 
P. B. Schenck, Chem. Met. Bngg., 36. 676, 1929. 

A. 0. Schultz-Sellaok, Pogg. Ann., 139. 480, 1870 ; Ueber die wasserhaltigen und wasser- 
freien Sahe der Schwefelsdure, Gottingen, 1868 ; Bull. Soc. Chim., (2), 14. 154, 1870 ; Ber., 4. 
109, 1871 ; H. Lescoeur, Compt. Rend., 78. 1044, 1874 ; R. Weber, Ber., 17. 2601, 1884 ; E. Divers, 
Journ. Ghem. Soc., 47. 214, 1886 ; F. 0. R, Bergius, Ueber absolute Schwefelsdure als Ldsungsmittel, 
Weida i Th., 1907 ; A. fitard. Bull Soc. Chim., (2), 31. 200, 1879. 

N. Athanasescu, tJompL Rend., 103. 271, 1886. 



Mi 


INORGANIC AND THEORETICAL CHEMISTRY 


L. IStilson and 0. Pettersson, Wied. Ann,^ 4. 554, 1878 ; A. ]5tard, Cornet, Rend., 86. 
1399, 1878 ; 87. 60i2, 1878 ; F. E. Mallet, Joiirn. Ohem. 8oc., 77. 216, 1900 ,* 81. 1546, 1902 ; 
Cke7ii, News, 80. 300, 1899 ; G. 1^. WyroubofF, Bull. Soc. Mm., 14. 233, 1892 ; A. E. H. Tutton, 
Joiirn. Chem. Boc., 63. 337, 1893 ; 65. 628, 1894 ; 69. 344, 495, 507, 1896 ; 71. 846, 1897 ; 83. 
1049, 1903 ; 87. 1123, 1905 ; Phil. Trans., 192. A, 455, 1899 ; Proc. Roy. Soc., 66. 248, 1900. 

A. Eecoura, Gom^L Betid., 137. 118, 1903 ; E. Baud, ib., 137. 492, 1903 ; E. H. Adie, 
Journ. CJmn. Soc., 55. 157, 1889 ; E. E. d’Arcy, ib., 55. 155, 1889 ; B. W. Gerland, Ber., 10. 
513, 1877 ; 11. 98, 1878 ; Chem. News, 37. 11, 127, 138, 1878 ; F. Eeich, Journ. praU. Chem , 
(1), 90. 176, 1863 ; V. Merz, ih., (1), 99. 179, 1866 ; A. C. Schultz-SeUack, Pogg. Ann., 139. 480, 
1870; Ueber die wasserhaltigen und wasserfreten Salze der Schwefelsdure, Gottingen, 1868; 
Bull. Soc. GUm., (2), 14. 154, 1870 ; Ber., 4. 109, 1871. 

G. C. A. van Borp, Rec. Trav. Chirn. Pays-Bas, 42. 765, 1923 ; Zeit. pTiys. Chem., 73. 284, 
289, 1910 >; 86. 109, 1913 ; H. W. Foote, Jo&rn. Ind. JEng. Chem., 10. 896, 1918 ; 11. 629, 1919 ; 
A. D. Bonk, Chem. WeekbL, 13. 92, 1916. 

IS W. Starkoff, Virchoio^s Arch., 52. 464, 1873 ; F. C. Calvert, Proc. Boy. Soc., 20. 187, 1872 ; 
Chem. News, 25. 151, 157, 1872; Co7npi. Rend., 75. 1015, 1872; C. T. Kingzett, Journ. Soc. 
Chem. Ind., 6. 702, 1887 ; P. Ivliquel, Monit. Scient., (3), 14. 170, 1884 ; N. Sieber, Journ. praJct. 
Chem., (2), 19- 433, 1879; W. 0. von Leube, Wivrtternberg. Jahresb., 33. 51, 1877 ; M. M. Hay- 
duck, Biedetmann's Centr., 208, 635, 1882; A. Robertson and A. J. Wijnne, Pharm. Weehbl., 
43. 415, 1906; R. Cbristison, A Treatise on Poisons, Edinburgh, 1830; H. Weiske, Journ. 
Landimrihschaft, 35. 417, 1887 ; R. Robert, Lehrbuch der Intoxicatiorien, Stuttgart, 1893. 

P. Harting, Journ. praM. Chem., (1), 22. 47, 1841 ; Bull. Science Nderl., 164, 1840 ; F. Jack- 
son, Journ. Amer. Chem. Soc., 25. 992, 1903 ; T. G. Wormley, Chem. News, 2. 181, 193, 1860 ; 
The Microchemistry of Poisons, New York, 1867 ; J. W. Mellor, A Treatise on Quantitative 
Inorganic Analysis, London, 610, 1913 ; C. R. Fresenius, Anleitung zxt/r qualitativen chemischen 
Analyse, Braunschweig, 1843 ; G. Beniges, Bull. Soc. Chim., (4), 23. 36, 1918 ; G. von Knorre, 
Chem. Ind., 28. 2, 1905 ; Chem. Ztg., 34. 405, 1910 ; Zeit. anal. Chem., 49. 469, 1910 ; J. L. Las- 
saigne, Journ. CMm. Med., 8. 522, 1832. 


§ 33. Pyrosulphuric Acid and the Pyrosulphates 

The chemical individuality of solid pyrosulphuric acid, H2S2O7, is confirmed 
by the f.p. curve, Fig. 77; by the analyses of J. C. G. de Marignac,i A. C. Schultz- 
Sellack, and E. Weber ; and by the existence of a series of salts. The constitution 
of the acid was discussed in connection with sulphuric acid from which it appears 
that the ordinary acid is to be regarded as a meta-conapound, say metadisulphuric 
acid. The impure acid associated with more or less sulphur dioxide, or even pyro- 
sxilphuric acid itself, is included among the fuming sulphuric acids (q.v.). 

Pyrosulphuric acid is formed when incompletely dehydrated ferrous sulphate 
or sodium p3n:osulphate is heated to redness : 4FeS04+H20=H2S207+2S02 
+2Fe203. A. C. Schultz-Sellack made it by mixing fused sulphur trioxide with 
the correct proportion of sulphuric acid. J, C. G. de Marignac said that this acid 
crystallizes from cone, fuming sulphmic acid at ordinary temp., or, according to 
E. Mitschexlich, at 0°. After many recrystallizations, the crystals were found by 
J. C. G. de Marignac, and A. C. Schultz-Sellack to melt at 35° ; E. Auerbach gave 
32*55° ; and E. Knietsch, 36° for the m.p . — vide Fig. 77. E. Auerbach found the 
mean sp. ht. of the liquid to he 0*294 ; the heat of fusion 17*9 Cals. ; and the mol. 
lowering of the f.p. 10*5°. According to A. C, Schultz-Sellack, the dry crystals 
do not exert an appreciable vap. press, of sulphur trioxide, and are not decomposed 
by dry air. The molten acid is very liable to undercooling, but the undercooled 
liquid, at ordinary temp., does show an appreciable vap. press, of the anhydride ; 
and at a higher temp, it dissociates into sulphur trioxide and sulphuric acid. ’ This 
indicates that the acid dissociates when fused. J. Thomsen gave 26*9 Cals, for the 
heat of soln. of JH2S2O7~l-1600H2O. In the electrolysis of pyrosulphuric acid with 
aluminium electrodes with a current of 200 volts and 200 ohms external resistance, 
B. G, Cobh found that when the current was cut ofi, and the apparatus was placed in 
the dark, sulphur trioxide is disengaged in the cold and, unlike the case with sulphuric 
acid (q/o.), sparking ceased after 14 minutes. For the alleged hydrates of pyro- 
sulphuric acid, vide suqrra, the hydrates of sulphuric acid. 

A. C. Schultz-Sellack found that selenium dissolves in pyrosulphuric acid and 
is at the same time slightly oxidized, the green soln. gradually turns yellow. Tel- 
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lurium behaves similarly, forming a red soln. which gradually turns brown. Accord- 
ing to E. Divers and T. Shimidzu, copper and mercury dissolve in pyrosulphuric 
acid when the mixture is treated with water, the sulphates are precipitated, and 
the liquid holds sulphur dioxide in soln. ; copper forms cuprous sulphide and some 
cupric sulphate ; tin produces a blue soln. presumably owing to the formation of 
the hemitrioxide and stannous sulphate. The blue colour is discharged when the 
liquid is diluted. For other properties, vide fuming sulphuric acid. 

H. Rose 2 found that powdered ammonium sulphate slowly absorbs a little 
vapour of sulphur trioxide, forming a product which melts when heated, and then 
decomposes like ammonium hydrosulphate {q.v.), H. Schulze made ammonium 
pyrostdphate, (NH4)2S207, by treating ammonium sulphate with liquid sulphur 
trioxide and afterwards driving off the excess of trioxide by warming the product 
on a water-bath ; he also prepared the same compound by the action of chloro- 
sulphonic acid on ammonium sulphate : ClHS03-t~(NH4)2S04=(NH4)2S207-f-HCL 
The product was heated to drive off the excess chlorosulphonic acid, iDut not 
enough for fumes of sulphur trioxide. The cooling of the molten mass furnishes a 
crystalline mass which is never quite free from chlorine. This method was used 
by H. Schiff for the potassium salt. Ammonium pyrosulphate cannot be prepared 
by heating the hydrosulphate, though the method is applicable to the alkali pyxo- 
sulphates, although J. Baum found that if the ammonium hydrosulphate be heated 
in vacuo to 260°-320®, it forms the pyrosulphate — ^at atm. press., the pyrosulphate 
would decompose. Ammonium pyrosulphate can be melted without decomposition, 
and on cooling it forms a white, crystalline mass ; it rapidly deliquesces in air, and 
the resulting liquor deposits crystals of the hydrosulphate. 

According to D. A. Rosenstiehl, sodium psrrosulphate, l:Ta2S207, remains as a 
residue in the preparation of pyrosulphuryl chloride by the action of anhydrous 
sulphuric acid on sodium chloride, and M. Dietzenbacher said that this salt occurs 
in some varieties of commercial fuming sulphuric acid. R. Weber observed that 
when sodium sulphate is treated with sulphur trioxide above 150®, polysulphates 
are not formed, and sodium pyrosulphate appears ; some pyrosulphate, mixed 
with sulphate, is also formed when sodium hydrosulphate is heated to 315®, and 
J. Baum obtained it by heating the hydrosulphate in vacuo at 260°-320® : 
2NaHS04=H20+Na2S207. H. Schulze prepared the salt by the action of an 
excess of chlorosulphonic acid on sodium sulphate and subsequently distilling off 
the excess of acid. A. C. Schultz-Sellack said that this salt is formed, accompanied 
hy the hydrosulphate, when a soln. of normal sulphate in fuming sulphuric acid 
is allowed to crystallize. L. Camhi and Gr. Bozza said that only direct synthesis 
from anhydrous sulphates and sulphur trioxide furnishes the pure salts. The 
dehydration of the hydrosulphate does not proceed to completion, even under 
reduced press,, or in a current of sulphur trioxide vapour. Sodium pyrosulphate, 
continued L. Camhi and G. Bozza, forms lustrous, translucent, white crystals of 
sp. gr. 2-658 at 25®/4®, and m.p. 400*9®. In moist air, the salt soon forms a cone, 
soln. of sodium hydrosulphate. A. C. Schultz-Sellack found that at a red-heat 
sodium pyrosulphate gives off sulphur trioxide, forming the normal sulphate. 
R. Rohl ohserv^ no fluorescence with the salt in ultra-violet light. The system 
Na2S207.H20-Na2S207, or (!N'aHS04)2H — ^N'a2S207, is very liable to supercooling. 
The eutectic at 182-7® contains 6*8 molar per cent, of the pyrosulphate, Fig. 100. 
The hydrosulphate melts at 185-7®. The pure pyrosulphate, and all mixtures 
containing it in greater proportion than 10 per cent., are greenish-yellow when 
liquid. A. C. Schultz-Sellack was unable to prepare sodium JiydrosulvTiate, 
NaHS207. 

D. A. Rosenstiehl obtained potassium pyrosulphate, K2S2O7, as in the analogous 
case of the sodium salt. • A. C. Schultz-Sellack prepared the salt by heating to dull 
redness a mixture of equimolar parts of potassium sulphate and sulphuric acid. 
The combination occurs at 400° in a current of air. P. L. Geiger, and V. A. Jacque- 
lain also obtained potassium pyrosulphate by the action of cone, sulphuric acid on 
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potassium sulpliate or nitrate. H. Rose said that sulphur trioxide does not unite with 
potassium sulphate at ordinary temp., but A. C. Schultz-Sellack did not agree with 
this, he found it better to work at a higher temp., and M. Berthelot recommended 
180®. J. Baum obtained the salt as in the analogous case of sodium pyrosulphate ; 
and H. Schiff, by the action of chlorosulphonic acid on the sulphate, or of potassium 
chlorosulphonate on the hydrosulphate : K1IS04+C1KS03~HC1+K2S207. 

A. C. SchultZ'Sellack found that potassium p3rrosulphate furnishes acicular crystals 
of sp. gr. 2*277, and m.p. 300®. V. A. Jacquelain gave 210® for the m.p. ; while 
L. Cambi and G. Bozza said that the salt crystallizes in transparent, colourless 
prisms of sp. gr. 2*512 at 25®/4®, and m.p. 414*2®. On cooling, the solid undergoes 
a polymorphic transformation from y-K2S207 to JS-K2S2O7 at 315®, Fig. 101, forming 
an opaque, porcelainic mass ; a second transformation from j8-K2S207 to a-K2S207 
can be detected thermally at 225®. The a-form is the stable variety below 225®. 
Both changes are frequently accompanied by marked xmdercooling, and usually 
proceed slowly. The molten salt solidifies to a crystalline mass. V. A. J acquelain 
said that the hot, sat., aq. soln. deposits crystals of the salt unchanged, hut 
A. C. Schultz-Sellack could not confirm this statement. L. Cambi and G. Bozza 
found that tbe system K2S207.H20-‘K2S2^73 (KHS04)2-K2S207, forms a eutectic 
at 201*2® and 14 molar per cent, of the pyrosulphate, Fig. 101. The polymorphic 
transformations of the pyrosulphate in the mixtures may escape detection owing 




Fig. 100. — ^Freezing-point Curve of the Fig. 101. — ^Freezing-point Curves of the 
Binary System : Na2S207~(NaHS04)j5. Binary System : K2Sa07-(KHS04)2. 


to the sluggishness of the changes at low temp. M. Berthelot found that when 
the salt is dissolved in water, heat, 1*19 Cals, per mol, is first absorbed, and 5-6 
minutes later, heat, 0*58 Cal. per mol, is given off due to the pyrosulphate decom- 
posing into the hydrosulphate. The heat of formation, (K2S04,S03)=13 Cals. ; 
and the heat of hydrolysis, H2O+K2S2O7=2KHSO4-j-4*30 Cals. E. Drechsel 
said that the pyrosulphate reacts with the hydrosulphide, forming hydrosulphate 
and thiosulphate : KSH+K2S207~K2S203+KHS04 ; with sodium ethoxide, 
potassium ethyl sulphate is formed. According to A. C. Schultz-Sellack, a soln. 
of the pyrosulphate in cone., fuming sulphuric acid deposits columnar crystals 
of potassium hyaropyrosulphate, EIHS2O7, which melt at 168®; a crystalline 
mass is formed when the liquid cools. This salt does not fume in air, and is not 
decomposed in a current of air. 

According to R. Bunsen, and H. Erdmann, when rubidium hydrosulphate is 
melted at dull redness, some rubidium pyrosulphate, Rb2S207, is formed ; and 
R. Weber obtained the salt by heating the polysulphate — R. Weber prepared csesium 
pyrosulphate, CS2S2O7, in a similar manner. R. Weber obtained silver pyrosulphate, 
Ag2S207, by heating a mixture of molar proportions of silver sulphate and sulphur 
trioxide in a sealed tube until the mixture had melted. H. Schulze said that the 
salt can be melted without decomposition. He also prepared calcium pyro- 
sulphate, CaS207, by adding finely-divided calcium sulphate to melted sulphur 
trioxide. The product is very hygroscopic, and by contact with water producp 
a hissing noise. The analogous strontium pyrosulphate, SrS207, was prepared in 
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a similar way ; and likewise also Ibaiium P3nC0SllI|Jliate^ BaS207. Tkis salt was 
obtained by H. Struve by evaporating for crystallization a soln. of 15*89 parts 
of barium sulphate in 100 parts of fuming sulphuric acid ; and by A. 0. Schultz- 
Sellack, by triturating a mixture of the two components, and warming the product 
up to 150'^- 

H. Schulze prepared magnesium pyrosulphate, MgS207, by the method used 
for the calcium salt ; and likewise also sdnc pyxosulpliatej ZnS^Oy. R. Weber 
prepared thallous pyrosulphate, TI 2 S 2 O 7 , by heating the octosulphate to its m.p. 
H. Schulze prepared lead P3rrosulphate, PbS207, as in the case of the calcium salt. 
H. Pitz and E. Kanhauser said that probably this salt is present in a soln. of lead 
sulphate in fuming sulphuric acid. J. J. Berzelius obtained crystals of uranyl 
pyrosillpliate, (U02)S207, from a sulpburic acid soln. of uranyl sulphate, and 
A. C. Schultz-Sellack mixed liquid sulphi r trioxide with a soln. of uranyl sulphate 
in an excess of cone, sulphuric acid, and found that after some time small, yellow 
crystals of uranyl pyrosulpjiate separate out. The salt is very hygroscopic, and 
hisses in contact with water. T. Bolas reported ferrous pyrosulpliates FeS207, 
to be formed when 10 per cent, of a sat. soln. of ferrous sulphate is added to sulphuric 
acid. As the mixture cools, a white powder is precipitated. This consists of 
microscopic, prismatic crystals resembling those of Glauber’s salt. When exposed 
to air, the crystals absorb water, forming minute, green, granular crystals re- 
sembling ferrous sulphate, but the analysis of which was said to correspond with 
FeS04.6H20 — presumably all had not been hydrated to the heptahydrate. When 
ferrous pyrosulphate is treated with water, it is converted into heptahydrated 
ferrous sulphate which then passes into soln. 
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636, 1885 ; J. Thomsen, Ber., 6- 713, 1873 ; E. Mitscherlich, Lehrbuch der Ghemie, Berlin, 1829 ; 
R. Knietsch, Ber., 34. 4069, 1901 ; B. G. Cobb, Ghem. News, 90. 26, 1904 ; R. Auerbach, 2eif. 
fhys. Ghem., 121, 337, 1926 ; J. Meyer and V. Stateezny, Zeit. anorg. Ghem., 122. 1, 1922. 

2 H. Rose, Pogg. Ann., 38. 122, 1836 ; H. Schiff, Liebig's Ann., 126. 168, 1863 ; H. Schulze, 
Ber., 17. 2705, 1884 ; R. Weber, ib., 17. 2501, 1884 ; J. Baum, ib., 20. 752, 1887 ; German Pat., 
D.P.P. 40696, 1887 ; A. C. Schultz-Sellack, Ueber die wasserhaUigen und wasserfreien Salze der 
Schwefelsdure, Gottingen, 1868 ; Bull. Soc. Ghim., (2), 14. 154, 1870 ; Ber., 4. 109, 1871 ; Pogg. 
Ann., 139. 480, 1870 ; H. Struve, Zeit. anal. Ghem., 9. 34, 1870 ; M. Bietzenbacher, Gompt. 
Pend., 81. 126, 1865 ; I). A. Rosenstiehl, ib., 53. 658, 1861 ; P. L. Geiger, Mag. Pharm., 9. 251, 
1825 ; V. A. Jacquelain, Ann. Ghim. Phys., (2), 70. 311, 1839 ; M. Berthelot, ih., (4), 30. 433, 
1873 ; E. Drev isel, Journ. prakt. Ghem., (2), 5. 367, 1872 ; R. Robl, Zeit. angew. Ghem., 39. 
608, 1926; R. Bunsen, Pogg. Ann., 113. 337, 1861; 119. 1, 1863; Liebig's Ann., 122. 347, 
1862 ; 124. 367, 1863 ; H. Erdmann, Arch. Pharm., 232. 15, 1894 ; H. Pitz and P. Kanhauser, 
Zeit. anorg, Ghem., 98. 136, 1916 ; T. Bolas, Journ. Ghem. 8 oc.,^ 212, 1874 ; L. Cambi and 

G. Bozza, Ann. Ghim. AppUcata, 13. 221, 1923 ; J. J. Berzelius, Pogg. Ann., 1. 359, 1824 ; 
Schweigger's Journ., 191, 1825. 


§ 33, Polysulphates 

Some complex salts of the alkali sulphates and hydrosulphates with sulphuric 
acid have been previously discussed — 2. 20, 26. R. Weber ^prepared ammonium 
octosulphate, (NH4)20.8S03, or (NH4)2Sg025, by heating dry ammonium sulphate 
and dry sulphur trioxide in a sealed tube. Combination begins at about 100% 
and two layers of liquid are formed. If the components be heated in one limb of 
a A “tube, the excess of sulphur trioxide can be distilled from the one limb to the 
other. R. Weber did not succeed in making lithium octosulphate, because of the 
insolubility of lithium sulphate in molten sulphur trioxide ; and similarly with 
sodium, oclosulphate ; but potassium octosulphate, obtained as in 

the case of the ammonium salt ; but the cryst-iUine product can be more readily 
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purified by pouring ofi the liquid trioxide, melting tbe crystals, and again pouring 
ofi tlie liquid from tbe crystals, and repeating the operation a number of times. 
The salt melts at about 80°, and it slowly decomposes at the b.p. of sulphur trioxide, 
forming the pyxosulphate and sulphur trioxide. R. Weber obtained in a similar 
manner niMdinm octosulphate, EbaO.SSOs, ceesinm octosnlpbate, CS2O.8SO3, and 
thaUinm pyrosnlphate, TI2S2O7. E. Divers said that these polysulphates are 
analogous to hydrated salts. 

According to W. B. Giles and co-workers, the acid sulphates obtained in the 
manufacture of hydrochloric, nitric, and acetic acids are capable of combining 
with more sulphuric, forming sodium pentasulphate, Na2O.5SO3.8H2O. The dry 
solid is capable of being transported in ordinary packages — ^iron drums or kegs. 
H. Neuendorf also reported polysulphates to be formed by heating alkali hydro- 
sulphates with sulphuric acid. Analogous salts were reported by A. C. Schultz- 
Sellack, and H. Lescoeur. The last-named reported tetrasulphates of the type 
E2O.4SO3.6H2O ; 3R2SO4.H2SO4 ; and R2SO4.3RHSO4 ; as well as the trisul- 
phates, 2R2Sb4.H2S04, and the heptasulphates, 4R2SO4.3H2SO4 — vide 2. 20, 26 . 
A. fitard’s series of double salts of iron with aluminium, chromium, or manganese, 
or of chromium with aluminium or manganese, or of aluminium with manganese, 
are discussed in connection with iron, chromium, and manganese. Using A and B 
to represent the tervalent atoms, A. Etard represented what he called hexa» 
sulphates by the f ormulse : 


A2(S04)eBo HS04.A2(S04)5B2.HS04 

S. M- Jorgensen ^ prepared complex cobalt polysulphates, cobalt chloro- 
pentaniminosulphatodihydrosulphate, which H. Biltz and E. Alcfeld symbolize 
[CoC1(NH3)5]2S03(HS04)2. a. Benrath described [(NH3)5CoCl4]4(S04)4(H2S04)3, 
or cobalt cMoropentamminodibydrosulphate, [Co(NH3)5Cl](HS04)2 ; and J. Meyer 
and co-workers, cobalt bisdiethylenediaminosulphates, [Co{CoH4(NH2)2}3](HS04)3; 
[Co{C2H4(NH2)2}3](S04)(HS03) ; [Co{C 2H4(NH2)2}3]2(S04)3 ; [(NH3)5CoCl](HS04)2 : 
[(NH3)4Co(H20)(S04)2]2S94 ; [(NH3)4Co(H 20)(S04)]C1, which are of the nature of 
ordinary types of amminosulphates or hy(&osulphates. 


Befbbences. 

1 B. Weber, Ber., 17. 2501, 1884 ; E. Birers, Journ. Chem. Soc„ 47. 214, 1885 ; A. tiaid'. 
Bull, Soc. Chim., (2), 31. 200, 1879 ; W. B. Giles, F, G. A. Boberts, and A. Boake, Brit. Pat. No. 
11979, 1890 ; A. Boake and F. G. A. Boberts, ib., 5882, 1885 ; H. Neuendorf, German Pat, 
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§ 34 . Sulphur Heptoxide, and Persulphuric Acids 

M. Berthelot^ passed the silent electrical discharge through equal vols. of dry 
sulphur dioxide and oxygen, when a portion of the gas formed what he called 
Vacide persulfurique or sulphur heptoxide, S2O7, by a reaction which he symbolized : 
2802+202=8207-4-0. Sulphur trioxide and oxygen under similar conditions 
form the same product. In both cases, a great excess of oxygen is necessary. Cone, 
sulphuric acid under these conditions unites neither with oxygen nor ozone. 
A- Moser and N. Isgarischefi represented the reaction S02+|02=S03, and 
2803+102=8207- 6. BailleuI also represented the heptoxide by the action of 
a silent discharge on a mixture of sulphur dioxide and oxygen. M. Berthelot 
said that sulphur heptoxide is a viscid liquid at ordinary temp., and at 0°, forms 
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opaque, elastic, needle-like crystals, resembling those of siilplinr trioxide, along 
with small scales and granules. Traces of water, nitric acid, nitroxylsulplionic 
acid, and salts from the glass vessel may retard or prevent crystallization. The 
heptoxide melts at O'", and it exerts a marked vap press, at Kf''; it can be readilv 
sublimed. The heat of formation is (2803,0)::=— 13‘8 Cals. ; (2S,70,Aq.)--=l26-6 
Cals. ; and (2SO,^O)=50-6 Cals. 

According to M. Berthelot, the sulphur heptoxide can be kept at 0° for many 
days without change, but after some time it slowly forms sulphur trioxidc and 
oxygen ; if warmed, the change takes place quickly ; and when in contact with 
platinum-black, it develops oxygen, 28oO 7 =4803+00. The heptoxide deliquesces 
in air, and forms dense fumes owing to the conversion of the vapour of the heptoxide 
into sulphuric acid. G. Bailleul said that the heptoxide is a mixture of equimolar 
proportions of sulphur trioxido and sulphur tetroxide which has an appreciable 
vap. press, below one mm. of mercury at temp, below 20°. It is formed only when 
sulphur trioxide is present in excess. By passing mixtures of sulphur dioxide and 
oxygen through a silent discharge tube, F. Meyer and co-workers obtained a product 
SO2.2SO4, and they believe that it should be possible to obtain a still higher 
degree of oxidation— iJiz. sulphur tetroxide, SO4. 

M. Berthelot’ said that the heptoxide dissolves in water vigorously with frothing 
owing to the liberation of oxygen. When a soln. of the heptoxide in dil. 
sulphuric acid is kept for some time, appreciable quantities of hydrogen dioxide 
are formed. With sulphur dioxide, dissolved in cone, sulphmic acid, it forms 
sulphur pentoxide, S2O5, and trioxide : 8207+2802=2803+8205 ; with baryta- 
water, barium sulphate is precipitated, and some barium persulphate remains in 
soln. The aq. soln. of the heptoxide which escapes decomposition acts as a 
powerful oxidizing agent on potassium iodide, sulphurous acid, ferrous sulphate, 
stannous chloride, etc. M. Berthelot added that, unlike hydrogen dioxide, an 
aq. soln. of the heptoxide does not oxidize arsenites, oxalic acid, and chromic 
acid. F. Richarz, however, said that a soln. of the heptoxide in 70 per cent, 
sulphuric acid does oxidize oxalic acid to carbon dioxide, and any nitrogen 
dissolved in the liquid to nitrogen trioxide. 

M. Traube at first thought that in the electrolysis of 40 per cent, sulphuric acid 
{q.v.), a substance corresponding with SO4 is produced, but M. Berthelot, and 
subsequently H. Marshall, showed that the anhydride is really the heptoxide. 
M. Traube called his imaginary substance sulphur holoxide, on the assumption 
that it is sulx)hur trioxide in which one oxygen atom is replaced by the bivalent 
02-radicle ; or, it can be regarded as hydrogen dioxide in which the two hydrogen 
atoms are replaced by the bivalent S02-radicle, suljphuryl peroxide, 802^02* As 
previously indicated, the alleged sulphur holoxide turned out to be a mixture of 
hydrogen dioxide and sulphur heptoxide. Mendeleeff regarded the heptoxide 

as a peroxide analogous to barium ox hydrogen dioxide, and he called it sulphury I 
liyperoxide, or sulphur hyperoxide. 

Sulphur heptoxide can be regarded as persulphuric anhydride because it reacts 
with water, forming persulphuric acid, H2S2O8 : say H20+S207=H2S208. 

M. Berthelot said that the same acid is formed by the action of hydrogen dioxide 
on sulphuric acid containing approximately H2SO4+H2O. It is also formed when 
cone, sulphuric acid acts on some of the superoxides. It is, however, possible that 
the product is not the same persulphuric acid as that just indicated, but rather 
another variety which is called permonosulphuric acid, H2S05,/to distinguish it 
from the other acid which with the same nomenclature is called perdisulphuric 
acid, H282O8. Permonosulphuric acid is also called Caro’s acid, H2SO5, because 

N. Caro^ first showed that the product of the electrolysis of dil. sulphuric acid which 
M. Traube found was different from that obtained with the cone, acid, must be due 
to the presence of a different chemical individual. The ratio of the contained H2BO4 
to that of active oxygen in the case of perdisulphuric acid is 2 : 1, and in the case of 
permonosulphuric acid, 1:1. Again, while perdisulphuric acid slowly separates 
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iodine from potassium iodide, with permonosulpliuric acid, iodine is separated 
immediately. 

It has been shown— 1. 3, 6— that the electrolysis of very dil. sulphuric acid 
furnishes hydrogen and oxygen in the proportions 2 : 1 by vol. If the concentration 
of the acid is increased, a smaller and smaller proportion of oxygen is formed, 
until, with 50 per cent, sulphuric acid, in the cold, the volume of" oxygen is insig- 
nificant. M. Faraday was impressed with this fact in 1834 ; and H. Meidinger, 
C. F. Schonbein, E. Bunsen, A. W. Hofmann, and A. Rundspadcn observed that 
at the same time, the electrolyte acquired peculiar properties — e.g. it will oxidize 
antozone, and hydrogen dioxide.' B. C. Brodie, however, showed that hydrogen 
dioxide is not formed because the liquid with chromic acid or potassium per- 
manganate does not give the reactions characteristic of hydrogen dioxide ; but 
since the warm liquid bleaches indigo soln., and oxidixes potassium ferrocyanide, 
he said that a peroxide must he present, and, by analogy with organic peroxides, 
lie suggested that the product which is formed at the anode is peroxidized sulphuric 
acid, H2SO5. H. McLeod, and M. Berthelot confirmed these results, and the 
latter called the product Vacide sulfur ique by analogy with permanganic and 

perchloric acid. He assigned to it the formula HSO4 ; and considered it to he 
related to the sulphur heptoxide which he had prepared as acid and anhydride : 
S2O7 + Ho 0==2HS04. M. Berthelot showed that at a certain stage in the electrolysis 
of sulphuric acid, V acide ^ersulfurique tends to produce a combination with hydrogen 
dioxide which he represented by S2O7.2H2O2* F. Eicharz thought that the hydrogen 
dioxide was produced by the oxidation of water by the persulphuric acid. The 
soln. of M. BertheloFs S2O7.2H2O2 slowly liberated iodine from potassium iodi4e, 
whereas the soln, containing HSO4 liberated the iodine from potassium iodide 
immediately. As indicated in connection with the electrolysis of sulphuric acid, the 
subject became rather confused because it was not recognized that at least two 
definite acids can be produced — ^permonosulphuric acid, and perdisulphuric acid. 
M. Berthelot's Vacide persulfurique is now known to be permonosulphuric acid, 
H2SO5, and his imaginary complex, S2O7.2H2O2, is known to be perdisulphuric acid, 
H2S2O8. The term persulphuric acid and persulphate usually apply respectively 
to perdisulphuric acid and the perdisulphates. The term persulphuric acid is 
commonly used for perdisulphuric acid, and also as a general term for all the 
persulphuric acids. W. C. Bray suggested calling the perdisulphates peroxydi- 
sulphates or simply per oxy sulphates ; and the permonosulphates, peroxyniono- 
sulphates — this would render it necessary to alter the naming of the peroxvsulphates 
—a. 22, 23. 

H, Marshall first supposed that the formula of perdisulphuric acid is HSO4 
because of the electrical conductivity of the potassium salt — 1 . 15, 13 — and this was 
confirmed by J. Walker. The acid, HSO4, was hence likened to permanganic acid, 
H]Mn04, perchloric acid, HCIO4. W. Ostwald’s values for the conductivity 
of potassium perchlorate were afterwards shown to be inaccurate, and the analogy 
broke down. On the other hand, E. Lowenherz showed that the factor repre- 
senting the number of individuals furnished by the ionization of a molecule of the 
salt — 1, 15, 10 — is 2*6 when calculated from the efiect of the potassium salt on the 
f .p., and 2-3 when calculated from the mol. conductivity. This is a closer approach 
to the value required for the mol. formula K2S2O8 than to that required for ICSO4. 
E. Lowenherz also found that the effect of sodium perdisulphate on the f.p. of 
sodium sulphate is in agreement with the formula Na2S208 and not with Na804. 
G. Bredig obtained confirmatory evidence from the mol. conductivity, and 
G. MoUer from the lowering of the f.p. These results are in agreement with the mol. 
formula K2S2OS for potassium perdisulphate, and with H2S2O8 for that of the acid. 
These formulse were accepted by H. Marshall in 1891. 0. A. Essin calculated 10“”^ 
cm. to be the distance between the charged sulphate ions which makes polymeriza- 
tion to persulphate possible. 

J. H: Eastle and A. S. Loewenhart represented perdisulphuric acid by the 
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formula H0.S205.0.01i, but tlie very slight acidity resulting from 0 , 0 H-radicles 
would probably make such an acid monobasic. P. U. IMelikolf and L. Pissarjewsky 
represented the acid by the formula HO.SO2O.O.SO2.OH analogous with the formulae 
for the pertungstatos and the perniolybdates, and on the assumption that t]i(‘ 
sulphur is quadrivalent. This agrees with a hydrogen dioxide structure in whicli 
the hydrogen atoms arc replaced by HSO/'-radicles. If the electrolytic process of 
forming perdisulphuric acid involves the anodic discharge and union of two H8O4''- 
ions, the successive stages can be symbolized (sulphur sexivalent) : 


O 

0 


>s< 


OH 

OH 


Sulpliuric acid. 



0 

OH 


Hydrosulphate ion. 


- 0 0 
Perdisulphuric acid. 


TMs agrees with the formation of perdisulphuric acid by the action of hydrogen 
dioxide on two eq. of ehlorosulphonic acid, observed by J. d’ Ans and W. Friederich — 
vide infra. M. Traube also regarded pcrmouosulphuric and perdisulphuric acids 
as derivatives of hydrogen dioxide in wliich the hydrogen atoms are successively 
replaced by the sulphonic HSOs-radicle : 

0-H O-SO 2 -OH O-aOj-OH O-SOj ^ 

6— H 6— H b-SOj-OH o— so^^^ 

Hydrogen dioxide. Caro's acid. Persulphuric acid. Sulphur heptoxide. 


The relations of the two acids with pyro- or di-sulphuric acid will appear from the 
supposed graphic formulae, based on the assumption that sulphur is sexivalent : 


SO 2 .OH O-SO^.OH O-SO^.OH 

^^SOa.OH O-SOs-OH OH 

Disidphuric acid. Perdisulphuric acid. Caro’s acid. 


T. M. Lowry and J. H, West studied the equilibrium subsisting between hydrogen 
dioxide and persulphuric acid in the presence of sulphuric acid and water. If the 
reaction be H202+HoS04^H2S0$+H20, the equilibrium condition from the law 
of mass action is where Cx> C2, Us, and represent the concentra- 

tions of the four components of the system ; similaHy, if the reaction be 
H202+2H2S04^H2S208+2H20, Gx04^=K2C202^ ; and if HgOg+dHaSO^ 

^H2S40i 4+4:H20, The corresponding values are : 



respectively. The corresponding curves are plotted in Fig, 102 . The curves 
corresponding with the equations for and Ko 
do not fit the observed data, whereas the results 
fit the curve for IQ very well. The slight de- 
viations are attributed to the' simultaneous for- 
mation of perdisulphuric acid, so that the equi- 
librium condition assumes the form Ci[C2 
==K2(C^IC^)^"}-K4 {CzIG^)^, where the constants 
A 2 =^* 63 , and ^ 4 = 10 - 96 . These important con- 
clusions have not been accepted, presumably 
because of the two objections : (i) The hydrogen 
dioxide was estimated by titration with perman- 
ganate, a process which was subsequently shown Per cenr persutfif/mc a;cyg-e/i 

to be untrustworthy under these conditions of Xi'ia. 102.-~Eelations between the 
the experiments ; and (ii) although equilibrium Concentrations of Sulpimric 
was obtained in cone, soln., the liquids were . Acid and the Persulphuric 
diluted before the titrations were made, thus in- Acids. 

troducing another equilibrium condition, H. Ahrle found no evidence of per- 
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tetrasulpliiiric acid in dil. soln. H. Palme assumed that the hydrolj^sis of 
pei'disulpliuric acid proceeds via the consecutive reactions : H2S2OS + H2O 
— H2S05-f~H2S04, with the velocity constant hp followed by HaSOg-fH^O 
=^H202-rH2S04, with the constant ^3. Both reactions are unimolecular and irre- 
versible. With increasing cone, of sulphuric acid, both velocity constants increased 
at a rote greater than the acid cone., but the ratio A^i/A‘3 remained constant, 39*8. 
No relation between the hydrogen-ion cone, and the velocity of reaction could be 
discovered, and the conclusion of M. 6. Levi and E. Migliorini, that the undissociated 
pexsulphuric acid, the presence of which would be favoured by increasing hydrogen- 
ion cone., is less stable than its salts, was not confirmed. The experiments were 
not carried far beyond the time after which oxygen begins to be evolved, through 
the reaction H2S20s-f-H302=2H2S04-f Og. This makes Caro’s acid a mono- 
sulphonic acid derivative of hydrogen dioxide. T. M. Lowry has discussed the 
electronic structure — mde supra, hyposulphurous acid. 

A. von Biiyer and V. Viliiger showed that permonosulphonic acid has a 1 : 1 
inoL ratio for sulphuric acid and active oxygen, H2SO4 : 0, and that this agrees 
with the ratio req^uired for M. Traube’s sulphuryl holoxide. T. S. Price showed 
that the action of the acid on potassium iodide is in agreement with A. von Bayer 
and Y. Yiliiger’a observations. A. Bach showed that although Caro’s acid when 
diluted does not reduce potassium permanganate, yet, undiluted, it rapidly 
decolorizes a soln. of the latter in cone, sulphuric acid ; the titration is sharply 
defined, and the whole of the oxygen of the persulphate is evolved together with 
that due to the permanganate. The view” that a catalytic decomposition of the 
(.'aro's acid here occurs, is excluded by the fact that the latter yields no oxygen 
either with manganous sulphate or with the liquid obtained after titrating Caro's 
acid with permanganic anhydride. The existence in Caro’s reagent of a “ higher 
persulphuric acid/’ (SOaH.O.O.SOsHls, is therefore assumed, which on dilution 
yields the acid, SO3H.O.OH, incapable of reducing potassium permanganate. 
In the higher acid an ozonoid grouping is probable, since Caro’s acid is formed 
on dissolving sodium dioxide in well-cooled sulphuric acid, although, on warming, 
as shown by E. Bamberger, ozone is evolved. H. E. Armstrong and co-workers 
suggested that the progressive dilution of the assumed pertetrasulphuric acid 
furnishes, by hydrolysis, a series of persulphuric acid which they called 

HO.SO2.O.SO2.O HO.SO2.O HO.O.SOa^ 

HO.SO2.O.SO2.6 H0.S02,6 HO.O.SOg'^ 

Pertetrasulphuric acid, Perdisulphuric acid, Peranhydrosulpliuric acid, 

H202.4S03. H 2 O 2 . 2 SO 3 . (HS 04 )a 0 . 

H. E. Armstrong and T. M. Lowry suggested that Caro’s acid has the formula 
H2O3.2SO3 or H2S2O9. They said that when Caro’s acid is heated, it beconqes acid, 
and the ratio of the increase in acidity to the loss of active oxygen SO3 : 0 = 1 : 2, 
a result not in harmony with the formula H2SO5, because the salt of such 
an acid should remain neutral after the removal of the peroxidic oxygen : 
2CaS05.=2CaS04-hO2* On the other hand, if the formula be H2S2O9, the facts are 
explained : CaS209+H20=:CaS04+H2S04+02. The anhydro-acid is assumed 
to he derived from the pexmonosulphuric acid : 2HO.SO2.O.OH=i=H20 
-(-(H0.0.S02)20. T. S. Price showed that if the hydrolysis occurs according to the 
equation : H2S20s-l-H20=H2S05-f-H2S04, every mol. of the pexmonosulphuric acid 
which is formed will increase the total acidity by an eq. amount of sulphuric acid. 
The ratio of the iodine value to the increase of H2SO4 acidity should be 2*59 if H2SO4 
is dibasic, and 5 * 18 , if monobasic. With sodium hydroxide, the results agree with 
the assumption that the product is monobasic H2SO4 — ^with barium hydroxide, 
the acid is decomposed. The results did not agree with the assumption that 
the degradation of the peidisulphnric acid proceeds 2H2S208=H2S40 jl 4+H202« 
According to M. Mugdan, either formula — ^^[28209 or H2SO5 — accounts for the 
reaction with potassium iodide ; in the one case, the reaction is H2S209+4^^ 
=2K2S04-f2r3+H20, and in the other case H2S05+2KI=K2S04+l2+H20 
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This does not decide wiietlier Caro's acid is monobasic, H0SO5, dibasic, H^S-^Oy. 
Tlie analysis of the potassium salt is not conclusive, since KHSO5 would have'^the 
same ultimate composition as the salt K2S2O9.H2O ; but T. S. Price showed that 
the analysis agrees with the formula KHSO5, and not with K2S209- This agrees 
with the hypothesis that Caro’s acid is monobasic permonosulphuric acid, H2SO5, 
and that the potassium salt is KHSO5. Willstatter and E. Hanenstein found 
that benzoyl chloride, CeH5.CO.Cl, reacts with the potassium salt of Caro’s acid, 
forming the benzoyl derivative. This reaction corresponds with the monobasicity 
of the acid ; 




O-SO2OK 

O-CO.CcHs 


It is very unlikely that this result would occur if the formula of the salt in question 
were K2S2O9.H2O. J. d’Ans and W. Friederich prepared an aniline salt as a white 
precipitate in ethereal soln. The composition agreed with C6H5.NH3.HSO5. 
J. d’Ans and W. Frieclerich’s synthesis of Caro’s acid by the action of the calculated 
quantity of chlorosulphonic acid, S02C1(0H), on pure hydrogen dioxide in the cold : 


SOgOH 

Cl 


+H2O2-HCH- 


O-SOgOH 

6 ~h 


is in agreement with the view of the molecular formula H2SO5. Another mol, 
of chlorosulphonic aci]^ converts the permonosulphuric acid into perdisulphuric 
acid. Fluosulphonic acid can be used in place of chlorosulphonic acid. E. Weitz 
found that the ammonium salts of monobasic auids are more soluble in the presence 
of ammonia than in water, while with the salts of polybasic acids, the solubility is 
diminished ; by this test, persulphuric acid is monobasic or rather doubly mono- 
basic ” (HS04)2, since there are two separate nuclei in the molecule each containing 
an acid-hydrogen atom. 

The preparation of perdisulphuric acid and the perdisulphates. — F. Fichter and 
W. Bladergroen noticed that persulphates are formed when fluorine acts on hydro- 
sulphates. J. d’Ans and W, Friederich prepared anhydrous perdisulphuric acid 
by gradually adding a mol of anhydrous hydrogen dioxide to two mols of chloro- 
sulphonic acid (or fluosulphonic acid) : 2C1HS03+B[202=H2S208+2HC1, The 
hydrogen chloride is sucked from the crystals at the pump, and the mother-liquor 
is separated by the centrifuge. The soln. obtained by mixing hydrogen dioxide 
with sulphuric acid, formerly thought to be this acid, is now regarded as the permono- 
sulphiiric acid. F, Fichter and K. Humpert observed that presumably perdisul- 
phates are formed when fluorine acts on a cold sat. soln. of ammonium or potassium 
hydrosulphate or sulphate: 3K3S04+i^2+2HF=K2S20s+3KF4-KFS03+H20 ; 
and F. Fichter and W. Bladergroen observed that this product* is formed in 
greatest amount with well-cooled 2‘35ikf-Il2S04, and from soln. of sulphates or 
hydrosulphates with the eq. of 4*4 per cent. SO4. The substance oxidizes manganous 
sulphate rapidly to permanganate, precipitates silver peroxide immediately from 
silver nitrate soln., and also oxidizes phenolphthalein to fluorescein and other 
hydroxylated derivatives. The substance originally obtained by M. Berthelot on 
subjecting a mixture of sulphur dioxide and oxygen to the discharge in an ozonizer, 
also gives these reactions when dissolved in sulphuric acid, and it is concluded that 
the peroxide produced by fluorine is probably a sulphur tetroxide (SO4 or S2O8) 
identical with that present in M. Berthelot’s substance. The work of P. Schoop, 
G. Darrieus and P. Schoop, H. E. Armstrong and G. E. Robertson, K. Elbs and 
0. Schonherr, etc. — ^7. 47, 4 — ^has shown that this acid is formed about the positive 
electrode during the charging of the lead accumnlator M. Berthelot observed 

that in preparing the sulphuric acid soln. of persulphuric acid it is better to use 
a small platinum wire anode than an anode with a larger surfa(fe so as to minimize 
the possible decomposition of the persulphuric acid, by contact with the platinum ; 
and H, Marshall found that- a large anode, involving a low current density is very 
unfavourable to the production of perdisulphuric acid. 
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M. Berthelot considered tKat tte formation of perdisulphiiric acid is a process 
of oxidation hj the hydrogen dioxide formed during the electrolysis : 2 HaS 04 +H 26 , 
==H 2 S 208 - 1 - 2 H 20 . It is true, as indicated above, that K. Elbs and 0. Schonherr 
E. Muller and H. Schellhaass, etc., were unable to verify M. Berthelot^s state- 
ment that hydrogen dioxide is formed in the operation, but their experiments 
lasted only a few hours, whereas M. Berthelot contitiued tlio electrolysis for 
days. As shown hy K, Elbs and 0, Schonherr, it is probable, however, tkt 
during the prolonged electrolysis the pcrdisiilphuric acid ia broken down into 
permonosulphuric acid, and then into hydrogen dioxide ; and this explains how 
the properties of the soln. vary with their concentration, and age, M. Traube 
suggested that an atom of nascent oxygen unites with an atom of oxygon in the 
sulphuric acid, forming the complex represented in the equation : 2 H 2 SO 4 +O 
=-S 206 ( 02 )H 2 +H 20 . The general opinion is that p(iraulphate is not due to a 
process of oxidation, hut rather by the union of two HHO^-ions at the moment of 
discharge or by the condensation of sulphtiric acid with the loss of hydrogen. Hence, 
said H. Marshall, the formationof persulphate from sulphate by electrolysis is similar 
to the formation of tetrathionate from thiosulphate by the action of iodine. The 
tetrathionates, (MS 03 ) 2 S 2 , may thus be compared with the persulphates, (MSOglgOo, 
and the anhydrosulphates, (MS 03 ) 20 , with the trithionates, (MS 03 ) 2 S. If persul- 
phuric acid be formed during the discharge of the HSCXrions conveying the current 
in soln. of sulphuric acid of the concentration employed, there is a greater opportunity 
for the formation of persulphuric acid where the IIS() 4 -ions are closely packed 
together at the moment of discharge — ^that is, when a high current density at the 
anode is employed. W. Starck found that the formation of persulphuric acid rum 
parallel with the presence of HS 04 -ions up to a certain concentration (40 per cent, 
acid). The poorer yield of persulphuric acid from this point onwards is probably 
due to its instability in cone, sulphuric acid soln,, rather than to a decrease in the 
quantity of HS 04 -ioiis. H. Marshall accordingly stated that the conditions favour- 
ing good yields are (i) an anode soln. containing the highest possible concentration 
of HSO 4 -ions — not S 04 "-ions ; (ii) a high current density ; and (iii) a low temp.— 
because persulphuric acid readily decomposes when warmed. 

M. Berthelot examined the effect of the conceMmtion of the sulphuric acid on the 
yield of persulphate, and F. Eicharz found that the maximum yield was obtained 
with 40 per cent, sulphuric acid with a high current density at the anode. K, Bibs 
and 0. Schonherr found that the yields of persulphate with sulphuric acid of sp. gr. 
S and a current density of D amp. per sq. dm. wore : 
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The decreased yield with acid of sp. gr. 1*60 was attributed to the persulphuric acid 
itself taking part in the conduction of the current and being so destxdyed ; it may 
also be due to the rapid conversion of perdisulphurie to permonosulphuric acid by 
sulphuric acid of this concentration, and the subsequent decomposition of the 
perraonosulphuric acid.^ The more dil. the acid, the later is the period at which the 
maximum yield is obtained. The Oesterreichische Chemische Werke recommended 
electroly 2 dng a soln. containing 500 grms. of cone, snlphuric acid per litre, at 20 ® 
V a current of 400 amp. per litre. The yield was over 70 per cent. E. Miiller and 
H. Schellhaass obtained a maximum yield with an acid of sp. gr. 1*39 and their 
results at 6 ° to 16° with an acid of this cone., and a current density of 75 amps, are : 
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The results are x)Iotted in Fig. 103. With a current density of 25 amps, at 12° -13^, 
the numbers were less. At first, the increase in the cone, of the persulphuric 
acid runs parallel with the decrease in the current 
efficiency; but later, the cone, of the persulphuric 
acid becomes almost constant while the current 
efficiency decreases. The permonosulphuric acid 
is responsible for the time-yield curve. J. Salauze, 

0. A. Essin, and O. A. Essin and E. Krylow examined 
the eiectrol 3 rtic process. 

W. Moldenhauer found that the higher the anodic 
potential, the greater the formation of perdisulphuric 
acid. It is suggested that the initial increase in 
current efficiency is due to a rise in the anodic 
potential, while the subsequent fall is accompanied 
by a steady decrease in the proportion of permono- 
sulphuric acid present in the soln. The acid, 
which is formed from the perdisulphuric acid, is destroyed at the anode : 
H 2 S 05 -h 20 H'=H 2 S 04 .“l“ 02 +H 20 . The quantities of permonosulphuric acid 
formed and decomposed in unit time increase with the cone, of persulphuric 
acid. The permonosulphuric acid acts as a depolarizer, and prevents an increase 
in the anodic potential, thus diminishing the yield of perdisulphuric acid. 
K. Elbs and 0. Schonherr found that an increased yield occurs with an increase 
in current density, D amp. per sq. dm., thus, with sulphuric acid of sp. gr. 3 *35, 
in 50 minutes at 8° to 10° : 

D . . 4 28 100 500 

Yield . . 0*7 55*3 61-2 67-5 per cent. 

These results have been confirmed by E. Muller and H. Schellhaass, and others, 
A rise in temperature lessens the yields, and at 60° the yield is practically zero, for 
the perdisulphuric acid decomposes as fast as it is formed. W. Starck said that the 
formation of persulphuric acid is favoured by a fall of temp, in agreement with the 
probable increase of HS 04 “ioni 5 as the temp, falls. W. Moldenhauer found that the 
cooling of the anode increases the yield, F. Eicharz, K. Elbs and 0, Schonherr, 
and G. I. Petrenko found that the yield is dependent on the nature of the electrodes. 
The efficiency of the platinum anode gradually diminishes as the electrolysis pro- 
ceeds, and at the same time the surface is roughened. This may be due to the 
oxidation of the platinum, which then acts catalyticaliy on the decomposition of 
the persulphuric acid. The efficiency was found by F. Eicharz to be restored by 
heating the anode to redness. K. Elbs and 0. Sebonherr made a similar observation, 
and added that a freshly-prepared platinized electrode gives poor results, but 
becomes efficient after heating to redness when the surface acquires a metallic lustre. 
G. I, Petrenko said that iridium electrodes give smaller yields than platinum anodes, 
and they dissolve more readily in the anode liquor. According to the Farben- 
fabriken vorm. F. Bayer, the electrolytic preparation of the persulphates can be 
carried out without the addition of electrolytes or the use of a diaphragm if tin or 
alimiinium electrodes are used. 0. A. Essin studied the effect of the cone, of 
sulphate and persulphate in the electrolyte on the current efficiency. 

E. Elhs and 0. Schonherr found that the presence of some foreign substances — 
eg. the sulphates of ammonium, potassium, aluminium, and nickel — ^favours the 
formation of persulphuric acid ; the sulphates of sodium, copper, magnesium, zinc, 
and chromium have no marked effect. A drop of cone, hydrochloric acid increased 
the yield from 45-9 to 69 per cent. E. Miiller and H. Schellhaass attributed the 
effect to (i) the raising of the anodic potential ; and (ii) to the chemical destruction 
of permonosulphuric acid, thus preventing its depolarizing action. The presence of 
hydrofluoric acid raised the anodic potential and increased the current efficiency ; 
hydrochloric acid raises the anodic potential and destroys chemically the permono- 



Fig. 103. — The Time-yield of 
Permonosulphate and Cur- 
rent Efficiency in the Elec- 
trolysis of Sulphuric Acid 
of sp. gr. 1*39. 
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sulphuric acid ; sulphurous acid has a good efl’cct because it destroys chemically 
tlie permonosulphuric acid : and with the sulphates indica,ted above, the anodic 
])otentiai is sometimes raised, and sometimes lowered, and the current efficiency 
varies in a corresponding way. A. Maxzucchelli found iliat tlie yields were much 
improved by adding a small proportion of perchloric acid, or of ammonium or 
potassium perchlorate. No hydrochloric acid was formed ; and A. Mazzucchelli 
and B. Romani attributed the effect to an increase in the anodic overvoltage. 
J. Salauze tested the efficiency of different methods of making ammonium per- 
sulphate. With chromate as accelerator in neutral soln., the chromium hydroxide 
which forms on the platinum cathode is very fragile, and is dissolved if the soln. 
becomes slightly acid. The yield is as good at 8*^ as it is at 22*^, and the yield is 
improved if traces of chlorides are present. Owing to the great solubility of 
ammonium persulphate in neutral or alkaline soln., prolonged electrolysis is needed 
before the salt separates. The ammonium persulphate separates readily in acidic 
soln., and the process does not require so much attention with acidic soln. A little 
potassium ferrocyanide as accelerator slightly improves the yield, but the product is 
contaminated with a little prussian blue, which is difficult to remove. The conditions 
for a 70-75 per cent, yield are : (i) a low temp. ; (ii) a cone. soln. of sulphuric acid 
corresponding with the presence of ammonium hydrosul])hate ; (in) a fresh platinum 
anode eq. to a current density of amps, per sq. dm. ; (iv) a platinum cathode with 
the largest possible current density ; and (v) the presence of a trace of chlorides. 

Iv. Elbs and O. Schonherr prepared perdisulphuric acid by the electrolysis of 
sulphuric acid of sp. gr. D35 to 1*50, with or without the addition of ammonium 
sulphate. The apparatus employed consisted of a divided cell formed by a porous 
jar of 100 c.c. capacity, standing in a beaker. A cylinder of lead or platinum of 
150 sq. cm. surface, surrounding the jar, formed the cathode. The anode was a 
platinum wire or foil dipping into the jar. The cell was surrounded with ice. 
Sometimes the arrangement was reversed, a ring of platinum wire in the outer cell 
forming the anode, and a coil of lead pipe in the jar acting both as cathode and as 
a cooling worm. The resulting anolyte after being electrolyzed overnight — current, 
3 amp. ; current density, 500 amp. per sq. dm. ; and 4 volts — contained 510 
grms. of persulphuric acid, and 129 grms. of sulphuric acid per litre — no hydrogen 
dioxide was present. It was treated at 0® with the quantity of barium car- 
bonate necessary to precipitate the sulphuric acid — barium persulphate is fairly 
soluble in water — and filtered. The filtrate contained neither barium nor sulphuric 
acid. M. Tiaube said that the barium carbonate also decomposes any permono- 
sulphuric acid — he called it sulphuryl holoxide — which might have been present, 
forming hydrogen dioxide and oxygen. M. Berthelot 
used barium hydroxide in place of the carbonate ; and 
M. Traube, barium phosphate. A. von Bayer and 
V. Villiger obtained perdisulphuric acid by treating a dil. 
soln. of the barium salt with the calculated quantity of 
dil. sulphuric* acid. 

The preparation of small quantities of potassium per- 
sulphate by the electrolysis of a sat. soln. of potassium 
sulphate in sulphuric acid of sp. gr. 1*2 to 1*3, is thus 
described by K. Elbs : 

The soln. is placed in a test-tube, A, Fig- 104, so that the 
test-tube is about three-fourths filled. The test-tube is fixed in 
a large beaker by means of the wire C. A glass cylinder, A is 
lAyi rpy -jy fixod in the test-tube by means of the wire JB. A coil of 

+ * ^ f -D yrepara- platinum wire — ^the cathode — is allowed to dip into the solution 
^ potassium sulphate as indicated in the diagram; and a 
aisuipnate. platinum wire sealed to a piece of glass tube so tiiat about IJ 

* AT- T- T ^ cms. of the wire from the tub© forms tho anode. This is 

1 e witiiin cylmder. The large beaker is filled with water in "which pieces of ice are 

oa ing iced-water.” A current of about on© or two amperes is sent through the soln. 
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— the current density at the anode is about 100 amps, per sq. cm. Hydrogen appears 
at the cathode ; and a white crystalline mass accumulates at the anode. In about 45 
minutes the current may be stopped, and the white crystals of potassium persulphate 
collected on a filter paper. The salt is washed first with alcohol and finally with ether. 

K. Elbs recommendod tlie following process for ammonium persulphate : 

The bath consists of a porous pot of 80 to 160 c.c. capacity standing in a beaker. The 
anode liquid is a cold sat. soln. of ammonium sulphate. The anode liquid is kept approxi- 
mately saturated with ammonium sulphate by suspending in the anode compartment a 
small test-tube pierced with a number of small holes, and filled with the salt. The cathode 
liquid is a mixture of sulphuric acid with one or two vols. of water. The cathode is a lead 
tube coiled spirally round the porous pot, and cold water or iced water is run in a continuous 
stream through the tube so as to keep the temp, of the anode compartment between lO*^ 
and 20°. The anode consists of a spiral of platinum wire of 1 to 2 sq. cms. surface area ; 
it dips about half-way down in the liquid contained in the porous pot. The current employed 
is 5 to 10 amps, giving an anode current density of 600-1000 amps, per sq. dm. During 
the electrolysis, a current of highly ozonized oxygen is slowly evolved at the anode. Prom 
time to time, after intervals of three or four- hours, the electrolysis is stopped, and the 
contents of the porous pot filtered through glass wool; the crystals thus separated are 
dried on a porous plate, whilst the filtrate is shaken with crystallized ammonium sulphate 
and thus again saturated, after which it is poured back into the porous pot. The liquid 
in the cathode portion of the cell becomes neutralized as a result of the migration of sul- 
phuric acid anions away from it and that of ammonium-ions into it, and before it becomes 
alkaline must be syphoned off and replaced by fresh sulphuric acid. On the other hand, 
the anode liquid becomes poorer in ammonia and more concentrated in sulphuric acid, on 
account of the migration of the ammonium ion out of it and that of the sulphuric acid 
anion into it ; this alteration is not compensated for by the separation of ammonium 
persulphate and the occasional saturation of the soln. with ammonium sulphate ; it is 
consequently necessary about every two operations to add to the anode liquid by means of 
a funnel with a capillary tube, with cooling, a quantity of ammonia, saturated with 
ammonium sulphate, sufficient nearly to neutralize the free acid. The precipitate which 
is thus formed consists of ammonium persulphate, and is poured with the liqmd into 
the porous pot. At the first operation the separation in the porous pot is rather small, 
at the later ones considerable, since it is necessary for the liquid to become saturated 
with ammonium persulphate before a separation of the solid salt can commence ; in 
the later operations this is the case at the start. When the experiment is finished, the 
anode liquid is either preserved for later experiments, or the persulphate contained 
in it is recovered in the form of a crystallino precipitate of potassium persulphate by 
careful addition of a moderately cone. soln. of potassium carbonate. It is very important 
before each experiment to wash the anode with water and heat it to glowing. The current 
efficiency exceeds 70 per cent., the yield of material 60 per cent. The raw product contains 
as chief impurity about 5 per cent, of ammonium sulphate ; the salt can be obtained 
crystallized in a pure and fine condition, although necessarily with considerable loss, if water 
at 60° is quickly saturated with the salt and then allowed to cool slowly to a low temp. 
Ammonium persulphate can be preserved from decomposition only in completely dry 
condition. For the quantitative determination, the soln. of persulphate is poured into an 
excess of strongly acid ferrous ammonium sulphate, and the excess of ferrous salt titrated 
back with permanganate. It must be observed, however, that, in the cold, IMohr’s 
salt is not momentarily oxidized by the persulphates, but that the reaction takes several 
xoinutes, as indicated by M. le Blanc. In the preparation of persulphates, hydrogen 
dioxide and its derivatives are also formed in the anode chamber ; these can be determined 
directly by means of permanganate. In order, therefore, to follow the course of the 
electrolysis, samples of the anode liquid are titrated first with permanganate, then reduced 
with ferrous ammonium sulphate and titrated back with permanganate ; in this way the 
first determination gives the content of hydrogen dioxide, and the second that of 
persulphate. With the apparatus described above and under the same conditions, 
potassium persulphate can also be prepared. In consequence of the difficult solubility of 
potassium sulphate the method is not very satisfactory ; but, on account of the still smaller 
solubility of potassium persulphate, it is simple and effective. 

According to W. Moldenhauer, in the electrolysis of sulphuric acid of sp. gr. 
145 or less, the yield of persulphuric acid is improved by cooling the anode to —2°, 
whilst with more cone, acids it is diminished ; these results seem to depend on the 
cone, of the HS 04 -ions present. In the preparation of ammonium persulphate a 
smaU improvement in yield is obtained by cooling the anode to — 2^. In the pro- 
longed electrolysis of sulphuric acid, B. Muller and R. Emslander found that the 
final concentration of perdisulphuric acid is greater, the greater the current density, 
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but tlie final cone, of permonosnlplniric acid is independent of current density. 
The total cone* — perdisnlphiiric and permonosulpliuric acids — increases to a 
maximum in the course of the electrolysis ; but whilst the cone, of permonosulphuric 
acid increases continuously up to a stationary state, that of perdisulphuric acid 
attains a maximum, and then falls to a constant value. E. Muller and 0. Eried- 
berger examined the efiect of various electrolytes, and of additions to the electrolytes 
used in the preparation of ammonium or potassium persulphate. They employed 
an individual cell with a current density of 48 amps, per sq. dm., at 7 ° to 8°. A sat. 
soln. of potassium sulphate is not a satisfactory electrolyte since the yield of 
potassium persulphate is small — 15*2 per cent, after 1-| hrs. — and the electrolyte 
gradually becomes alkaline, and when the alkalinity has reached a certain stage, 
the formation of persulphate ceases. The presence of potassium chromate does not 
affect the yield. A sat. soln. of potassium hydrosulphate gives a 35 per cent, yield, 
and the yield is not affected hy additions of chromate. With an acid soln. of 
ammonium sulphate — when 1 o.c. is eq. to 1*6 c.c. Y-KOH — a 75 per cent, yield 
of ammonium persulphate was obtained the first half hour ; afterwards the yield 
decreased because of cathodic reduction. After 7 hrs.’ electrolysis, when the acidity 
of the soln, had diminished very much, the addition of chromate decreased the 
cathode reduction and increased the yield to 83 per cent. An 80 per cent, yield 
is obtained with a neutral soln. of ammonium sulphate, to which sulphuric acid 
is added from time to time to neutralize the free ammonia, and to which chromate 


has been added. The voltage required without a diaphragm was 5*9 compared 
with the 8 volts needed when a diaphragm was used. 

M. G. Levi found that in preparing ammonium persulphate a low temp, is 
necessary. The yield in a cell with a current density of 25 amp. per sq. dm. began 


to diminish from 60-8 per cent, at 30° to 53*7 per cent. 

cent, at 50°, when the yield at 10° 

^ 

ammonium persulphate begins to decompose only at 

40°. In studying the efiect of different electrodes with 

'I an electrolyte containing some chromate, it was found 

X y./L.. L ...1 -I— 1 that with a platinum anode having a current density 

^ amps, per sq. dm., and a current density of 15 

Fig. 105 . — ^Effect of Hydro- amps, per sq. dm. at the cathode, the yield with a 
.fluoric Acid on the platinum cathode, up to 35°, was 64 per cent. ; with 
Anodic Potential of Sul- a nickel cathode, 63 per cent. ; with a lead cathode, 
P uric Acid. cent. ; and with a carbon cathode, 65*9 per 

cent. An anodic current density varying from 6 to 50 amps, per sq. dm. had 
very little influence on the yield. The Konsortium fiir elektrochemische Industrie 
observed that the deposition of chromic oxide on the cathode is uncertain, 
and,^ at 10°-20° the deposit consists of chromium metal which is no use as 
a diaphragm. E. Muller observed that with an, anodic current density of 


O !0 20 30 40 so £0 70 SO 
T/me J/7 m/J7i/tes 


20 amps, per sq. dm., the addition of 20 vols. per cent, of hydrofluoric 
acid to a soln. of potassium hydrosulphate increased the yield of persulphate 
from 50 to 80 per cent. ; and in the case of sodium hydrosulphate, from 1 to 28 
per cent. The anodic potential, measured against a 0-liY-calomel electrode, with 
a current density of 0*5 amp. per sq. dm. rose as indicated hy the cur/e, Fig. 105, 
when hydrofluoric acid was added. The addition of sulphuric acid produced no 
rise of potential that the increase with hydrofluoric acid must be due to that 
acid or the fluoride-ions, and not to the increase in the H'-ions, or the acidity of 


the soln. It is supposed that in acidic soln., the permonosulphuric acid formed 
by the hydrolysis of the perdisulphuric acid, acts as a depolarizer ; and the higher 
the anodic potential, the more readily will the permonosulphuric acid be destroyed : 
H2SO5 d-20H^ =112804 and the greater the yield of persulphate. 
O. A. Essin observed that the current yield in preparing ammonium persulphate 
is independent of the current density between 1 and 16 amps, per sq. cm. ; and, as 
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found by M. G. Levi, it is independent of tlie temp, between 10° and 30° provided 
that the soln. is kept sat. with sulphate. Within the above ranges of anodic 
current densities and temp., the current yield is given by ]OOCV(Ci— Cg) per cent., 
where Cj and C 2 respectively denote the cone, of sulphate and persulphate. 

According to E. Muller and H. Schellhaass, in a prolonged electrolysis, the 
quantity of permonosulphuric acid keeps on increasing until the stage is reached 
where the rate of formation of perdisulphuric acid at the anode is equal to the rate 
at which it changes to permonosulphuric acid. The current yield of perdisulphate 
is then zero. The destruction of the permonosulphuric acid is of use only in certain 
cases. If the S20"8-ions remain in soln., meaning that solid persulphate is not 
precipitated, and the stage is reached when perdisulphuric acid changes into per- 
monosulphuric acid, the destruction of the latter, as fast as it is formed, will not 
increase the current yield of the former. On the other hand, if solid persulphate 
is precipitated before the soln. has attained that concentration when its rate of 
formation is equal to the velocity of formation of perdisulphuric acid, the maximum 
rate of formation of the permonosulphuric acid is less than the rate of formation 
of perdisulphuric acid, and the difference in the two velocities is all the greater, 
the less the solubility of the perdisulphate. In this case, the permonosulphuric 
acid can be advantageously destroyed by sulphurous acid. The speed of the con- 
version of the perdisulphuric acid to permonosulphuric acid increases with increasing 
acidity of the soln., and in slightly acid soln. of ammonium perdisulphate, the rate 
of conversion is so small that even in sat. soln. it does not attain the limiting con- 
centration where the rate of its degradation never becomes eqtxal to its rate of 
formation. Hence, ammonium perdisulphate is readily formed in weakly acid 
soln. On the other hand, with sodium and potassium persulphates strongly acid 
soln. are needed to obtain the necessary cone, of HSO/dons. The low solubilities of 
potassium and sodium persulphates in strongly acid soln. favour the formation of 
these salts ; but the solubilities are still great enough to lead to the formation of 
so much permonosulphuric acid that to maintain a high current efficiency, it is 
advisable to add the destroyer— sulphurous acid. H. Erlenmeyer studied the 
effect of nitrogen, under press., on the electrotype process. 

The formation of persulphuric acid by the action of fluorine on sulphuric acid 
was discussed by E. Eichter and K. Humpert, E. Fisher and K. Massenez, and 
W. Bladergroen. 

The properties of perdisulphuric acid and perdisulphates. — J. d’Ans and 
W. Friederich ^ found that the crystals of anhydrous perdisulphuric acid melt 
with a slight decomposition at about 65°. They can be kept for months at ordinary 
temp., but oxygen is slowly evolved. The crystals are hygroscopic. They are 
hydrolyzed when dissolved directly in water, farming sulphuric and permono- 
sulphuric acids, but this hydrolysis can be prevented by first dissolving the acid 
in ether, and gradually adding the ethereal soln. to cold water. The potassium 
salt can be prepared from this soln. by neutralization with potassium carbonate 
or hydroxide. When the ethereal soln, is cooled by solid carbon dioxide, a white 
complex salt, H2S20g.2(C2H5)20, is formed. Anhydrous persulphuric acid 
vigorously attacks most organic substances ; solid paraffin is gradually changed ; 
and explosions may be produced with aniline, benzene, nitrobenzene, phenol, 
alcohol, ether, etc,, unless care be taken in the mixing. 

The properties of the sulphuric acid soln. of persulphuric acid, as described in 
the early literature, are to some extent confused because it was supposed that only 
the perffisulphuiic acid was present, whereas both or either may have been under 
observation. K. Elbs and 0. Schonherr found the specific irmvitF of persulphuric 
acid and of sulphuric acid to be at 14°/4° : 


Sp. gr. 

. 1«042 

1-090 

1-154 

1-240 


. 7-2 

15-4 

230 

35-2 per cent, by weight 

HjSOj 

. 6*2 

13-8 

21-4 

33-11 ,, ,, 


so that soln. of persulphuric acid are specifically lighter than soln. of sulphuric 
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Fig. 106. — EfSect of Wave-lengtli 
on the Extinction Coefiieient of 
Solutions of Potassium Perdi- 
sulphatc. 


acid containing an eq. proportion of acid. According to tlie Oesterreichische 
Chemisclie Werke, persxilpliuric acid can "be distilled by heating its sola. 

directly under reduced press, by an alter- 
nating current below one ampere per sq. cm. 
The number of alternations can be as low as 50 
with carbon electrodes, but more are required 
with platinum electrodes. M. Berthelot gave 
for the heat of formation from rhombic sulphur 
(2S,80,H2,Aq.)=316-2 Cals., and(2S,70,H20,Aq.) 
=247*2 Cals. Persulphuric acid, being an endo- 
thermic compound, requires an extraneous source 
of energy for its formation. Its heat of decompo- 
sition is : HoSc>08.^^Il20H-H2S04=3H9S04.!^H90 
+ 0 + 34*8 Cals.; and SaOrag + 2H20lci. 
= 2H2S04a(i + 0 + 13*8 Cals. According to 
H.Giran,(S207soUd5Aq.)=56*71Cals. J.L.E. Mor- 
gan and E. H. Crist found the extinction coejff., 
in the usual relation or ^={log (JoM)}/^, when d denotes the depth of 

the ce]l=2 cms. The results are summarized in Fig. 106. D. Vital! found that aq. 
soln. of not quite pure persulphates show a bluish-violet fluorescence. E. docker 
and 0- Eisse studied the decomposition of an aq. soln. exposed to X-rays. 
According to F. Eicharz, the polarization which occurs in the electrolysis of dii. 
sulphuric acid is due to the formation of persulphuric acid, ozone, and hydrogen 
dioxide, and it gives rise to an e.m.f . The e.m.f. necessary.- to overcome polariza- 
tion in the electrolytic cell is eq. to Pt| H2S04aq.>H'2S208aq lPt=0-61 Daniell’s 
units; and the heat developed in the reaction: H2S208aa =2H2S04aq.+ 0+0-56 
DanielFs units. The agreement between tbe calculated and observed values in 
this reaction agrees with the assumption that persulphuric acid is produced as a 
primary electrolytic process, and this is confirmed by the high e.m.f. of the element 
Zn I Il 2 S 04 aq H2S208a(i. 1 Pt=2*06 DanielVs units. According to E. Peters, a 
persulphate in sulphuric acid soln. is an energetic depolarizer, and it can be advan- 
tageously used in place of nitrip..acid in Bunsen’s cell. F. Weigert studied the 
electrolytic reduction of soln. of potassium persulphate. 

Dil. soln. of perdisulphuric acid were found by K. Elbs to be fairly stable, 
but they are slowly hydrolyzed first to permonosulphuric and sulphuric acids ; 
and then to hydrogen dioxide and ozonized oxygen. A. von Bayer and V. ViUiger, 
for instance, found that in a fresh soln. of persulphuric acid in sulphuric acid, there 
was present 98*95 per cent, of tbe active oxygen as H2S2O8, and 1*05 per cent, is 
II2SO5 ; after 8 days, these proportions were 93-87 and 6*13, and no hydrogen 
dioxide could be detected in the liquid. K. Elbs and 0. Schonherr observed in 
another specimen : 

66 days 

— grm. per litre. 

3*8 

644 ,, 


Time . 

0 

4 

13 

32 


. 610 

487 

411 

39 


. — ^ 

trace 

trace 

7*0 

H 2 SO 3 

. 129 

161 

238 

606 


The more dil. the soln., the slower the rate of decomposition ; the rate of hydrolysis 
increases with the concentration of the sulphuric acid ; aud hydrogen dioxide 
accumulates if a large proportion of sulphuric acid is present. K. Elbs and 
P. Neher said that sodium, potassium, and ammonium persulphates can be pre- 
served almost unchanged for years if kept dry and protected from sunlight. At 
ordinary temp., aq. soln. show an appreciable decomposition after some days, 
and with increasing temp, the rate of decomposition rapidly increases and is further 
accelerated by sunlight. At 100®, decomposition is practically complete in one 
hour, although the actual velocity varies to a considerable extent with the cone, 
of the soln., and with the nature of the cation, the sodium salt being somewhat 
more stable than the potassium and ammonium salts. The addition of sodium 
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sulphate distinctly diminishes the velocity of decomposition, whilst the presence 
of 5 per cent, of sulphuric acid accelerates decomposition five to ten times. As an 
oxidizing agent, sodium jpersulphate is the most useful salt, and it is often 
advantageous to diminish the velocity of the reaction, and so prevent loss of avail- 
able oxygen evolved as gas, by adding about 20 per cent, of anhydrous sodium 
sulphate to the soln. N. R. Dhar observed that substances with high temp, coefi. 
for their thermal reactions are often sensitive to light, and in accord with this 
aq. soln. of potassium perdisulphate are decomposed by exposure to light. 
J. L. R. Morgan and R. H. Crist showed that the photochemical decomposition 
of aq. soln. proceeds at 30° similax to the thermal decomposition : 
K2S203-|-H20=2KHS04-1--J-02, but no evidence of the formation of any inter- 
mediate compounds. The photochemical decomposition proceeds according to 
a zero or linear order in the more cone. soln. with a limited light intensity and 
according to a unimolecular order in the very dil. soln. The order for the inter- 
mediate soln. is an accelerated unimolecular one, the value of the constants depends 
upon the light intensity and upon the cone. The effect of gases and of the ageing 
of the lamp has been studied. Varying the concentration of the oxygen produces 
no change in the rate of the reaction ; consequently, the reaction is not reversible. 
Hydrogen and nitrogen do not accelerate the reaction. Solid potassium persulphate 
decomposes under ultra-violet radiations. The velocity constant K for unimole- 
culax reactions with light of intensity I, with O'OOllf-soln. at 40°, were 0*0060, 
0*0093, 0*020, and 0*038 when the intensities of the light were respectively 

h velocity is propjortional to the intensity of the light since 

kl is virtually constant. The wave-length effective in producing the reaction, as 
well as the region of maximum absorption of light, is in the lower ultra-violet at 
about 22mfM ; the value predicted by the radiation theory is Ifi. The temp, coeff. 
of the photochemical decomposition has the average value 1*18, which low value 
is further evidence of the simplicity of the reaction. Within the limits of experi- 
mental error it is the same for acid, alkaline, and alkaline potassium sulphate 
soln. in full or in filtered light. J. L. R. Morgan and R. H. Crist found that the 
rate of photochemical decomposition is retarded by additions of potassium 
hydroxide, potassium sulphate, and sulphuric acid. 0. Eisse, and A. K. Bhatta- 
claarya and N. R. Dhar studied the photochemical decomposition of the persulphates. 

As observed by H. Marshall, M. Berthelot, and R. Lowenherz, the thermal 
decomposition of perdisulphuric acid is accelerated by a rise of temp., but the last 
traces can be destroyed only by a prolonged boiling of the soln. C. Marie and 

L. J. Bimel found that the presence of a little methyl alcohol hastens the decomposi- 
tion. If, then, the soln. be boiled, and the liquid titrated with standard alkali, the 
persulphate originally present in the soln. can be calculated: K2S2O8+H2O 
=K2S04-(~H2S04-|“0. This was done by 0. Marie and L. J. Bunel, A. Kailan 
and L. Olbrich, Tarugi, and C. A. Peters and S. B. Moody. According to 

M. Mugdan, the velocity of transformation of perdisulphuric acid, dissolved in a 
large excess oh sulphuric acid, into pcrmonosulphuiic acid is proportional to the 
cone, of the perdisulphuric acid, so that the reaction is unimolecular in accord 
with H2S208+H20==H2S05+H2S04. The velocity constants are not very 
satisfactory because of the varying cone, of the sulphuric acid ; the higher 
the cone, of the sulphuric acid, the higher their numerical value. L. Green and 
0. Masson showed that the velocity constant is dependent on the initial con- 
centration, so that it varies in different experiments, but is constant in any one 
of them. Assuming that the reaction proceeds according to the equation 
S2O4 '-f-H20==2HS04'+i02, and that it is accelerated by the H’-ions initially 
present, and which remain unchanged in concentration during the reaction, 
the accelerating influence of H’-ions is explained by assuming that at the 
dilutions employed, the great bulk of the persulphuric acid is completely ionized 
into 211“ and 8203^^ while a small proportion is converted into H* and HS2O8'. 
If this proportion be small enough, the total H’ concentration may be taken as 
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constant and equal to whilst that of the S^Oy" is appreciably equal to A—x, 
and that of the HS^Og' itself is therefore proportional to A{A—x). If, further, 
the HS20y^ has a sufficiently high rate of reaction as compared with the SgOg", it 
will make itself felt in spite of its small concentration, and the total velocity of the 
action, will be the sum of two velocities, Ic^iA—x) and hA{A—x), in accordance 
with the equation already given. The resiilting velocity equation assumes the 
form : — x), where is a constant h in any given experh 

ment ; a is the initial conc. of the perdisulphuric acid — ^mols per litre — and a—x, 
its conc. at any subsequent time t. Comparing experiments with different values 
of rt, it followed that /i:x=0*163, and ==0-010. It was also found that, at 80°, 
for 


a . 

. 0-2566 

0-1251 

0-1237 

0-0923 

0-0644 

0-0416 

K (obs.). 

. 0-0527 

0-0304 

0-0302 

0-0258 

0-0210 

0-0184 

Ic (calc.). 

. 0-0518 

0-0304 

0-0302 

0-0250 

0-0205 

0-0168 


The effect of temp, is such that when a— 0*124 at TO"", Zc—O-Olll, and at 80°, 0*0302, 
and when a=0*116 at 90°, ifc=0*1035. The results were confirmed by observation 
on the effect of admixtures with nitric acid, and sulphuric acid of different concen- 
tration. With added sodium perdisulphate, or sodium nitrate, the Na'-ions as 
well as the H*-ions exert a specific effect. T. S. Price and A. D. Denning found 
that the rate of decomposition of 15-5W-H2S208 in the presence of 1*4A-H2S04 
is practically unaffected by colloidal platinum. A. Kailan discussed the decom- 
position of potassium persulphate by exposure to radium rays. 

Soln. of the perdisulphates gradually decompose : K2S208+H20=2KHS04 

+.IO2. The oxygen is more or less ozonized. N. Tarugi, and M. 6. Levi 
and E. Migliorini showed that potassium and sodium perdisulphates decompose 
in aq. soln. unimolecularly, and that the action is much accelerated by the addition 
of acids. The reaction itself produces an increasing acidity in the soln. so that 
the velocity should show the characteristics of an auto-accelerated reaction rather 
than those of a simple unimolecular reaction. L. Green and 0. Masson showed 
that the difficulty disappears if it be assumed that the acid sulphate produced 
ionizes only into metal and HSO/-ions, and provides practically no H'-ions ; 
otherwise expressed, that the sulphuric acid behaves like a monobasic 
acid: Na2S208+H30l=2NaHS04+i02, or S208"+H20=2HS0/+i02, With 
the same notation as before, for a soln. of sodium perdisulphate at 80°, 
dxldt=^k(a — x)^ and for a=0*226, ib==0-00541 ; for a=0-125, Z;==0*00577 ; and 
for a=0-127, ^==0*00533. Again, for a==0-125 at 70°, 7b=0*0016 ; for a=0-126 
at 80°, ^==0*0055 ; and for a=0*130 at 90°, ^=0*0161. Similarly, with potassium 
perdisulphate, for a— 0-108 at 80°, Z;=0*00541 ; and with ammonium perdisulphate, 
for «=0-229 at 80°, ^==0*0061. The result with ammonium sulphate was rather 
more irregular than with the other salt ; this was attributed to the formation of 
traces of nitric acid, by oxidation of the ammonia. Analogous results were obtained 
with sodium perdisulphate admixed with sodium hydrosulphate, sodium sulphate 
or sulphuric acid. The case of barium perdisulphate differs from those indicated 
above owing to the precipitation of barium sulphate, 2BaS2O8+H20 
==H2S208+2BaS04-h JO2. As a result the asC-cuxve is at first concave, indicating 
a marked autocatalysis in the soln. This part of the reaction occurs in two stages 
S208^'+H20=2HSO/+J02 followed by 2Ba *+2HS0/=2BaS04+2H*. Tie 
, first of these two stages is relatively slow, the second fast. The second part of tlie 
reaction involving the decomposition of persulphuric acid proceeds unimolecularly 
as indicated above. If the total conc. of the S2O8 radicle at the time t is 
that of the barium perdisulphate will be a — 2cc ; and that of the perdisulphuric 
acid X. If be the velocity constant for barium perdisulphate ; that for 
persulphuric acid ; and Jci^ that for the catalytic H’-ions produced in the reaction, 
the velocity equation for the barium perdisulphate part of the reaction is : 


dx /_ a — 2a: , 
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It was found that Z'3~0*0040 ; 7^2—0*010 : and 7»;i=0*163, and tlie observed and 
calculated results are in agreement. Ooufirmatorj observations were also made 
with mixtures of barium perdisulpliate respectively with nitric acid and with 
barium nitrate. M. G. Levi and E. Migliormi said that the prcvsence of alkali 
hydroxide exerts a marked accelerating action on the decomposition of the persuh 
phates, but L. Green and 0. Masson showed that the velocity constant with the 
added alkali hydroxide is very slightly smaller, and that this is accounted for by 
the physical effect of the extra solute, })ut tlierc is no evidence of positive or negative 
acceleration by hydroxyl ions. M. G. Levi and E. Migliorini found that platinum- 
black slowly catalyzes the decomposition of solii. of the perdisulphates ; the 
greatest effect being produced with ammonium perdisulphate. Lead and some 
other metals also decompose the soln. catalytic-ally. T. S. Price observed that 
colloidal platinum does not decompose soln. of slightly acidic or neutral 
potassium or ammonium perdisulphate. A. Kailan and E. Leisek studied the 
velocity of decomposition of sodium persulphate, alone and with the addition of 
sodium hydrogen sulphate, sodium sulphate, nitrate, or hydroxide, phosphoric 
acid, disodiuiu hydrogen and trisodium phosphates, or potassium hydroxide, and 
of potassium persulphate, alone and with the additioir of potassium nitrate, potas- 
sium and sodium hydroxides, has been studied at 994°. In the auto decomposition 
of sodium persulphate the value of the unhuolecular coefficient decreases with 
increasing original cone. ; the values found are 2 to 8 per cent, higher than those 
for potassium persulphate. The addition of a neutral sulphate causes a larger 
decrease in the coeff. than an admixture of sulphuric acid. On comparing the 
rates of decomposition of sodium and potassium persiilphates with added sodium 
or potassium sulphate, it follows that sodium ions retard the decomposition of 
the persulphate ions to a smaller extent than potassium ions. This is verified 
by the fact that increasing cone, of added sodium hydroxide to sodium persulphate 
causes an increase in the velocity of decomposition to a greater extent than potas- 
sium hydroxide. Nitrate and phosphates accelerate decomposition. In the 
series of sodium persulphate decompositions the agreement between the observed 
unimolecular coefficients and those ’calculated from an intrapolation formula 
expressed as a function of the cone, of sodium, nitrate, hydroxide, and phosphate 
(HPO4'') ions, and the difference between the hydrogen- and sulphate-ion cone., 
is fairly good. With a mixture of a 04N-soln. of potassium persulphate with 
0*3iV'-H2SO4, the permonosulphuric or Caro’s acid can be qualitatively detected. 
In 2*7 or 14iV'-sulphuric acid the amount of hydrogen dioxide present is 1 to 2 or 
6 to 12 per cent, of the then existing Caro’s acid. The unimolecular velocity coeff. 
for the decomposition of pcrsulphuric acid, with or without formation of Caro’s 
acid, is a function of the sulphuric acid cone. 

The persulphates so far discovered are all soluble in water, the potassium salt 
is one of the least soluble. A. R, Forster and E. F. Smith showed that in the 
series : K, Rb, Cs, Tl, the solubility increases with increasing at. wt. The hydro- 
lytic action of water in breaking down perdisulphuric acid to permonosulphuric acid 
and to hydrogen dioxide has been previously discussed. A. Pietzsch and G. Adolph 
based a process for the preparation of hydrogen dioxide on this reaction. T. S. Price 
showed that potassium perdisulphate probably reacts very slowly with hydrogen 
dioxide in aq. soln,, the reaction being represented by the equation . H2O2+K0S2OS 
=2101804+ 02. J. H. Kastle and A. S. Loevenhart said that potassium perdi- 
sulphate is transformed by hydrogen dioxide into the salt of permonosulphuric 
acid, which, under the influence of colloidal platinum, gives off oxygen, and reforms 
the perdisulphate. T. S. Price said that the speed of decomposition of hydrogen 
dioxide by platinum is only slightly increased by the addition of persulphates. 
T. S.^ Price and A. D. Denning said that the acceleration of the speed of decom- 
position by colloidal platinum is probably proportional to the amouiit of persulphate 
added ; the effect of the persulphate is mainly catalj4ic, for it is itself only slightly 
decomposed- The decomposition of hydrogen dioxide is also accelerated by free 
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persulpliiiric acid, but tbe latter is itself decomposed, probably by interaction with 
the hydrogen dioxide: M2024-H2S208=2H2S04H-02 — vide infra, the action of 
perma^iganates. According to J. A. N. Friend, the reaction with the persiilphates 
in the absence of platinum is probably ummolccular, and there is an unstable 
intermediate compound formed, ?/iH202+^^I^2S2(^8^(H202)^i(K2S208)^, which was 
isolated in an impure state. T, S. Price also found that the mol. depression of the 
f.p. of soln. of hydrogen dioxide with additions of persulphate is smaller than is 
the case with water. This agrees with the hypothesis that the two compounds 
unite in soln. H. Palme showed that the velocity of this reaction increases con- 
siderably with decreasing cone, of acid. J. A. N. Friend’s observations that the 
reaction is unimolecular was explained by H. Palme on the assumption that per- 
monosulphuric acid is first formed, and that this reacts with hydrogen dioxide. 
It is suggested that perdisulphuric acid does not itself react with hydrogen dioxide. 
According to E. Kempf and E, Oehler, sodium dioxide readily reacts with ammonium 
persulphate. When the dry substances are rubbed together iu a mortar, the 
mixture explodes, producing thick fumes. The same result is obtained by heating 
the mixture, by passing a stream of carbon dioxide over it, or by the addition of 
a drop or two of water. The temp, at which the explosion occurs lies between 
75° and 140°, and depends on the rate of heating and the amount of moisture pre- 
sent. The gases evolved consist of nitrogen and oxygen, but the proportions vary 
considerably in different experiments. The mixture is not explosive when the 
dioxide is replaced by sodium hydroxide, or the ammonium persulphate replaced 
by ammonium sulphate, sodium persulphate, or a mixture of the two, 

Perdisulphuric acid and its salts are powerful oxidizing agents. Soln. of hydro- 
chloric acid furnish chlorine ; chlorides^ chlorine ; hromides, bromine ; and iodides, 
iodine. According to H. Marshall, with potassium iodide soln., the iodine which 
is liberated in the early stages of the reaction may be oxidized to iodic acid. 
T. S. Price ^ found that the reaction K2S208+2KI=2K2S04-t-l2 is apparently of 
the third order, but measurements of the velocity of the reaction agree best with 
the assumption that the reaction is bimolecular. This probably means that the 
reaction takes place in stages, one of which governs the order of the reaction, while 
the other stages proceed comparatively quickly with -- to TjJ^fV-soln. ; there is no 
evidence in favour of the assumption, favoured by B. Merk, that the slow reaction 
is the reduction of the perdisulphate to permonosulphate : K2S2O8+H2O 
=EIIS04^4-EHS05, and the subsequent liberation of iodine by the permonodi- 
sulphate ; nor is it likely that the anomaly is due to the oxidation of the liberated 
iodine to iodic acid. The reaction is very sensitive to the catalytic influence of 
various salt soln. There is a very marked acceleration of the reaction by copper 
and ferrous salts. In the case of these salts, the acceleration is proportional to the 
concentration. The acceleration produced by a two and a half millionth if-soln. 
of ferrous sulphate in the presence of or vice versa, can be readily 

detected. Salts of nickel and cohalt cause a slight acceleration, but chromic acid, 
potassium dichromate, manganese sulphate, sodium nitrite, zinc sulphate, mag- 
nesium sulphate, and potassium sulphate were inactive. Mixtures of ferrous 
and copper sulphates were found to cause an acceleration almost double that 
calculated additively, so that the catalytic effect of each is increased by the presence 
of the other. Inactive compounds, such as zinc sulphate, have no effect on the 
catalysis caused by copper sulphate, but decrease the influence of ferrous sulphate. 
The addition of acid at first causes a decrease in the catalytic effect of copper 
sulphate, hut a constant value is soon reached. A. von Kiss and L. von Zombory 
found that allowing for the triiodide equilibrium, the reaction between an iodide 
and a persulphate is of the second order involving the measurable reaction: 
* rapid reaction: S208r'+E==2S04+l2. The speed 

of the reaction fe augmented by neutral salts. With ferrous or copper salts, new 
reaction paths are opened up ; thus, with ferrous salts, there is the measurable 
reactioii: Fe"+S20g''=:=FeS208, and the two rapid reactions: FeS208+Fe“ 
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=2Fe‘‘’+-S0/', and 2Fe'”+2U— 2Fe‘'d-l2* ^ similar scheme explains tlie 
action of the copper salts. The effect of neutral salts is here negative. In the 
presence of acids, the rate of the reaction is slightly lowered ; and in the absence 
of catalytic agents, the reaction is favoured by light. J. N. Bronsted, and A, von 
Kiss and V. Bruckner studied the action of neutral salts on the reaction between 
potassium iodide and persulphate. W. Federhn also studied the catalytic effect of 
iron and copper salts. R. Slamais recommended the volumetric determination of 
persulphates by adding an excess of potassium iodide, allowing the mixture to stand 
12 hrs., and titrating back the liberated iodine with a standard sodium thiosulphate 
soln. The reaction was studied by G. Allard, C. A. Peters and S. E. Moody, 
G. H. ]\rondolfo, F. G. Soper, A. von Kiss, A. von Kiss and L. Hatz, E, Jette ami 
C. V. King, W. Oostvcen, etc. M. Dittrich and H. Bollenbach found that the 
alkali chlorides, bromides, or iodides are oxidiJied to chlorates, bromates, or iodates 
respectively when treated with a nitric acid soln. of a persulphate in the presence 
of silver nitrate. S. 0. Rawling and J. W, Glassett found that the speed of the 
reaction between potassium iodide and persulphate is accelerated by the presence 
of gelatin ; it is increased by acids ; and decreased by alkalies. The effect of 
the gelatin is attributed either to an organic catalyst in the gelatin, or to the adsorp- 
tion of the reacting ions by the gelatin particles. B. K. Mukerji and N. R. Dhar, 
and A. K. Bhattacharya and K, R. Dhar studied the photochemical reaction 
between potassium iodide and persuljihate. E. Muller and W. Jacob examined 
the interaction of persulphates and iodates resulting in the formation of sulphates 
and periodates. 

D. Vitali s said that hydrogen sulphide causes a turbidity when warmed with 
a persulphate soln. W. Traube found that persulphates absorb sulphur trioxide 
and at the same time lose some of their active oxygen, forming what he called per- 
fyrosul^hates : K2S2O8 + 2SO3==K82O0.O2.S2O6K. These compounds, typified by 
the potassium salt— potassium pertetrasulphonate, KO.SO2.SO2.O.O.SO2.SO2UK 
— fume in the air, the fumes not consisting, however, of sulphur trioxide, and they 
gradually deliquesce. No oxygen is evolved during the deliquescence, and the soln. 
formed contains considerable quantities of hydrogen dioxide and persulphuric 
acid in varying proportions. When put into water the salts dissolve with violent 
hissing, and ozonized oxygen is evolved ; the soln. formed contains only traces of 
hydrogen dioxide and persulphuric acid. A. Bach found that when anhydrous 
sulphuric acid is mixed with well-dried potassium persulphate there is evidence 
of the formation of XJeherscJmefelsdure oder Peroxydschwefelsdure — vide infra > 
potassium permanganate. According to H. Palme, when persulphuric acid is 
warmed with sulphuric acid, it decomposes with formation of Ca^o^s acid 
and hydrogen peroxide ; H2S208+H20=H2S05-|-H2S04 ; H2SO5+H2O 

=H202+H2S04. Both reactions are unimolecular, and their velocity is increased 
with increasing concentration of sulphuric acid. The velocity of the first reaction 
is about 39 times that of the second at 50°. H. Marshall found that when a slight 
excess of a persulphate is allowed to react with a thiosulphate, a tetrathionate is 
formed in accord with 2M2S2O3+M2S2O8— 2M2S04+M2S40e, and the reaction is 
attended by the evolution of much heat. If an excess of thiosulphate is employed, 
trithionates are formed owing to the removal of sulphur from the tetrathionate 
by the excess of thiosulphate or of its decomposition products since the soln. becomes 
faintly acid. For a time, potassium persulphate was placed on the market, under 
the trade-name anthion, for use as a hypo-eliminator in photography, but the 
tetrathionate produced was found to be just as objectionable as the thiosulphate, 
and the silver image was itself attacked. M. G. Levi and co-workers found that 
selenium, and tellurium pass into soln, of potassium persulphate as anions. 

According to M. G. Levi and E. Migliorini,® when aq, soln. of ammonium per- 
sulphate are heated at 50°-10C)°, oxidation occurs even in soln. originally neutral, 
and the soln. become more and more acid, owing to the liberation of sulphuric acid. 
Less than the theoretical amount of oxygen is evolved, and nitric acid is formed 
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in soln. The addition of increasing amounts of sodium hydroxide to the per> 
sulphate soln. causes the oxidation at first to diminish to a minimum, and then to 
increase indefinitely. H. Marshall and J. K. H. Inglis represented the reaction in 
the, presence of silver salts : 8(NH4)2S2O8+6H2O“7(NH4)2SO4 + 9H2SO4+2HN03. 
In the presence of ammonia, and a silver salt, H. Marshall found that there is no 
deposition of silver peroxide, but there is a rapid evolution of nitrogen owing to 
the oxidation of ammonia by the silver peroxide ; the action may be 
very violent in cone. soln. The silver salt acts catalytically on the 
reaction : 3(NH4)2S20s+8NH3=N2+6(NH4)2S04. D. M. Yost found that the rate 
of oxidation of ammonia to nitrogen by the persulphate is directly proportional 
to the cone, of the persulphate ion and the assumed silver triammine ion ; the rate 
also increases with the cone, of the ammonia, and decreases with that of the 
hydroxide ion— but not directly proportional to the former, nor inversely propor- 
tional to the latter. It was assumed that the oxidation process : 2S208"'-f2NH3 
-=:4S04''-f NL-f GH* proceeds by the slow stage S208''-f-Ag(NH3)3‘=2S04"+Ag‘“ 
+ 3NH3 ; followed by the fast reactions 3Ag“’ +8NH3=3Ag(NH3)2‘+N2+6H‘, 
and Ag(NK3)o'4-NH3~Ag(NH3)3 . The velocity equations are —d[82,Og"]ldt 
-A:4S208'1[Ai{NH3)2l+A2[S208''][Ag(NH3)3*],where[Ag(NH3)3*J=-/iTAg(NH3)2]- 
[NH3]. These reduce to -4B20s'4/f//-[S208''J[Ag(NH3)2']{/fi-f VvWs)} 
which agrees with the observed results, where Z'.i=3-T0, and 7i:={/t;x+7c2/f(NH3)} 
=4*5 nearly. R. Kempf said that 88 per cent, of the ammonium salts in some 
commercial sodium persulphate was oxidized to nitric acid when the soln. in soda- 
lye was kept 4 days at ordinary temp., and 40 per cent, was oxidized to nitric acid 
when the soln. was boiled. When the silver peroxide is in contact with the per- 
sulphate and ammonia for several days no oxygen is evolved, and the persulphate 
is converted into nitric acid: 8Na2S2O8-{-6H2O + (NH4)2SO4=16NaH804 
+H2SO4+2HNO3. If the silver salt be absent, persulphates do not bring about 
tile oxidation which must be due to the silver peroxide, and not to ozone, hydrogen 
dioxide, or permonosulphuric acid. The oxidation is not quantitative. R. Kempf 
andE. Oehler said that the fact that when an aq. alkaline soln. of ammonium per- 
sulphate i s kept for some time the ammonia formed is quantitatively oxidized to nitric 
acid, whereas wlien silver peroxide is present the main oxidation product is nitrogen, 
is accounted for by the different velocities of the two reactions, the latter being 
much more rapid than the former. If the first reaction is accelerated by raising 
the temp. , nitrogen is also formed. The effect of silver salts as catalysts was studied 
by 0. V. King. L. Santi observed that ammonium chloride yields nitrogen and 
chlorine, or even hypochlorous acid. E. Pannain found that when laydrazine is 
liberated from its salts by cone, potash-lye, there is a vigorous reaction : 
2K2B208+^"2H4.H2S04+6K0Ii=5K2S04-bN24-6E20. D. M. Yost found that 
the rate of o^adation by persulphuric acid, in the presence of a silver salt, is pro- 
portional to the cone, of the S208""ions and the Ag(NH3)2‘-ions ; but is only slightly 
affected by the cone, of the ammonia, and of the OH'-ions. The increase caused 
by ammonia is probably due to the formation of Ag(NH3)‘-ions, which are more 
active, and OH'-ions may decrease the rate of forming non-ionized Ag(NH3)OH. 
As indicated in connection with phosphorous acid — 8. 50, 17 — this acid is oxidized 
by potassium persulphate with iodine as catalyst. The phosphorous acid 
oxidation is a very slow process, without the iodine ; the oxidation in the 
presence of potassium iodide is a consecutive process involving the liberation of 
iodine from potassium iodide, and the subsequent oxidation of the phosphorous 
acid. The observed results agree with those calculated from the theory of con- 
secutive reactions. There is a period of induction, and the reaction between the 
persulphate *ind iodide is accelerated by copper or ferrous salts. M. G. Levi and 
co-workers found that arscnic passes into soln. as an anion when treated with a 
soln. of potassium persulphate, while antimony and Msmutli form insoluble oxides. 
B. fifriitzner determined the persulphates by reducing the persulphate in an excess of 
a boiling alkaline soln. of arsenic trioidde/aiid titrating the excess with iodine sola. 
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H. Marsliali " and co-workers showed tliat many organic colouring agents 
like indigOj tumeriCs and litmus are slowly bleached by acidic or alkaline soln. of 
persulphates, while paper and cloth become quite rotten after being dipped in a 
soin* of potassium persulphate. The activity of ammonium persulphate is greatly 
enhanced in the presence of silver nitrate, thus methyl orange and indigo are 
bleached. R. Kempf showed that benzene in the presence of nitric acid and silver 
nitrate is oxidized to quinone ; and quinone, in turn, to maleic ac^d and carbon 
dioxide together with formic acid and carbon dioxide ; oxalic acid is quantitatively 
converted to carbon dioxide without the silver salt. K. Elbs and 0. Schdnherr 
found that the oxidation in acidic or alkaline soln. is incomplete. P. C. Austin 
found that in the presence of a silver salt, toluene is oxidised to benzaldehyde and 
benzoic acid, and thymol forms dithymol — G-. (x. Henderson and R. Boyd obtained 
indefinite results wuth persulphate in alkaline soln. C. Moritz and R. Wolff enstein 
found that with the aromatic hydrocarbons not only are the alkyl groups attacked 
to form carhoxylic or aidehydic groups, but hydrogen is removed and the mole- 
cules condensed in pairs. Thus toluene forms benzaldehyde and dibenzyl : 
2 (CqH 5.CH3)H-H2S203=C6H5 .CHo.CH 2.C6H5-1-2H2S04 ; ethjdbenzene forms di- 
methyldibenzyl and phenylacetaldehyde ; d-xylene forms diorthometbyldi- 
benzyl ; etc. N. Tarugi found potassium cyanide and persulphate in alkaline 
soln. in the presence of an excess of ammonia react whereby 75 per cent, 
of the cyanide is converted into carbamide by way of potassium cyanate ; and 
E. Schwarzenauer, and M. Dittrich and C. Hassel found that complex cyanides like 
potassium ferro- and ferricyanide are decomposed by persulpbates in the presence 
of a mineral acid, forming hydrogen cyanide and small amounts of ammonium 
salts. L Bellucci and B. Ricca found that when persulpbates are heated with 
potassium ferrocyanide, the hydrogen cyanide evolved is partly oxidized to 
cyanogen. H. Marshall, and R. Namais found that when alcohol is heated with 
a persulphate to 70^-80° aldehyde ivS formed. M. A. Gordon found that when a 
soln. of sodium persulphate is heated with acetic acid, or sodium acetate,' carbon 
dioxide and one or more hydrocarbons — methane, ethane, and olefines — are pro- 
duced, for simultaneously with the oxidation, there is the catalyzed reaction ; 
CH3.C00H=CH4+C02. R. Namais showed that many organic compounds 
capable of oxidation, particularly closed chain compounds, give up hydrogen, 
and yield sulphonic derivatives — e.g, quinol forms an insoluble sulpho-compound ; 
while diaminophenol, ^s-phenylenedlamine, and p-aminophenol give a characteristic 
colour reaction. When a persulphate is added to a cold soln. of aniline hydro- 
chloride, a dark green precipitate is formed, which is insoluble in water or alcohol, 
and when treated with a soln. of sodium hydroxide or carbonate, turns dark green, 
but remains insoluble. K. Elbs found that ammonium persulphate introduces a 
hydroxyl-group directly into the benzene nucleus — e,g. o-nitrophenol in alkaline 
soln. forms nitrohydroquinone ; T. Kumagai and R. Wolfienstein found that 
p-cresol in neutral soln. gives dihydroxydibenzyl ; in alkaline soln., 3 : 4 dihydroxy- 
toluene and in acidic soln., 2 : 5 dihydroxytoluene is formed and the methyl 
group migrates to the ortho-position ; and Chemische Fabrik auf Action vorm. 
R. Schering found that salicylic acid gives 2:5 or 2 : 3 dihydroxybenzoic acid ; 
Farbenfahriken vorm. F. Bayer, that hydroxyanthraquinone gives alizarine, and 
alizarine, purpurine. N. Caro, and the Badische Anilin- und Sodafabrik showed 
that in acidic soln., aniline furnishes aniline black or emeraldine ; in alkaline soln., 
azobenzene and phcnylquinonediimide are forme(i ; and in neutral so^n., an orange- 
brown precipitate is produced. According to L. Hiigounenq, nric acid is oxidized 
by ammonium persulphate at the ordinary temp., and converted into allanturic 
acid, carbamide, and glycine. In presence of an alkali hydroxide, the reaction is 
more energetic, btit the products are carbamide and ammonium allanturate, the 
action being similar to that of lead or managnese peroxides, potassium perman- 
ganate or ferricyanide, or ozone. Allantoin is probably formed as an intermediate 
product, but if the proportion of persulphate is reduced wdth a view to isolate it. 
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the greater part of the uric acid remains unaltered. Bilirabin in presence of an 
alkali is completely and instantly converted into biliverdm, and the reaction afiords 
the best method of preparing the latter. Hsematm in presence of ammonia is 
attacked in the cold, and after boiling for two or three minutes, the black solution 
]>ccoines colourless and a precipitate of ferric hydroxide is formed. This reaction 
can be utilised for the detection of iron in hmmatin and probably also in haamoglobin 
and the ferruginous nucleins. Blood diluted and mixed with excess of ammonia 
is oxidized and decolorized after a few hours at the ordinary temp, with production 
of a pale yellow liquid and a slight ochreous precipitate. The same change is pro- 
duced in a few minutes on heating. E. Seel studied the oxidation of alom by 
potassium persulphate and obtained what was thought to be aloin red. Many 
alkaloids give characteristic colour reactions— D. Vitali showed that strychnine 
is precipitated as insoluble strychnine persulphate, (C2iH220oN2)2H2S208.H20, 
and hence ammonium persulphate has been recommended as an antidote in 
strychnine poisoning. 

According to B. Moreau, ^ the persulphates exert a favourable influence on meta- 
bolic x>rocesses, they stimulate the appetite ; and they revive the strength of 
invalids in a manner similar to arsenites and vanadates, but they are less toxic. 
They have also ]>oen recommended as antiseptics. J). Vitali, however, observed 
that the antiseptic action of the persulphates is small, and in large doses they are 
])oisonous. N. Taiugi found that the per-adids associated with products found in 
living organisms can dissolve mercury and calomel. S. Sawa observed that soln. 
with 0 * 01 per cent, of persulphate act banefully on plants. 

M. G. Levi ^ and co-workers observed the corrosive action of soln. of the per- 
sulphates on titanium ; and A. Bach found that in sulphuric acid soln., the 
persulphates do not give with titanium salts the yellow coloration characteristic of 
hydrogen dioxide ; if sulphuric acid be anhydrous, the yellow coloration may be 
produced although no hydrogen dioxide is present. E. Knecht and E. Hibbert 
found that ammonium persulphate oxidizes a soln. of titanium trichloride quantita- 
tively, and if an excess of the latter has been added, the excess can be titrated with 
a soln. of a ferric salt and the persulphate accordingly determined. 

H. Marshall found that soln. of potassium persulphate dissolve many of the 
metals illustrating the case of a metal dissolving in a soln. of a normal salt producing 
a soln. containing only normal salts. A. Bringhenti, and M. G. Levi and co-workers 
stated that all the metals they examined — Cu, Ag, An, Mg, Zn, Cd, Hg, Al, Ti, Sn, Pb, 
As, Sb, Bi, Cr, Se, Te, U, Mn, Fe, Ni, Co, Pd, Pt — excepting gold and platinum, react 
with the persulphate soln., either passing directly into soln. or remaining nndissolved 
in the form of oxides or basic salts. In general, the reaction is slower for ammonium 
than for potassium persulphate, probably owing to the slightly greater degree of 
j dissociation of the potassium salt ; in the catalysis with platinum, the tendency is 
in the opposite direction. In general, those metals go into soln. as anions which in 
their general chemical behaviour exhibit a marked non-metallic character, such as 
chromium, manganese, selenium, arsenic, molybdenum, etc. ; some metals of this 
type, however, such as antimony, axe transformed into insoluble oxides. The 
general action with these metals is hence oxidation by the persulphate with inter- 
vention of water. Elements which are distinctly metallic in character pass into 
solution as cations, the persulphate being decomposed, sometimes with evblutioii of 
gar.. With zinc, nickel, cobalt, etc., no gas is evolved, and in these cases the reaction 
is probably represented by Zn+XaSaOg—ZnSO^+XgSO^, or by (i) Zn+X2S208 
-|-H20=Zn0^H2S04+X2S04, and (ii) Zn0+H2S04=ZnS04+H20 ; according 
to the latter interpretation, the solution may remain nentral or become acid, this 
depending on the relative velocities of both the reactions. When gas is evolved, this 
is found to be hydrogen, at any rate for cone, persulphate soln. The reaction 
studied are, except in the cases of gold and platinum, more chemical than catalytic in 
nature. They proceed with diJSerent velocities for diRerent metals, although the 
velocity does not always bear any evident relation to the oxidizability of the metal. 
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or to its readiness to attack bj sulplniric acid. Tiie tendency to form double salts 
or complexes doubtless plays a part. H. Marshall found that with copper, a soln. 
of cupric sulphate is formed, and a slight reddish deposit is formed on the metal, 
(jSrH4)2S208+Cu=CuS04-f-(NH4)2S04^ — M. G. Levi and co-workers added that 
there is a slow evolution of gas. R. Namais said that copper is not attacked by 
neutral or acidic soln. of the persulphates, but is rapidly attacked in the presence of 
ammonia. J. W. Turrentine found that copper behaves in ammonium persulphate 
soln. like a copper anode in a soln. of ammonium sulphate. R. Namais found that 
silver is gradually dissolved by either acidic or ammoniacal soln. of the persulphates. 
H. Marshall added that the reaction may be used in place of nitric acid fox etching 
copper or silver. According to E. Groschuff, copper and copper alloys, in which the 
percentage of copper is predominant, can be coloured black by heating the metal for 
some minutes at 100'^ in a 5 per cent. soln. of sodium hydroxide to which one per 
cent, of potassium persulphate is added from time to time until the desired colour is 
obtained. For brass and aluminium bronze, a 10 per cent. soln. of soda-lye is used. 
H. Marshall observed that silver is gradually corroded : K2S208+2Ag=K2S04 
-f Ag2S04, and by a second reaction a black deposit of silver peroxide is formed : 
Ag2S04+K2S2^8+H20=K2^^4+^H2S04+Ag20 ; gold is not attacked. Accord- 
ing to G. I. Higson, a soln. of sodium or potassium persulphate converts silver into a 
peroxide containing a greater proportion of oxygen than corresponds with the formula 
Ag202, whilst the acidity of* the soln. at the same time increases. When a cone. 
(20 per cent.) soln, of the sodium salt is used, the peroxide can rapidly be obtained 
in quantity, but owing to the much smaller solubility of the potassium salt the 
reaction with this is much slower (for example, eighteen hours) and the yield much 
lower, for the peroxide is unstable and decomposes continuously from the time of 
its formation. With the ammonium salt, no peroxide is formed, but the ammonium 
radicle is oxidized. When the reaction is contiiiued for more than about one hour, 
the product is contaminated with sulphate, which is always present to a slight extent. 
The same peroxide is produced when persulphates react with silver nitrate, again 
with increase in acidity, but in this case the contamination with silver sulphate is 
greater. This contamination is due to the catalytic decomposition of persulphates 
by silver ions, whereby in the case of the sodium and potassium salts, the reaction 
S20''8+H20-->2HS04^+0 is immensely accelerated. The H804'-ions thus formed 
react continuously with silver-ions, and as th^ese axe present in much greater quantity 
when silver nitrate is used, the amount of silver sulphate formed is consequently 
greater in this case. Moreover, the catalytic effect increases with increase of cone, 
of the silver ions, and this again tends to produce more contamination when silver 
nitrate is used in the preparation. ^ A possible explanation of this catalytic effect is 
the intermediate formation of silver persulphate, which then immediately reacts 
with the water : Ag2S208+H20-^Ag2S04+2H*-f O+SO4''. The presence of an 
oxidizable substance, such as gelatin, prevents the formation of peroxide, whilst it 
is itself oxidized ; but it does not prevent the catalytic decomposition of the per- 
sulphate, with formation of acid sulphate. The reaction in the presence of an 
oxidizable substance is taken to be 6Ag+8S208'^+5H20->6Ag*+6S04''-+-10HSO/ 
+b0. The acidity is not due, as M. G. Levi and co-workers supposed, to the forma- 
tion of sulphuric acid simultaneously with silver oxide, but rather to the decompo- 
sition of the water during the reaction: S20g"^+H20“>2HS04'-l-'0, where the 
oxygen goes to the silver. The action of ammonium persulphate on silver has led 
to its use as a density reducer for negatives, a reaction discussed by H. Marshall, 
X W. Dodgson, D. M. Yost, 0. V. King, and E. Stenger and G. Heller. 

H. Marshall found that magnesium is quietly dissolved by a soln. of potassium 
persulphate : K2S208+Mg==K2S04+MgS04, but, added M. G. Levi and co-workers, 
magnesium acts very violently with a soln. of ammonium sulphate, and ammonia 
is evolved, 0. Aschan obtained complex salts by the action of magnesium, zinc, cad- 
mium, iron, nickel, and cobalt on cold, aq, soln. of the alkali persulphates. H. Mar- 
shall found that zinc dissolves quietly as in the case of magnesium ; and R. Namais 
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also observed that zinc is dissolved by neutral soln. of tlie persiiipbates. H. Mar- 
shall said that cadmium behaves like zinc; J. W. Tiirrentmo said tliat cadmium 
bears out the analogy between chemical corrosion in soln. of anuuonium persulphate 
and electrolytic corrosion in soln. of ammonium sulphate. H. Marshall found that 
mercury is rapidly attacked, forming a slight black deposit which soon gives way to a 
yellowish-white precipitate. In the presence of free sulphuric acid, a white precipi- 
tate only is produced, and this is also the c/ise with soln. of ammonium persulphate. 

N. Tarugi also said that mercury is vigorously attacked and especially so by an 
ammoniacal soln. of ammonium persulphate. If the temp, of the reaction is not 
allovred to rise above 60*^, the liquid deposits ammonium mercurous diamniino- 
persuiphafce on cooling. The reaction was studied by S. Stern. P. Neogi and 
R. C. Bhattacharyya found magnesium amalgam reduces persulphates to sulphates. 
The action of a soln. of potassium persulphate on aluminium was found hy 
H. Marshall to resemble its action on magnesium, or zinc ; according to S. E. Shep- 
pard, if a strip of copper, brass, or bronze is dropped into a soln. of potas- 
sium persulphate it is blackened readily and completely, whereas if it is slowly 
lowered into the soln., blackening either does not take place or is merely a patchy 
tarnish. The oxide layer forms a soft, velvety pile which consolidates when 
rubbed to a smooth and semi-lustrous layer. The phenomenon is evidently 
associated only with the difference in the time exposure of the metal to the air-soln. 
interface, and normal blackening can be caused by mechanical or chemical protection 
of the metallic surface as it passes the interface where mol oxygen is accumulating 
as a result of the reaction : K2S208+H20=2KHS04"(-0 ; and O+O—O2. The 
formation of a copper peroxide is assumed to cause the oxygen interference, with 
a subsequent reduction. E, Namais showed that aluminium is dissolved by neutral 
soln. of the persulphates ; and J. W. Turrentine, that the chemical corrosion of 
aluminium by ammonium persulphate is analogous to its electrolytic corrosion by 
ammonium sulphate. H. Marshall found that lead is attacked superficially since a 
protective film of sulphate appears to be formed ; cobalt dissolves, forming a pink 
soln., and a slight, dark-coloured deposit ; nickel sheet or wire is slightly attacked, but 
an electrolytic deposit of the metal dissolves rapidly. J. W. Turrentine observed 
the analogy between the chemical corrosion of nickel by ammonium persulphate, 
and its electrolytic corrosion by ammonium sulphate. II. Marshall showed that 
metallic iron dissolves very easily in soln. of persulphate ; with concentrated and 
slightly acid solution of ammonium persulphate the action is violent. If ordinary 
iron is used, a deposit of carbon remains. Iron is quickly attacked by the soln., 
even if it contains free ammonia, ferric hydroxide being formed ; and, as it-is pro- 
bable that no carbon compound is produced under such circumstances, this might 
form a convenient method of obtaining the total carbon in iron analyses. R. Namais 
also found that iron is dissolved hy neutral soln. of the persulphates, and, added 
J. W. Turrentine, the soln. of iron in ammonium persulphate subsequently 
deposits ferric sulphate, H. Marshall showed that platinum is not attacked 
by soln. of the persulphates ; and T. S. Price added that with gold and 
platinum, catalytic reactions, resulting in the decomposition of the persulphate, take 
place very slowly ; while sold, of potassium or ammonium persulphate are not 
attacked hy colloidal platinum. 

According to A. Seyewitz and P. Trawitz,ii when ammonium persulphate 
reacts with the metal osides the ammonia may be displaced with the formation of 
the metal persulphate : 2M0H+(NH4)2S208=M2S208+2H20-fNH3 ; or sesqui- 
oxides* or peroxides may be formed — ^for instance, this is the case with cobalt and 
lead hydroxides. With the sesquioxides or peroxides, part of the ammonia may he 
oxidized and nitrogen evolved, forming the corresponding sulphate — e.y. nickel 
sesquioxide and cupric oxide — or the sulphate is formed and oxygen evolved^ 
e.g. the sesquioxides of iron and aluminium, or the peroxides of mercury, ceriuna, 
bismuth, and platinum — or complete peroxidation may occur — eg. the hydroxides 
of chromium and manganese. 
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H- Marshali said tliat the most striking properties of the persulphates is rheir 
powerful oxidizing action whether in neutral, alkaline, or acidic solii. In many 
cases, the action is probably not a direct oxidation, for a mol of the persiilpiiute may 
take up an atom of metal, forming two rnols of sulphate. According to 1). Vitafi, 
persulphates decompose soln. of the metal salts, forming sulphuric aci<l, salphato, 
and oxygen, with the metal chlorides— barium chloride, the hot soln. forms 
hydrochloric acid which is attacked by the nascent oxygen, forming chlorine, ami 
barium sulphate is precipitated. In some cases, the metal peroxide is formeii 
—vide infra^ the persulphates. H. Marshall showed that with silver salts, a 
black silver peroxide is formed: 2AgN03-[-K2S208=2K]Sr03A-Ag2So08, followed 
by Ag2S208“|~^^^2^~'^S2^2“{“2^2^^4 > 2AgN03-f"-K2^2^8~l”^®-2^““^d^dIS0^ 

+ 2 lIIsfb 3 +Ag 202 - The product was examined by P. 0 . Austin, who showed that 
it is probably a mixture of silver peroxide and persulphate. D. M. Yost supposed 
it to be a tervalent silver compound ; and G. I. Higson made observations on 
this subject. N. Tarugi supposed that nitrous acid and silver permonosulphate 
are formed : 2 AgN 03 -f’E[. 2 S 208 “[~H 20 =^Ag 2 S 05 -l-K 2 ^^ 5 "i“H^^ 2 “i“-^^^ 3 j "while 

R. Namais said that perdisulphuric acid acts as a reducing agent on silver nitrate. 
D. Vitali showed that with barium and strontium salts, the sulphate is precipitated 
and oxygen is evolved, and he recommended this as a means of evaluating persul- 
phates. G. von Knorre found that cerous salts pass into ceric salts when heated 
with persulphates, and, unlike hydrogen dioxide, an excess of persulphate in the 
presence of sulphuric does not discharge the colour. H. Marshall observed that soln. 
of lead salts give a precipitate of lead dioxide only after the soln. has been made 
alkahne. D. Vitali shpwed that basic lead acetate with the persulphates gives a pre- 
cipitate which turns/blue when treated with acetic acid and tincture of guakcum. 
P. Schoop said that' the precipitate obtained by adding ammonium persulphate to 
lead acetate soln. is lead persulphate, but K. Elbs and 0 . Schonherr said lead sul- 
phate, and added that the pure persulphate gives no precipitate. J, E. Cain and 
J. C. Hostetter found that vanadic salts (quinquevalent vanadium) in cone, sulphuric 
acid are reduced by persulphate to the quadrivalent state. H. Marshall found that 
chromic salts are converted into chromates in acidic or alkaline soln. H. D. Dakin 
also observed that in alkaline soln. the oxidation to chromate is complete, but not so 
in acidic soln. unless a trace of silver salt be present as catalytic agent as recom- 
mended by H. Marshall. It is remarkable th^t mixtures of cone, nitric acid and 
potassium persulphate do not convert chromic salts into chromates, a reaction 
effected by potassium chlorate. The conversion of chromium and chromic salts into 
chromates by the persulphates is utilized in analytical processes by F. Ibbotson and 
R. Howden, H. B. Walters, G. von Knorre, M. Dittrich and C. Hassel, E. Namais, 
H. D. Dakin, etc. The oxidation is complete and can be represented by the irrever- 
sible reaction : 3(NI^)2S208+Cr2(S04)3+7H20=3(NH4)2S04+6H2S04+H2Cr207. 
When catalyzed by silver salts, D. M. Yost showed that it is probable that a tervalent 
silver compound is formed as an intermediary : 8203''+ Ag* =2804'^+ Ag*”, followed 
by 3 Ag‘’‘-f 2 Cf ''+7H20=Cr207^'+3Ag‘-fl4H*. The &st stage is supposed to 
determine the progress of the whole reaction when the second stage occurs very rapidly . 
The speed of the oxidation of chromic sulphate at 25 ° and 30 ° is proportional to the 
first power of the cone, of the persulphate and silver ions, but independent of the 
cone, of the chromic-ion, and not greatly affected by the cone, of the H'-ion. Hence, 
~(^[S20a'^J/*=:=«:[S208''][Ag*J, when ^= 0*333 at 25 °, and 0-765 at 35 °. This is in 
agreement with the assumption that the silver ion acts as a carrier catalyst through 
the formation of an intermediate silver compound. When a persulphate is treated 
with potassium ^chromate and sulphuric acid, and the liquid shaken with ether, 
unlike the case with hydrogen dioxide, the ether does not turn dark blue. D. Vitali, 
however, did not agree with this statement. H. Marshall found that when per- 
sulphates are added to a soln. of manganese salts, manganese dioxide is precipitated. 
H. D. Dakm showed that the composition of the precipitate varies with the temp., 
concentration, and proportion of persulphate employed. H, Marshall showed that 
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the oxidation can be carried still farther by digesting the mixture on a water-bath 
for some time, when a pink soln. of permanganic acid or alkali permanganate is 
slowly formed. The reaction is accelerated in the presence of silver salts. The 
reaction can then be utilized for the detection or colorimetric determination of man- 
ganese. A distinct coloration is produced in half a c.c. of soln. containing 0*001 
mgrm. of manganese. The reaction was studied from the analytical point of view 
by R. Namais, H. D. Dakin, M. Dittrich and C. Hassel, H. Kunze, H. Rubricius, 
H. E. Waiters, H. Wdowiszewsky, W. J.-Karslake, J. V. R. Stehinan, W. Gottschalk, 
H. Baubigny, 0. Brichant, G. von Knorre, M. Stanichitch, J. J. Boyle, P. Holland, 
M. R. Schmidt, M. Orthey, etc. H. D. Dakin observed that mixtures of nitric acid 
and potassium persulphate do not give a precipitate of manganese peroxide from 
manganous salts, a reaction readily effected by potassium chlorate. Soln. of the 
persulphate do not decolorize the permanganates, and this fact has been utilized 
to determine hydrogen dioxide in the presence of persulphates. J. A. N. Eriend 
showed that the results vary with the time occupied by the titration, with the cone, 
of the soln., and the proportion of sulphuric acid it contains. This result is due to a 
slow reaction between the hydrogen dioxide and the persulphate in the soln. so that 
for every mol of hydrogen dioxide not accounted for by the permanganate titration, 
a mol of persulphate disappears : H202+K2S203=K2S04+H2S04-f O2. T. S. Price 
and A. du P. Denning found that the concentrations of both the hydrogen dioxide 
and potassium permanganate in a mixed soln. gradually diminish. The reactions 
observed by J. A. N. Eriend may occur quickly because of the catalytic action of the 
manganese salt produced by the reduction of the permanganate, although 
J. A. N. Friend showed that manganese sulphate does not catalyze the reaction. 
A. Skrabel regards the effect as a case of induced or sympathetic reactions rather 
than catalysis ^er se. The reaction was also studied by A. Skrabel and J. P. Vacek, 
and R. N. J. Saal — vide mfra^ permonosulphuric acid. H.Marshall, and G. von Knorre 
showed that ferrous salts are oxidized to the ferric state : 2EeS04+(NH2)2S208 
=Ee2(S04)3+(NH4)2S04, and if ammonium persulphate is used, ammonium ferric 
alum will crystallize from the brown soln. The reaction is employed in the deter- 
mination of persulphates by M. le Blanc and M. Eckardt, where the excess of ferrous 
salt is titrated with permanganate. H. Marshall observed that when a persulphate 
is added to a cobalt salt, cobalt peroxide is precipitated ; E. Mawrow found the 
composition to be C03O4.3H2O, and if an excess of potash-lye be present, 
CC2O3.3H2O is formed. A. Coehn and E. Salomon proposed to utilize the reaction 
for separating cobalt and nickel, for nickel salts give a precipitate only after the 
addition of alkali-lye. L. Tschugaeeff and co-workers studied the oxidation of 
platinum salts by persulphates. 

Some reactions of analytical interest.— Many of the tests for persulphates 
resemble those for hydrogen dioxide; and some of the characteristic reactions 
previously indicated can be used — e.g, the action on aniline or aniline hydrochloride ; 
the action on strychnine ; etc. Unlike hydrogen dioxide, the persulphates do not 
decolorize potassium permanganate, they do not give the yellow coloration with 
titanium sulphate, or give the perchromic acid reaction with potassium dichromate 
and sulphuric acid ; nor is the yellow colour obtained with cerous salts discharged 
by an excess of persulphate, although it is with an excess of hydrogen dioxide. A two 
per cent, alcoholic soki. of benzidine, furnishes a blue colour with persulphates, and 
this enables one part of persulphate per million to be detected. Cone. soln. of 
persulphates give a brownish-yellow colour, and also a precipitate which dissolves to 
a dark yellow liquid. Hydrogen dioxide reacts similarly only in the |>resence of 
proteins — e.g. milk.12 *phe reactions with ferrous sulphate, and potassium iodide 
can be used quantitatively, and likewise also the hydrolysis to sulphuric acid : 
^2^2^8"hH20=04"H2S04-hH2B04 — vide supra^ 

In determining the proportion of hydrogen dioxide, permonosulphuric acid, and 
perdisulphuric acid in the presence of one another, H. Palme took advantage of the 
fact that permonosulphuric acid reacts immediately with potassium iodide, whilst 
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hydrogen dioxide reacts much more slowly, and persulphuric acid slowest of all. 
A sample of the soln. is mixed with potassium iodide and titrated rapidly with sodium 
thiosulphate, the time taken being noted, so that a correction can be applied for the 
small quantity of iodine liberated by the hydrogen dioxide and persulphuric acid. 
The quantity of i^ermonosulphuric acid is thus found. A second sample is then 
treated with potassium iodide and titrated with sodium sulphite, which reduces 
hydrogen dioxide. This second titration gives the sum of permonosulphuric acid 
and hydrogen dioxide. Finally, the persulphuric acid is estimated in a third 
sample by adding the calculated quantity of sodium sulphite to reduce the other 
two compounds, and estimating the persulphuric acid by the ferrous sulphate- 
permanganate method. The dilution for the titrations correspond with 2-0 
grms. of potassium persulphate per litre, of which 200 c.c. are titrated at a time. 
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§ 35 . The Persulphates or Perdisulphates 

H. Marshall,! and K. Elbs showed that ammonium persulphate, (^54)28203, 
is the most important salt of perdisnlphuric acid, and it is usually the starting 
point for the preparation of the other salts. Its electrolytic preparation in 
compartment cells was described by H. Marshall, M. Berthelot, and K. Elbs ; 
and in a cell without a diaphragm, by E. Miiller and 0. Eriedberger — vide supra. 
F. Fichter and K. Humpert found that ammonium persulphate is formed when 
fluorine acts on a soln. of ammonium hydrosulphite. Ammonium persulphate 
furnishes white monoclinic crystals which, according to A. Foot, have the axial 
ratios a :b: c=l-3001 : 1 : 1*1885^ and 11' ; and the optic axial angle 

2F=:70® nearly. The salt was analyzed by H. Marshall, and J. Moller, and the 
results agreed with the formula (^ 13 ^) 28203 . The electrical conductivity, and the 
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§ 35- The Persulphates or Perdisulphates 

H. Marshall/ and K. Elbs showed that ammonium persulphate, (NH4)28208, 
is the most important salt of perdisnlphuric acid, and it is usually the starting 
point for the preparation of the other salts. Its electrolytic preparation in 
compartment cells was described by H. Marshall, M. Berthelot, and K. Elbs ; 
and in a cell without a diaphragm, by E. Muller and O. Eriedberger ^ — vide supra. 
P. Eichter and K. Humpert found that ammonium persulphate is formed when 
fluorine acts on a soln. of ammonium hydrosulphite. Ammonium persulphate 
furnishes white monoclinic crystals which, according to A. Pock, have the axial 
ratios a : h : c=l *3001 : 1 : 1-1885^, and ^==76'' lY ; and the optic axial angle 
2E=^70^ nearly. The salt was analyzed by H. Marshall, and J. Moller, and the 
results agreed with the formula (NH 4 ) 2 S 203 . The electrical conductivity, and the 
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lowering of fclie ip. observed by J. Moller, are in agreement with tlie same formula. 
A, P. Sabaneeff showed that the salt is isomeric with hydroxylamine dithionate, 
(NH20H)2H2S20e. J. Moller gave 0*205'' for the lowering of the f.p. of water by 
1*4131 grins, of the salt in 150*7575 grms. of water. M. Berthelot gave for the heat 
of formation, (2S58058H,2N)=392*7 Cals. ; (2S, 80, 8H,2N,Aq.) =383*0 Cals. ; 
JH2S20saq.+NH3aq.=-^-(NH4)2S20saq. +383*0 Cals. The heat evolved when the 
salt decomposes (NH4)oSo08+Ho0soiid==2NH4(HS04)+0+27 Cals. ; (NH4)2S208soin 
+H20=H2804+(NH4)2S04+0+38*4 Cals. ; and (NH4)2S208soia d-HoO 
=2NH4(HS04) +0+37*1 Cals. The heat of soln. of one part of the salt in 
125 parts of water, at 10*5°, is —0*72 Cal., and in 75 parts of water, at 12°, 
—11*80 Cals. J. Moller gave for the electrical conductivity, /x, of a soln. of an eq. of 
the salt in v litres of water : 

V . . 12-225 12-553 15-528 35-16 

^ . . 109-41 112-40 117-66 120-94 

According to K. Eihs and P. Neher, sodium, potassium, and ammonium persulphates 
can be kept for years almost unchanged if dry and protected from sunlight. At 
ordinary temperatxiies aq. soln. show appreciable decomposition after some days, 
and with increasing temp, the rate of decomposition rapidly increases, and is further 
accelerated by sunlight ; at 100°, decomposition is practically complete in about 
an hour, though the actual velocity varies to a considerable extent with the cone., 
and the sodium salt is somewhat more stable thar^ the potassium and ammonium 
salts. The addition of sodium sulphate distinctly diminishes the velocity of 
decomposition, whilst the presence of 5 per cent, of sulphuric acid increases it 5 to 
10 times. 6. Agde and E. Alberti found that neither ammonium nor potassium 
persulphate, nor mixtures of these persulphates with 10 per cent, of organic impurity 
explode or cause rapid combustion of organic matter when heated at a steady rate. 
The organic matter is simply charred. Wooden boxes coated with paraffin are 
. recommended for packing the salt for transit. As an oxidizing agent sodium per- 
sulphate is the most useful salt, and it is often advantageous to diminish the velocity 
of the reaction, and so prevent the formation of molecular oxygen, by adding 45 per 
cent, of crystallized sodium sulphate. According to H. Marshall, ammonium 
persulphate is very soluble in water ; 100 parts of water at 0°, dissolve 58*2 parts of 
the salt ; K. Elbs said that 65 parts are dissolved at room temp. ; and B. Moreau, 
that water, at 8°, dissolves 58 per cent, of the salt. E. Weitz made some observa- 
tions on this subject, K. Elbs said that if the salt be purified by recrystallization, 
and dried over calcium chloride, it can be kept for months without perceptible 
decomposition, but when moist it decomposes at room temp, giving of! ozonized 
oxygen: {NH4)2S208+H20=2NH4(HS04)+0. The dil. aq. soln. when heated 
also gives ofi ozonized oxygen. The aq. soln. gives no precipitate with barium 
nitrate, but if boiled, barium sulphate is deposited. If treated with potassium, 
carbonate, potassium persulphate is deposited ; and when the solid salt is triturated 
with a cone. soln. of sodium hydroxide or solid sodium carbonate, R, Lowenherz 
observed the formation of sodium persulphate. H. Stamm studied its solubility 
in aq. ammonia, and found that soln. with 0, 0*198, 0*700, and 1*008 mols of NH3 
per 100 grms. of water dissolve respectively 0*656, 0*964, 2*108, and 3*0?8 mols of 
(NH4)2S20 s. Other reactions have been discussed in connection with the general 
properties of persulphuric acid. 

H. Marshall, and C. N. Otin tried to make lithium persulphate, Li2S208, by 
the electrolysis of a soln. of lithium sulphate in sulphuric acid at —20°, but although 
the persulphate was obtained in soln., it could not be separated in the sohd form. 
C. N. Otin evaporated in vacuo a filtered soln. of lithium carbonate in persulphuric 
acid ; and found that the pink, crystalline product contained about 82 per cent, of 
lithium persulphate — the remainder was lithium sulphate. The salt of a higher 
degree of purity was not obtained. R. Lowenherz obtained sodium persulphate, 
Na2S208, by triturating a cone. soln. of sodium hydroxide or carbonate with solid 
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ammonium persulpliate, and he crystallized the salt by adding alcohol or evaporat- 
ing in vacuo. It was also obtained by triturating solid, hydrated sodium carbonate 
with solid ammonium persulphate ; and also by electrolyzing a solii. of sodium 
sulphate as positive electrolyte and sulphuric acid as negative electrolyte, and 
neutralizing the former from time to time with sodium carbonate. H. Marshall 
found that the great solubility of the sodium salt prevented him making it by the 
electrolytic process, althongh th e anode liquor contained a soln . of the salt. Accord- 
ing to A. Bluiner, and the Vereinigte chemische Werke, beneficial results are 
obtained in the manufacture of sodium persulphate by the addition of simple or 
complex cyanides — e,g. potassium ferrocyanide — in small quantities to the electro- 
lyte. Alkali cyanates, thiocyanates, and cyanamides produce a similar effect. 
The addition of small quantities of potassium salts causes the sodium persulphate 
to separate in a granular form, and not as a paste which is purified only with 
difficulty. R. Lowenherz said that sodium persulphate is very soluble in water, 
and crystallizes badly. H. Stamm studied its solubility in aq. ammonia. 

H. Marshall precipitated potassium persulphate, ^7 adding potassium 

carbonate to a soln. of ammonium persulphate. H. Marshall, 0. Diesler, the 
Xonsortium fiir elektrochemische Industrie, and G. Teichner and P. Askenasy also 
obtained it by the electrolysis of a sat. soln. of potassium sulphate in sulphuric acid — 
nde supra. The salt is washed with cold water, or recrystallized by rapidly filtering 
and cooling the hot soln. H. Marshall said that the salt furnishes small prisms, 
or if slowly cooled, tabular and prismatic crystals, which, according to A. Fock, 
are triclinic prisms with the axial ratios a:h: 0=0*577)64 : 1 ; 0*57446, and 
21', ^=94° 15|', and y=91° 16'. Twinning occurs about the (OlO)-plane. 
J. Moller found the lowering of the f.p. agrees witli the mol. wt. 99 to 108 ; and 
H. Marshall’s analysis agrees with the formula K 282 O 8 . According to H. Marshall, 
the salt gives off sulphur trioxide and oxygen when heated. M. Berthelot gave 
for the heat of formation (2S, 80, 2K) =396*3 Cals, ; and (2S,80,2K,Aq,) 
=381*9 Cals. The heat of soln. is 14*36 Cals. H. Marshall measured the electrical 
conductivity, and G. Bredig gave for the electrical conductivity, A, of the aq. soln. 
for an eq. of the salt in v litres. 

t) ... 32 64 128 256 512 1024 

A . . . 118-4 126-3 132-7 137-2 140-7 143-5 

H. Marshall said that potassium persulphate is less soluble in water than any 
other sulphate : 100 parts of water at 0° dissolve 1*77 parts of potassium persulphate. 
The salt is more soluble in hot water with a slight decomposition. The aq. soln. 
gradually decomposes in the course of a few months at ordinary temp, and forms 
the acid sulphate with the evolution of oxygen ; the decomposition is faster when 
the aq. soln. is heated-— supra, ammonium persulphate, D. Vitali found that 
the salt decomposes in moist air, and by treatment with alcohol. A. Bach observed 
that with anhydrous sulphuric acid five-eighths of the active oxygen forms a higher 
pei-acid, and three-eigliths a simpler per-acid. H. Stamm, found that soln. with 
b, 1-662, and 3*524 mols of NH 3 per 100 gxms. of water dissolve respectively 0*030, 
0*022, and 0*026 mols K 2 S 2 O 8 . The general reactions have been described J)reviously 
in connection with persulphuric acid. 

A. E. Forster and E. F. Smith prepared rubidium persulphate, Rb^SgOg, by 
electrolyzing in a divided cell a soln. consisting of two-thirds sulphuric acid of 
sp. gr. 1*35, and one-third of a sat. soln. of rubidium sulphate. A white precipitate 
was slowly deposited at the anode, and it was washed with cold water. The salt 
crystallized from water in acicular, vitreous forms. They prepared in a similar 
way caesium persulphate9 CS 2 S 2 O 8 , and obtained it in colourless needles. H. Marshall 
obtained both salts by double decomposition with ammonium persulphate, and 
recrystallization from aq. soln. He said that the crystals are not isomorphous 
with those of the potassium salt (triclinic), but with those of the ammonium salt 
(monoclinic). As mixtures of the potassium salt with the others have been obtained 
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in well-formed monoclinic crystals, notwithstanding a great preponderance of 
potassium salt, the three salts form an isodimorphous group. A. R. Forster and 
E. F. Smith said that 100 parts of water dissolve 34 parts of rubidium persulphate 
at 22*5°, and 8-71 to 8*98 parts of cgesium persulphate at 23°. 

H. Marshall obtained a very impure copper persulphate^ CUS2O8, by double 
decomposition between copper sulphate and barium persulphate. During the 
evaporation of the filtered liquid, decomposition occurred with the formation of 
a considerable quantity of sulphate, and free acid. If the free sulphuric acid he 
neutralized from time to time by the addition of some barium carbonate, double 
decomposition occurs, forming insoluble copper carbonate and soluble barium 
persulphate. The evaporation of the soln. of the copper salt gave a blue, deli- 
quescent, crystalline solid containing sulphate and persulphate. As in the case 
of the zinc salt (q.v.), G. A. Barhieri and F. Calzolari prepared copper tetrammino- 
persnlphate, GiiS20g.4NH3 ; and copper pyridinopersulphate, CUS2O8.4C5H5N. 
G. T. Morgan and F. H. Burstall prepared copper bisethylenediailiiliopersiil* 
phate, [Cu en2]S204, in purple-red, aciciilar crystals, by adding potassium per- 
sulphate to an aq. soln. of a mol of copper sulphate and 2 mols of ethylenediamine, 
and washing the product successively with cold water, alcohol, and dry ether. 
The salt is very unstable, and liable to explode. It is decomposed when left in 
air in a desiccator leaving a blue residue. The salt detonated on percussion and 
exploded on heating or on warming with cone, sulphuric acid. Although only 
very sparingly soluble in cold water, the persulphate dissolves more readily on 
warming ; the purple soln. which changes to blue without appreciable evolution 
of gas, yields with barium salts a copious precipitate of barium sulphate. Silver 
nitrate gives no reaction in the cold, but, on warming oxygen is evolved and the 
purple soln. changes to blue. Cone, hydrochloric acid causes decomposition with 
evolution of chlorine. 

According to H. Marshall, when silver nitrate is treated with potassium per- 
sulphate, no immediate precipitate is obtained, but the liquid gradually acquires 
an inky appearance, and, after some time, a black precipitate of peroxide of silver 
separates. The liquid at the same time becomes strongly acid. This action is 
apparently due to the fact that silver persulphate is decomposed by water like some 
other silver salts of acids of sulphur, sulphur trioxide being removed : 
Ag2S04-j-H20=Ag20-)-H2S04. The accumulation of acid seems to stop the action, 
as the cautious addition of dil. alkali produces a further precipitation. This 
reaction — noticed before the nature of the salt was known — was at first supposed 
to be a reducing one, with separation of metallic silver — vide silver peroxysulphate, 
3. 22, 23. Silver pyridinoperdisulphate is formed in golden yellow acicular crystals, 
Ag2S2084C5H5N, by adding a soln. containing silver nitrate and pyridine to a cold 
soln. of potassium perdisulphate. The salt is stable in diffused light ; is instantly 
decomposed by dil, ammonia ; and furnishes argentic oxide, AgO, when treated with 
dil. acids or alkali hydroxide soln. 

H. jMarshall obtained impure calcium persulphate, possibly CaS208.'wH20, in 
a very soluble form very difficult to crystallize. A. Kailan examined the action of 
radium radiations on the salt. A. H- Erdenhreoher obtained calcium persulphate 
by extraction with alcohol from a dried mixture resulting from the action of calcium 
oxide on ammonium persulphate. H. Marshall obtained impure strontium per- 
sulphate, SrS20g.«H20, as a very soluble salt difS.cult to crystallize ; and barium 
persulphate, BaS208.4H20, by triturating a sat,, aq. soln. of ammonium persulphate 
with an excess of barium uydroxide, and passing a current of air over the product 
to drive off the major portion of the ammonia. The remaining ammonia was 
removed in vacuo over sulphuric acid. Carbon dioxide was passed through the 
liquid to remove the excess of barium hydroxide, and any barium hydrocarbonate 
formed was decomposed by placing the soln. in vacuo for a short time. The filtrate 
was evaporated in vacuo, and any sulphuric acid formed by the decomposition of 
the soln. was neutralized from time to time with barium hydroxide. The evapora- 
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tion is disconfci lined as soon as crystals l^egin to form ; the crystals are redissolved 
in the smallest possible amount of water, and the filtered soln. cooled with ice, so 
that crystallization occurs. The resulting transparent, interlocking, more or less 
striated, prismatic, probably monoclinic crystals are more pure than those obtained 
by the gradual evaporation of the aq. soln. The crystals become turbid in a few 
days owing to the formation of barium sulphate, and they then ciiinible to form 
a moist, powdery mass. The crystals are best preserved in a moist atm. 100 parts 
of water dissolve 52’5 parts of the salt at The aq. soln. gradually decomposes ; 
and a dil. aq. soln. may remain clear until near the b.p. when it becomes turbid 
owing to the separation of barium sulphate. The last traces of persulphate are 
destroyed only hy prolonged boiling. If the crystals of the Mraliydrate are digested 
for several days with successive portions of absolute alcohol, the latter removed with 
anhydrous ether, and the product dried in a current of dry air, the monohjdmte, 
BaS^Og.Hc^O, is formed. The salt cannot be dehydrated any further without 
decomposition : BaS 203 .H 20 — BaS 04 +H 2 S 04 '+ 0 . M. Berthelot gave for the 

heat of decomposition BaS 20 gaq. 4 -H 20 =BaS 04 +H 2 S 04 +U+ 44-2 Cals. ; and for 
fche heat of neutralization, (H2S208,Ba(0H)2aq.)=27*C Cals. 

H. Marshall did not succeed in making magnesium persulphate, MgSoOg, by 
electrolysis. A wliite, muddy deposit of dehydrated sulphate was obtained, but 
no trace of persulphate could be detected. The mother liquor was not much 
oxidized. G. A. Barbieri and F. Calzolari prepared a complex salt — magnesium 
Mshexamethylenetetraminopersulphate, ]\IgSo 04 . 8 H 20 . 2 C 3 Hi 2 N 4 . 0. Aschan ob- 
tained ammonium magnesium persulphate, Mg(NH 40 ) 2 (S 02 . 0 ) 2 . 6 H 20 , by the 
action of magnesium on a cold soln. of ammonium persulphate ; with sodium 
persulphate, sodium magnesium persulphate, Mg(17a0)2(S02.0)2.4H20, is formed; 
and with potassium persulphate, potassium magnesium persulphate, 
Mg{K0)2(802.0)2.6H20, is formed. H. Marshall obtained impure zinc persulphate, 
ZnSrtOg, in soln. by double decomposition between zinc sulphate and barium per- 
sulphate in the right proportions. On evaporating tlie filtered liquid over sulphuric 
acid in vacuo, a mass of minute needles was obtained. This deliquesced on exposure 
to air, and containcMi a large proportion of sulphate mixed with persulphate. The 
two could not bo separated owing to the great solubility of the sulphate, and the 
continuous decomposition of the persulphate. G. A. Barbieri and F. Calzolari 
prepared zinc tetramminopersulphate, ZtiS 208 , 4 NH 3 , by adding a cone. soln. of 
2 mols of ammonium persulphate to a cone,, strongly ammoniacal soln. of a mol 
of zinc sulphate. The crystalline product was washed with ammonia, and dried 
with bibulous paper. The crystals lose ammonia readily and explode on heating 
or by percussion. Tlic corresponding zinc pyridinopersulphate, ZnS20g.4C5hr5H, 
was also obtained. 0. Aschan prepared by the action of zinc on cold aq. soln. of 
ammonium, sodium, and potassium persulphates, the corresponding complex 
salts: ammonium zinc persulphate, Zn(NH 40 ) 2 (S 02 . 0 ) 2 . 6 H 20 ; sodium zinc 
persulphate, Zn(Na 0 ) 2 (S 02 - 0 ) 2 . 4 H 20 ; and potassium zinc persulphate, 
Zn(K 0 ) 2 (S 02 . 0 ) 2 . 6 H 20 / They also prepared cadmium hexamminopersulphate, 
CdS 208 . 6 NH 3 , in a similar way ; and likewise cadmium pyridinopersulphate, 
rdS 2 O 8 . 4 C 0 H 5 N. 0. Aschan obtained ammonium cadmium persulphate, 
Cd(]SrH40)2(S02.0)2.6H20 ; sodium cadmium persulphate, Cd(Na0)2(S02.0)2.- 
4 H 2 O ; and potassium cadmium persulphate, Cd(K 0 ) 2 (S 02 . 0 ) 2 . 6 H 20 , as in the 
case of the corresponding zinc salts, 

F. Fichter and S. Stern allowed a mixture of 10 giuns. of mercury, 20 grnis. 
of ammonium persulphate, and 50 to 60 c.o. of cone, aq. ammonia to react, and 
obtained mercuric tetramminopersulphate, [Hg*‘{NH 3 ) 4 ] 8208 , whichloses ammonia 
in air, but it can be recry^tallized from a soln. in cone. aq. ammonia. Mercuric 
acetate or nitrate, but not the chloride or cyanide, can replace the mercury. The 
salt is readily hydrolyzed to the mixture of basic salts. N, Tarugi found that mercury 
or mercurous chloride is readily attacked by an ammoniacal soln. of ammonium 
persulphate. If the temp, does not exceed 60'’, the cooling liquid deposits white, 
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aciciilar crystals, arranged in radiating agglomerates, of amnioiiiiim mercurous 
diamimiiopersiilphate> HN4.S2O8.Hg.2NH3, this substance is insoluble in nitric 
or , sulphuric acid, but dissolves in hydrochloric acid, and colourless guaiaciim 
tincture ; on heating it is decomposed by water, yielding the animonio-inercurons 
salt of Caro’s acid and ammonium sulphate : NH4.S208.Hg.2NH3-l-H20 

=NH4.S05.Hg+(NH4)2S04. The addition of water to the mother liquor remaining 
after the deposition of this compound causes the precipitation of an amorphous, 
white basic salt of the composition 2NH4.S04.Hg,2NH3,3Hg20. E. Fichter 
and S. Stern consider that N. Tarugi’s salt is the mercuric tetraniminoper- 
sulphate. 

A. R. Forster and E. F. Smith prepared thallous persulphate, probably TI2S2O8, 
by the method they employed for the rubidium and caesium salts ; and H. Marshall, 
by double decomposition of a thallous salt with ammonium persulphate. The 
impure salt furnishes crystals isomorphous with those of the monoclinic ammoninni 
salt. Thallous persulphate, Tr 9 S. 708 , is isomeric with thallosic sulphate, 
TrTr''(S04)2 or 112804,112(804)3.“ 

H. Marshall found that barium persulphate is easy to make because of the 
insolubility of the sulphate; lead sulphate is also insoluble, but the oxide and 
hydroxide are likewise insoluble. This makes the preparation of lead persulphate 
more difficult. If lead oxide be triturated with a sat. soln. of ammonium persulphate 
much ammonia is evolved, but lead dioxide and no persulphate is formed. He 
prepared lead persulphate by treating persulphuric acid, in the cold, with lead 
carbonate. The clear liquid was evaporated in vacuo, and the evaporating soln. 
was filtered from time to time to remove the lead sulphate. Lead persulphate, 
like the silver salt, requires the presence of free acid to prevent the deposition of the 
dioxide. Analysis of the product agrees with either the dihydrate or, more probably, 
the trihydrate^ PbS208.3H20. The salt is soluble in water ; it deliquesces in a moist 
atm. ; and a soln. of the salt gives a white precipitate of hydroxide when treated 
with alkalies. The white precipjitate soon forms the dioxide. This salt should 
not be confused with plumbic sulphate, Pb(S04)2 — 30 . 

H. Marshall showed that a soln. of a manganese salt when warmed with a per- 
sulphate gives a precipitate of the dioxide, G. A. Barbieri and F. Cakolari prepared 
a complex salt of manganese persulphate with hexaraethylenetetrammine, 
MnS208.8H20.2C6Hi2N4. M, Nakao prepared manganese persulphate by the 
electrolytic oxidation of manganous sulphate using a soln. in 50 per cent, sulphuric 
acid at about 50 °, and a current density of 5 to 16 amp. per sq. m. When the 
maximum formation is attained, the proportion of persulphate in the soln. gradually 
diminishes. Manganese persulphate oxidizes toluene at 50 °. H. Marshall found 
that cohalt salts behave like those of manganese, and G. A. Bapbieri and F. Calzolari 
obtained cobalt persulphate as a complex salt — manganese bishexamethylene- 
tetraminopersulphate, C0S2O8.8H2O.2C6H12N4. 0 . Aschan prepared by the pro- 
cess employed for the corresponding zinc salts : ammonium ferrous persulphate, 
Fe(NH40)2(S02.0).6H20 ; sodium ferrous persulphate, Fe(NaO)2(S02.0)2.4H20 ; 
and potassium ferrous persulphate, Fe(K0)2(S02.0)2,6H20. Likewise also 
with ammonium cobalt persulphate, Co(NH40)(S02" 0)2"6H20 ; sodium cobalt 
persulphate, Co(NaO)2(S02.0)2.4H20 ; and potassium cobalt persulphate, 
Co(K0)(S02.0)2.6H20. S.'M. Jorgensen obtained cobalt hexamminodisulphato- 
persulphate, [Co(NH3)6]2(S04)2(S208), in yellow rhombic plates, by the interaction 
of an ammoniacal soln. of cobalt sulphate and ammonium persulphate under press, 
H. Marshall found that nickel salts behave like cobalt salts, but the dioxide is pre- 
cipitated only in the presence of an alkali. G. A. Barbieri and F. Calzolari 
obtained a complex salt — nickel bishexamethylenetetraminopersulphate, 
NiS208.8H20.2CeHi2N4 ; as well as nickel pyridinopersulphate, NiS 208 . 4 C 5 H 5 N ; 
while nickel hexamminopersulphate, NiS208.6NH3, was obtained as in the case 
of the zinc salt: 0 . Aschan prepared the following salts by the process 
employed for the corresponding zinc salts : ammonium nickel persulphate. 
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Ni(NH40)2(S02.0)2.6H20 ; sodium nickel persulphate, M(lsra0)2(S0.,.0)o.4H.,0 ; 
and potassium nickel persulphate, Ni(lvO)2(S02.0)2.6n20. 

A. Villiers prepared what lie regarded as sodium disulphopersulphate, Na .BjUg. Boduuu 
thiosulphate was mixed with an insufficient quantity of water for solii., and the mixture 
sat, with sulphur dioxide ; if any salt remained undissolved more water was added, and 
the mixture was again saturated with the gas. A yellow soln. was obtained, and if this be 
evaporated immediately in vacuo, it evolves sulphur dioxide, and, if the temp, does not 
exceed 0°, only sodium thiosulphate is obtained from the residue. If the sohi. be allowed 
to remain at the ordinary temp, for two or three days, it will then absorb more sulpiiur 
dioxide, and if, after saturation, it is allowed to remain for a day or two and then evaporated 
in vacuo over sulphuric acid, it yields brilliant, white, brittle, anliydrous prisms of tlie 
anhydrous salt. The evaporation of the aq. soln. at a low temp, furnishes the dihydrate, 
Na2S408.2H20, in soft, waxy crystals arranged in nodules. If any tnthionate be present, 
the mixed crystals are exposed to air. The trithionate effloresces and the unaltered crystals 
of the dithiopersulphate are easily picked out. Tetrathionato is produced in addition to 
th© other two salts, and it is possible that the reactions take place in accordance 
with the equations: 2Na2S203H-3S02=NaoS406-hNa2S30g, and 2]Sra2S203-l-4SO.» 
=Na2S40e+Na2S408. Anhydi'ous sodium disulj)hopersulphato furnishes rhombic prisms 
which do not alter when exposed to air, but melt at 125°, and intiimesee at 140'’ giving off 
sulphur dioxide, and leaving a residue which contains a sulphate and free sulphur, but no 
alkaline sulphide. The hydrated salt decomposes slowly in the cold and rapidly when 
heated, with evolution of sulphurous anhydride and formation of the tnthionate. Sulphur 
dioxide has no action on the trithionate at th© ordinary temp. The disulphopersulphat© 
does not reduce potassium permanganate even when heated, but is converted into sulphate 
by the action of bromine, five equivalents of bromine being required for each equiv’-alent 
of the salt. Its soln. gives no precipitation with metallic salts except mercuric chloride, 
which produces a precipitate of sulphur. When boiled with cupric sulphate, there is no 
precipitation of cuprous sulphide as with the trithionate, except after prolonged ebullition ; 
cone, mineral acids seem to liberate dithiopersulphuric acid from its salts without 
decomposing it. Nitric acid above a certain strength, however, oxidizes it rapidly, and 
even explosively, with precipitation of sulphur and evolution of nitrogen oxides. A. Villiers 
afterwards showed that his disulphopersulphate was probably a tetrathionate, 
Na2S40e.2H20 ; but E. J. Maumend held that the disulphopersulphate really exists, and 
he called the anhydride, S4O7, corresponding acidH2S40fi, Vacide tctrasuljugiqne — ^the “ g 
was introduced because it is the seventh letter of the alphabet. 
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§ 36, Permonosulphuric Acid, and the Permonosulphates 

indicated in connection witli pcrdisulphiiric acid, M. Traiibc's ^ anomalous 
results witli persulpburic acid prepared by electrolysis were explained when N. Caro 
observed that at least two difexent persulpburic acids were involved. Under the 
influence of couc. sulphuric acid the perdisulphuric acid forms a variety which, 
unlike perdisulphuric acid, does not yield aniline-black when treated with aniline ; 
and which instantly liberates iodine from acidic soln, of potassium iodide, whereas 
the reaction with the perdisulphuric acid is comparatively slow. A. von Bayer and 
V. Yilliger showed that the formula for Caro’s acid is H2SO5-— permonosulphuric 
acid. They also showed that the product of the action of cone, hydrogen dioxide 
on sulphuric acid contains permonosulphuric acid, and not, as supposed by 
M. Berthelot, perdisulphuric acid. H. Ahrle attempted to make permonosulphuric 
acid from anhydrous hydrogen dioxide and either sulphuric acid or sulphur 
txioxide, but the results were not very satisfactory. He measured the 
equilibrium constant of the reaction H2S044-H202^H2S05+H20, and found 
that K in [H2S04][H202]=A[H2S05][H20] is about one-third — on the assumption 
that the permanganate^ titration is an accurate means of determining hydrogen 
dioxide in the presence of permonosulphuric acid, N. Caro, and T. S. Price, and 
J . A. N, Friend prepared permonosulphuric acid as follows : 

Ten grains of potassium perdisulpliate were triturated at a low ternp. with 20 gi*ms. 
of eono. faiilphurie acid, and the mixture allowed to stand for an liour — if a longer time is 
occupied, the mixture begins to decompose — and it is then diluted by pouring it on to 
crushed ice. Tiie sulphuric acid was then precipitated by the addition of freshly prepared 
barium hydrophosphate — barium carbonate or hydroxide decomposes the acid — and the 
liquid filtered through porous earthenware. The filtrate was then treated with a current 
ot air under reduced pressure until it no longer smelt of ozone. It contained about lb per 
fcmt. of the permonosulphuric acid, but no hydrogen dioxide ; and only a trace of 
barium sulpliate. 

R. H. Vallance prepared solu. of permonosulphuric acid as follows : 

A porcelain dish containi ng 20 gnu s. of powdered potassium jjerdisulphat© was embedded 
in a freezing mixture, and the salt triturated with 13 c.c. of concentrated sulphuric acid, 
tiie operation occupying about 15 minutes. The mixture was kept for 50 minutes, after 
which it was diluted by pouring on to 50 grms. of freshly made ice contained in a beaker 
deeply immersed in a freezing mixture. It was then neutralized by slowly adding a soln. 
of potassium carbonato (equivalent to the amount of sulphuric acid taken) in the smallest 
quantity of water, fresh lumps of ice being added when necessary. This operation occupied 
about 30 minutes, and the final neutralization was effected by the addition of a little 
anhydrous porassium carbonate. The mixture was filtered and concentrated in vacuo 
over sulphuric acid, until the vol was about 50 c.c. 

The relation of permonosulphuric acid to the other persulpburic acids was 
investigated by T, S. Price, T- M. Lowry and J. H. West, H. E. Armstrong, etc. 
This work has been discussed in what precedes. The general conclusion is 
that there is a progressive hydrolysis : H2S20s+H20=H2S04-f-H2S05 ; and 
H2S05+H20==H2S04+H202. T. S. Price prepared an impure potassium 
permonosulphate KHS05,*as follows : 

A soln. of permonosulphuric acid was prepared by the action of 25 c.c. of cone, sulphuric 
acid on 25 grms. of potassium perdisulphate as indicated by T. S. Price, and J . A, N. Fnend. 
1'he soln. was diluted and neutralized at the same time by being run very slowly into a soln. 
of potassium carbonate (containing enough carbonate to neutralize the sulphuric acid 
taken), in which was ice freshly made from distilled water. The temp, of the aq. soln. of 
potassium carbonate, which was —7° before the soln. of permonosulphuric ^id was run 
in, gradually rose to about 0° during the process of dilution. The potassium sulpha^ 
which sepa<rated out was filtered ofi, the mother liquor being drained away as cornpletely 
as possible. The filtrate generally contained an amount of persulpburic oxy^gen which was 
eq. to about 18 grms. of HaSOg per litre. If the mixture containing tlr©^ acid was 
clilut<^ by being poured on to broken ice, and then neutralized with potassium carbonate, 
the filtrate was only about half the above strength. The filtrate w’as generally 
was neutmlizedby the further addition of anhydrous potassium carbonate, which was ^dded 
carefully until no further effervescence took place. Potassium sulphate was separated 
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from the neutral soln. by freezing, and the soln. evaporated to dryness in a vacuum 
desiccator over cone, sulphuric acid. The process of evaporation Uisted between a week 
and a fortnight, and the potassium sulphate, which separatt‘d out continuously, was filteied 
off from time to time until the soln. becanui so concentrated that it could not be tiltej-ed 
without undergoing appreciable loss ; it was then allowed to e\ ajiGrate to dryness. 1 )uniie: 
tlie evaporation of the soln., the cone, of the permoiiosulphato continually mcrea.s(‘s, hut 
at the same time some of the salt decomposes with the formation of potassium liydro-reu 
sulphate. This is the reason -why it is immaterial wliether the neutralization with potassium 
carbonate be exact or not. The mixture so obtained was powdered as finely as possi})ie, 
and finally dried in a vacuum desiccator. The permonosulphat© contained potassium 
sulphate, hydrosulphate, perdisuli^hate as impurities. 

Permonosulpliuric acid was obtained by tbe Badisclie Anilin- nnd Sodafabrik, 
T. S. Price, J. A. N. Friend, A. von Baeyer and V. Villiger, M. Mugdan, and 
2^. Caro, by the action of sulphuric acid on persulphates or persulplmric acid, as 
indicated above ; it was also obtained by the Badische Anilin- und Sodafabrik, 
A, von Baeyer and V. Viliiger, and K. Elbs and 0. Schonherr by the electrolysis 
of cone, sulphuric acid, for the primary perdisulpburic acid (^.v.) is hydrolysed by 
sulphuric acid of the right concentration. C. Tubandt and W. Riedel said that 
when freshly precipitated nickel dioxide is treated either with dil. or cone, sulphuric 
acid, or with cone, potassium hydrosulphate, a soln. containing permonosulpliuric 
acid is formed. J. d’x\ns and W. Friederich synthesized the pure, anhydrous acid 
by gradually adding the theoretical proportion of 100 per cent, hydrogen dioxide 
^to xuire, well-cooleci chlorosulphonic acid: ClHS034-H202==-HCl+H2S0r,. When 
the evolution of Iiydrogen chloride has ceased, the mass was allowed to warm up 
slowly, and the hydrogen chloride pumped off. The frozen mass was purified 
]>y centrifuging, and subsequent fusion, and recrystallizatioii. 

The properties o£ permonosulpliuric acid. — The anhydrous acid prepared by 
J. d’Ans and W. Friederich is a white crystalline solid which melts at 45 '^ with 
slight decomposition. It can be kept for several days as a solid, but gradually 
loses ozonized oxygen. When moist it decomposes rapidly, and some perdisulpburic 
acid is formed at the same time. Thus a 97 per cent, acid, after 8 
days, contained 82*7 per cent. H2SO5 and 15*3 per cent, H2S20g. It reacts 
like anhydrous perdisulpburic acid, but not so vigorously. Even when the 
anhydrous acid is dissolved in ice-cold water, it undergoes slight decomposition, 
H2SO54- H20?=^H202-fH2S04. A cryoscopic determination of the mol. wt. in 
aq. soln. agrees with the assumption that the acid is completely ionized 
H2S05^H*-(~HS05^ According to A, von Baeyer and V. Viliiger, the aq. soln. is 
fairly stable in the presence of 8 per cent, sulphuric or phosphoric acid. T. S. Price 
found that 10 c.c. of the acid, eq. to 27*7 c.c. of thiosulphate, was, after 84 
days, eq. to 27*1 c.c., and after 29 days more, to 26-8 c.c. A. von Baeyer 
and V. Viliiger said that the soln. generally has a strong odour resembling bleaching 
powder — due, they said, to the presence of volatile S2O8 — according to E. Bamberger, 
and H. Ahrle, the odour resembles ozone. In acidic soln., permonosulphuric acid 
is more stable than perdisulpburic acid, but in neutral or alkaline soln., less stable. 
E. Willstatter andE. Hauenstein observed that the alkaline soln. readily decomposes, 
but it is more stable in the presence of a large excess of potassium hydroxide. 
E. Bamberger said that the acid neutralized by potassium carbonate is decom- 
posed when warmed with a cttalyst — say platinum sponge — and ozone is evolved. 
H. Ahrle said that the decomposition of cone. — 92 per cent.— ^soln. is rapid at the 
body temp. ; and that tbe decomposition is explosive in the presence of smooth or 
hnely-divided platinum, manganese dioxide, or silver. The action is not violent 
with zinc dust, lead dust, magnesium powder, or wood charcoal ; and the soln, is 
not decomposed by j&nely divided iron. T. S. Price, and L A. N. Friend showed 
that a dil. soln. of the acid decomposes very slowly in the presence of colloidal 
platinum, but if hydrogen diosdde be present there is a rapid evolution of oxygen, 
probably due to the reaction H2SO5+H2O2—H2SO4+H2O+O2, which is accele- 
rated by the platinum. The Konsortium fiir elektroohemische Industrie, 
E. Anders, 0. IJrbasch, Oesterreichisehe chemische Werke and L. Lowenstein, 
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find IF. Tri(*lin<‘r prt‘])ar(Hl ]iydr()(»<ni dloxido from tin' ]iydrolyz(‘d perinonosulpliuric 
acifl. 

Tiie react-iuiis of pennon os ulpli uric acid closely roscmLlc those of j)erdisulpliuric 
acid. K. Wedekind showed that hydrofluoric acid is not attacked by permono- 
Milpliurie acid, and attempts to jjrcpare huorine by the action of the acid on hydrogen 
fluoride gave negative results. The acid liberates chlorine from hydrochloric acid 
or hydrogen chloride and bromine from hydrogen bromide. As previously 
indicated, the acid liberates iodine immediately from potassium iodide, while the 
action with perdisulphiiric acid is slow, and very slow with hydrogen dioxide and 
dil. sulphuric acid. 

According to N. Caro, and the Badische Anilin- und Sodafabrik, permono- 
ulphuric acid oxidizes the aniido-group of the primary amines to nitroso- and 
ndro-groups ; aniline is instantly oxidized to uitrobenzol, and, as indicated above, 
aniline black is not formed. E. Bamberger, E. Seel, R. Wolflenstein, N. Tarugi, 
CL F. Cross and co-workers, M. Dittrich, W. Migault, F. Erben, H. Ditz, E. Springer, 
A. A. Aibitzky, R. Fosse and P. Bertrand, and A. von Baeyer and V. Villiger studied 
the oxidation of organic compounds by permonosulphiiric acid. H. Ahrle found 
that the 1)2 i)^3r cent, acid carbonizes wool, and cellulose very quickly, while with 
cotton there is at first no action, but in a few seconds there is a violent action 
accompanied by a yellow fianie. A. von Baeyer and V. Villiger said that titanium 
salts are not coloured yellow by permonosulphuric acid, although A. Bach said that 
tlie undiluted soln. made from 100 per cent, sulphuric acid and potassium per- 
disulphate does give a yellow colour — presumably because some hydrogen dioxide 
was present, although A. Bach said that it was not so. 

According to T. S. Price, soln. of permonosulphuric acid cannot be satisfactorily 
titrated with potassium hydroxide soln. using phenolphthalein or methyl-orange as 
indicators — tlie latter indicator is rapidly oxidized, and with phenolphthalein, the 
indication is not sharp — owing, it is suggested, to the slight acidity of the HO.O- 
group. A. von Baeyer and Y. Villiger said that the acid is decomposed by barium 
hydroxide, but not by barium phosphate. N. Tarugi found that ammonium 
mercurous diamminopersulphate (^,v.) is decomposed by water, forming ammonium 
mercurous permonosulphate, NH4.SO5.Hg. E. Bamberger found that a neutralized 
soln. of permonosulphuric acid froths violently when treated with silver nitrate, 
and a similar reaction is produced with manganese and lead dioxides. An ozonized 
gas is evolved. On adding a copper salt and then sodium hydroxide to a soln. of 
permonosulphuric acid, a brownish-black precipitate of copper peroxide is formed 
which soon decomposes with the evolution of oxygen. This precipitate has a 
diSerent appearance from that produced by hydrogen dioxide under similar 
conditions. 

A. von Baeyer and V. Villiger 2 found that a mixture of potassium permanganate, 
permonosulphuric acid, and dil. sulphuric acid is a very strong oxidizing agent. 
Fermonosulphuric acid free from hydrogen peroxide does not act on an acidic soln. 
of potassium permanganate, for, after standing several hours, no reaction can 
be perceived. On the other hand, if a little manganese sulphate be present, there 
is a slow reaction, the permanganate is reduced, and the permonosulphuric acid is 
decomposed ; a higher manganese oxide is soon deposited, and the evolution of gas 
becomes more marked. The liquid acquires a red colour not due to permanganate. 
Manganese sulphate alone does not decompose the acid. In titrating hydrogen 
dioxide in the presence of permonosulphuric acid, by means of potassium per- 
manganate soln., a little manganese sulphate is added. T. S. Price showed that the 
method is inaccurate. The longer the time occupied by the titration, the lower the 
results. This is attributed to the induced reaction between the hydrogen dioxide 
and the permonosulphuric acid, and to the catalytic effect of this reaction on some 
manganese compound formed in the soln. This explains how the amount of 
oxygen evolved, when a soln. containing hydrogen dioxide and monopersulphuxic 
acid is titrated with permanganate, is always in excess of that calculated from the 
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permanganate used. This result was observed by A. Bach, and M. Bertholot. and 
gave rise to a discussion between A. Bach, H. E. Armstrong, W. Ramsay, etc.— 

vide supra, 

REE-mENCES. 

1 M. Bertkelot, Arm. Chim. Phys., (5), 14. 360, 1878 ; N. Tarugi, Gaz;:^. Glilm, Hal, 32. ii, 
380, 1902 ; 33. i, 127, 1903 ; C. Tubandt and W. Reidel, Zeit. anorg. Chcm., 72. 219, 1911 ; Per., 
44. 2565, 1911 ; E. Bamberger, ib., 32. 1676, 1899 ; 33. 534, 1781, 1959, 1900 ; 34. 2023, 1901 ; 
35. 1082, 1002 ; R. Willstattcr and E. Haucnstein, ^6., 42. 1839, 1909 ; E Hauensteai, Zur 
Kenntnis dcr Oaro'schen Scmrey Zurich, 1909 ; A. Bach, Zeit. anorg. Chem.,ZZ. 3111, 1900; 34, 
1520, 1901 ; M. Traube, ib., 19. 1115, 1886 ; 22. 1518, 1528, 1889 ; 24. 1764, 1891 ; 25. 93, 1892 : 
26. 3481, 1893 ; A. von Baeyer and V. VilUger, ib., 32. 3625, 1899; 33. 124, 858, 1569, 1000; 34. 
853, 1901’; J* d’Ans and W. Friederich, ?’6., 43. 1880, 3910 ; Zait. anorg. Chein., 73. 325, it)ll ; 
J. d’Ans, Zeit. EleUrochein., 17. 849, 1911 ; N. Caro, Zed. angetv. Chem., 11. 845, 1898 ; H. Ahrle, 
lb., 22. 1713, 1909 ; Journ. praJct. Chem., (2), 79. 129, 1909 ; Ueber die Bildnng u?id SyniJwse dtr 
Caro'scMn Eaure, Darmstadt, 1908 ; M. Mugdan, Zeit. Eleldrocliem.yZ. 719, 980, 1903 ; Iv. EUj^ 
and 0. Schonlierr, ib., 1. 417, 468, 1894 ; 2. 245, 1895 ; R. Fosse and P. Bertrand, CompL Mend.. 
139. 600, 1904 ; Badisc3ic Anilin- und Sodafabrik, German Pat., D.R.P. 105857, 1898 ; 
110249, 1899 ; Konsortiumfur eloktrochemische Industrie, ib., 199958, 217539, 1905 ; O. UiBascii, 
Fipyich Pat. No. 371043, 1006 ; Oostcrroiclusclic clicmischo Werkc and L. Ldwenstcjn, ih., 
422460, 1910 ; H. Teic3iiior, Brit. Pat. No. 24507, 1905 ; E. Seel, Ber., 33. 3212, 1900 ; Dit- 
trich, ib., 36. 3385, 1903 ; A. A. Albitzky, ib., 33. 2909, 1900 ; R. WolfEenstein, ib., 32. 432, 
1899 ; 34. 2423, 1901 ; 37. 3215, 3221, 1904; R. H. Vallauce, Journ. Soc. Chem. Iiul., 45. 66, 
T, 192G ; E. Springer, Pharm. Ztg., 47. 157, 1902 ; F. Erben, Chem. Ztg., 32. 829, 1908 ; 
W. Migaiilt, ib., 34. 337, 1910 ; H. Ditz, ib., 31. 833,-844, 1007 ; Journ. praJd. Ghem., (2), 78. 343, 
1908 : 0. F. Cross, E. J. Bevan, and J. F. Briggs, Ghem. News, 82. 163, 1900 ; J. A. N. Frientl, 
Journ. Chem. Soc., 85. 597, 1553, 1904 ; 87. 738, 1367, 3905 ; 89. 1092, 1906 ; Proc. Chem. Soc , 
26. 88, 3910; T. S. Price, Ber., 35. 291, 1902; K. Anders, XJeber die Oewinmtng von Wasner- 
stoffsuperoxyd au$ U eberschioefcisdure und ihren Salzen, Dresden, 1913 ; E. Wedekind, Ber., 35. 
2267, 1902 ; M. Dittrich, ib., 36. 3385, 1903 ; H. E. Armstrong, Proc. Chem. Soc., 16. 134, 1900 ; 
T. M. Ijowry and J. H. West, Journ. Chem. Soc., 77. 950, 1900. 

2 A. von Baeyer and V. ViiHgcr, Ber., 33. 2488, 1900; A. Bach, ib., 33. 1513, 3111, 1900; 34. 
1520, 3851, 1901 ; 35. 158, 872, 3940, 1902 ; H. E. Armstrong, Proc. Chem. Soc,, 16. 1 34, 1900; 
W. Ramsav, ib., 17. 197, 1901 ; Journ. Chem. Soc., 79. 1224, 1901 ; T. S. Price, ib., 83. 543, 
1903 ; Ber., 35. 292, 1902 ; M. Borthelot, Ann. Chim. Phys., (5), 21. 146, 1880. 


§ 37. ThiosuIphuriQ Acid 

In. 1799, F. Cliaussier obtained a by-product in. tlie preparation of sodirau 
carbonate by reducing wsodiuin sulphate with coal ; and also by the action of sodium 
sulphide or hydrogen sulphide on sulphurous acid. He called the product hydro- 
sulfure sulfure de sovde. Next year, L, N. Vauquelin regarded it as a coiupouml of 
sodium sulphite and vSulphur, and obtained it by boiling sodium sulphite with 
sulphur, and called it sul/i/c sulfure de soude, so that the acid would ]>e sulpJio- 
sulphurous acid. In 1803, C. L. Berthollet suggested that the salt is a compound 
of sodium sulphite with hydrogen sulphide and not sulphur. L. N. Vauqueiin’s view 
was accepted until about 1813, when J, L. Gay Lussac inferred that this same salt is 
really a derivative of an acid less oxidized than sulphurous acid, and he accordingly 
called it hyposuljlte de soude — hyposulphite of soda. This term was accepted by 
J. F. W.,Herschel and was in general use until 1877 when E. von Wagner proposed 
to call the acid Thioschwefclsdure — ihiosulpbtudc acid — in order to emphasize its 
relationship to sulphuric acid, and at the same time prevent confusion with 
P. Schiitzenberger's I'acide hydrosulfureux, which is really a less oxidized acid 
than sulphurous acid. E. von Wagner’s proposal has been accepted by the majority 
of chemists, although the older designation persists in the photographer’^ hypo- 
sulphite of soda, or hypo, W’-hich is really the salt now called sodium thiosulphate. 

E. Willm 2 observed in the hot sulphuretted waters of Olette, Pyrenees Orientales, 
0*0057 to 0*0096 per cent, of sulphur as sulphides, 0*0098 to 0*0113 per cent, as thio- 
sulphate ; and 0*0108 to 0*0300 per cent, as sulphuric acid. S. Dezani discussed 
the occurrence of thiosulphates in urine. E. Salkow*sky found that tho urine of 
rabbits fed on white cabbage” contains a considerable amount of tlr’osiilphate. 
Observations were also made by A. Striimpell, and A. Heflter. The ocanrence of 
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fliiosulpliates in the residue after the explosion of gunpowder was discussed by 
A. Noble and E. A. Abel, and M. Beithelot. G. Guittonneau found that with 
sulphur in a culture medium, various soil organisms oxidized sulphur to sulphate 
with the formation of some thiosulphate which was supposed to represent an inter- 
mediate stage in the oxidation. The conversion to sulphate is inhibited in the 
presence of ammonium succinate so that thiosulphate accumulates in the system. 

The free acid is very unstable and has been prepared only in soln., so that many 
have doubted whether it has been obtained at all. H. Eose ^ said that he obtained 
a dil. soln. of the acid which he kept for five months by treating with sulphurous 
acid an intimate mixture of finely divided cadmiufn sulphide and sulphur moistened 
with alcohol. The filtrate freed from the excess of sulphur dioxide was treated with 
hydrogen sulphide, and the cadmium sulphide filtered off. It is not clear whether 
the liquid really contained thiosulphuric acid, or a polythionic acid of H. Debus. 
E. A. Fliickiger also supposed thiosulphuric acid to have been made by the action 
of sulphurous acid on sulphur at ordinary temp., or in a sealed tube at 80° to 90°. 
A. Debus, and A. Colefax regarded the product as a polythionic acid. J. Aloy said 
that an alcoholic soln. of thiosulphuric acid is formed by saturating with sulphur 
dioxide 95 per cent, alcohol holding sulphur in suspension. J. Myers passed water 
vapour over boiling sulphur and said that both hydrogen sulphide and thiosulphuric 
acid axe formed. F. A. Eliickiger said that when roll sulphur, or sulphur crystallized 
from carbon disulphide, is washed with water, a little thiosulphuric acid will be found 
in the wash-water. J. Pelouze, and J. Persoz treated lead thiosulphate at 0 ° 
with hydrogen sulphide or dil. sulphuric acid, and obtained thiosulphuric acid which 
rapidly decomposed into sulphur and sulphurous acid. An excess of hydrogen 
sulphide would convert the liberated thiosulphuric acid into a polythionate. 
J. L, Gay Lussac also said that when strontium thiosulphate is decomposed by 
hydrochloric acid, or alcohol sat. with hydrogen chloride, the acid which is set free 
is quickly resolved into sulphurous acid and sulphur. The action of acids on the 
thiosulphates was discussed by 6 . E. M. Eoussereau, E. MathieurPlessy,M. Berthelot, 
W. Vaubel, A. Colson, G. Aarland, W. Vaubel, G. Vortmarm, A. Seyewetz and 
G. Chicandard, A. Colefax, etc. E. Muck reported that trithionate {q.v,) is formed 
by boiling a soln. of ammonium sulphate with manganese sulphide, hut H. Bassett 
and E. G. Durrant found that the product is really thiosulphate probably formed by 
the atm. oxidation of hydrogen (or ammonium) sulphide, a reaction probably 
catalyzed by manganese oxide. The atm. oxidation of ammonium sulphide yields 
thiosulphate — e.g. an old soln. of ammonium sulphide which had lost its colour 
and deposited sulphur contained much thiosulphate. 

When a thiosulphate is mixed with an acid, the liquid remains clear for a little 
while, and then becomes turbid, owing to the separation of sulphur. The pheno- 
menon is due to the thiosulphuric acid first formed decomposing after a few minutes : 
1 X 28203 = 1128054 - 8 . J. F. W. Herschel stated that when an aq. soln. of an alkali 
thiosulphate is decomposed by a stronger acid, the liquid acquires a harsh, sour, 
and very bitter taste, and the property of precipitating metal sulphides from soln. 
of mercurous or silver nitrate ; it exerts no immediate action on salts of copper, 
zinc, or iron, hut in a few seconds, especially if heat be applied, half the sulphur 
is precipitated, and the other half remains in soln. as sulphurous acid. J. A. Muller 
observed that, at 12 °, when a mol of hydrochloric acid, dissolved in 16 litres of 
water, is added to a mol of sodium thiosulphate, dissolved in a similar quantity of 
water, sulphur begins to he deposited after 1-5 minutes, and the reaction continues 
until one atom of the sulphur is liberated. When 2 mols of hydrochloric acid are 
employed in the place of 1 mol in such an experiment the precipitation of sulphur 
is never complete, indicating that, whilst the sodium hydrothiosulphate formed 
in the first case decomposes completely into sodium hydrosulphite and sulphur, 
the thiosulphuric acid liberated in the second case is only partially decomposed, 
yielding sulphurous acid and sulphur. 0. Bongiovanni showed that when an aq. 
alcoholic soln. of methylene blue is added to an acidified soln. of a thiosulphate 
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it is decolorized ; sulpliurous acid does not affect this reduction, which is taken to 
indicate that free thiosulphuric acid is really present in soln. J. Scheffer and 
F. Bohm observed that in the acidified soln. pentathionic acid can be recognized 
before the turbidity appears. Thiosulphates are not decomposed by acids of 
smaller ion cone, than 2 * 5 xl 0 ~^. They suppose that the condition necessary for 
the decomposition of thiosulphuric acid is the presence of the labile ions HS2O3', 
whilst the SoOs'^-ions and H2S2O3 are considered to be stable. Methylene blue 
is decolorized by thiosulphate soln. even before acidification ; if the dye be added 

3 hrs. after acidification, it is only partially decolorized. Some methylene blue is 
adsorbed by the sulphur ; but the presence of sulphur dioxide prevents the adsorp- 
tion. J. C. Gil and J. Beato said that if a cone. soln. of sodium thiosulphate (3 or 

4 drops) be added to fuming hydrochloric acid (3 to 4 c.c.), sodium chloride is 
precipitated, after which the clear soln. can be preserved without change for about 
an hour at 15 ° ; it gives the reactions typical of thiosulphuric acid. An alcoholic 
soln. of thiosulphuric acid is obtained by the action of dry hydrogen sulphide, on 
lead thiosulphate (dried at 105 °) suspended in alcohol. The precipitated lead 
sulphide is Atered and excess of hydrogen sulphide removed from the filtrate by 
a current of air. The acid decomposes in the course of a few days at about 28 ° 
into sulphur and, apparently, pentathionic acid. 

According to W. Spring and A. Levy, the acidified soln. of the thiosulphate 
decomposes into trithionate and hydrogen sulphide, and if sufficient hydrogen 
sulphide be present the reaction can be arrested; the thiosulphuric acid 
decomposes : H2S2O3— H2SO3+S ; the sulphur dioxide then reacts with the 
hydrogen sulphide, forming sulphur and trithionate. A. F. Hollemann said that 
this explanation is unsatisfactory because no hydrogen sulphide can he detected 
in the liquid ; the decompo^ion can occur in the presence of a lead salt without 
the formation of a trace of l^d sulphide. H. Bebus, and G. Chancel and E. Biacon 
added that most of the thiosulphuric acid decomposes into sulphur, sulphur dioxide, 
and water, while a small proportion condenses to pentathionic acid : 
5H2S203=3H20-f2H2S50e. W. Vaubel found that with formic, acetic, succinic, 
citric, hydrohromic, hydriodic, hydrofluoric, nitric, sulphurous, dithionic, phosphoric, 
and very dil. sulphuric acids, the proportions of sulphur and sulphur dioxide lormed 
agree with the equation : N’a2S203+-2CH3C00H==2CH3C00Na-[-Ho0+S02+S* 
With sulphuric acid of increasing concentration, in the cold, the proportion of 
sulphur dioxide varied from 74 per cent, of the theoretical with 20 per cent, sulphuric 
acid to 45*4 per cent, with 100 per cent, sulphuric acid/at the same time the sulphur 
ranged from the theoretical proportion to 9-15 per cent, of that value, and with the 
cone, acid, the evolution of hydrogen sulphide was noticed. With 10 to 40 per cent, 
hydrochloric acid, the sulphur dioxide varied between 82 and 88 per cent, of the 
theoretical, and the sulphur between 86 and 97 per cent. ; while quantities of 
sulphuric acid corresponding with 6 to 8-5 per cent, of sulphur were formed. 
W. Vaubel suggested that the first phase of the reaction is a decomposition 
into hydrogen sulphide and sulphur trioxide : H2S2O3—H2S+SO3, followed 

by HsS+SOg^SOg+S+HgO ; 2H2S+S02=3S+2H20 ; and 3H2S+SO3 

=4S-f3H20. In support of these equations he quoted the observations of 
A. Geuther that silver oxide reacts with sodium thiosulphate, forming the calculated 
quantity of sodium sulphate and silver sulphide ; and the observations of 
A. L. Orlowsky that sodium ethyl thiosulphate is decomposed by acids, forming 
sulphuric acid and ethyl hydrosulphide. K. Jablczynsky and Z. Rytel showed 
by spectroscopic observations that the free thiosulphuric acid, in acidified soln. 
of sodium thiosulphate, immediately decomposes with the formation of sulphurous 
acid and monatomic sulphur. This reaction is unimolecular and reversible, being 
ptarded by liberated monatomic sulphur and by sulphur dioxide. The sulphur 
is at first invisible, the solutions becoming opalescent only on the formation of 
polya^mic aggregates, which then adsorb atomic sulphur from the solution. 
These aggregates may thus be considered to act as an autocatalyst, since by removing 
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atomic sulphur they accelerate the reaction. According to E. Forster^ on noising 
solii. containing respectively a mol of hydrosulphide and 2 mols of sulphurous 
acid, thiosulphate is formed immediately, and almost in theoretical quantities: 
2HS'+4HS03'->3S203'+3H20 ; free sulphur and sulphite ion result as by-products 
ill cquimolecular quantities. An excess of sulphurous acid causes the formation 
of trithionate and sulphite in addition to thiosulphate, but the primary reaction 
is so rapid that the secondary effects may be observed only if the hydrosulphide 
soln. be added to the hydrogen sulphite soln. ; if the procedure be reversed the 
c'xcess of siiljihurous acid remains unchanged. The reactions arc explained on the 
assmnption that a hypothetical sulphur monoxide is concerned in the process. 
The aq. soln. is supposed to contain, in equilibrium, H2S02^S0+Il20, and it is 
supposed that in the formation of the thiosulphate, SO +£[28=28 +H2O ; followed 
by 2S0+H20^S203+2H * — vide infra, polythionic acids. 

E. H. Eiesenfeld and co-workers represented the primary decomposition of thio- 
sulpliuric acid by the equation £[28203=112803+8. The appearance of penta- 
thioiiic acid is due to the reactivity of the freshly-formed colloidal sulphur, 
58+5S02+2H20=2H2S506, the pentathionic acid reacting with sulphurous acid 
to form some trithionic acid and more thiosulphuric acid, S50e+2S03=S306+2S203. 
Trithionic acid slowly decomposes to give a mixture of thiosulphuric and sulphuric 
acids, S306''+H20=S04"+S203"+2H*. G. Vortmann objected that the prolonged 
contact of the products in W. VaubeTs experiments favoured secondary reaction ; by 
working more quickly in a stream of hydrogen or carbon dioxide so as to remove 
the sulphur dioxide, the results favoured the view that the first stage of the re- 
action is in accord with 2£[2S203==2H2S+02+2S02‘ In those cases in which 
metals are present which do not form insoluble sulphides, the oxygen partially 
oxidizes the hydrogen sulphide with the separation of sulphur, and the sulphur 
dioxide is set free, whilst in those cases in which the metal present yields a sulphide 
insoluble in dil. acids, a precipitate of the sulphide is formed, and the oxygen reacts 
either with the sulphur dioxide, with the formation of sulphuric acid, or with a 
portion of the undecomposed sodium thiosulphate with the production of tetra- 
thionate or pentathionate ; the last reaction, however, ensues only in those cases 
m which either an excess of thiosulphate is present, or the metallic salt undergoes 
xednetion from a higher to a lower state of oxidation. Sodium thiosulphate 
reacts with dil. hydrochloric acid in accord with Na2S203+2HCl=2NaCl 
+S+SO2+H2O. When dil. soln. of the thiosulphate are employed, a small 
<|uaiitity of hydrogen sulphide escapes, but with cone. soln. no noticeable amount 
is obtained, since the small quantity evolved is decomposed by the sulphur dioxide 
with the separation of sulphur, which collects on the sides of the flask above tbe 
liquid. In addition to the sulphur and sulphur dioxide, tetrathionic acid is formed 
in quantity corresponding with that obtainable from 20 per cent, of the thio- 
sulphate employed, and traces of pentathionic acid are present, but no evidence 
could be obtained of the presence of sulphuric acid in the decomposition product. 
The formation of pentathionic acid is not mentioned by W. Vaubel. The reactio|i 
is slightly modified when certain salts of the alkalies or alkaline earths are present ; 
thus, in the presence of potassium iodide, the quantity of liberated sulphur is 
increased and small amounts of sulphuric acid are formed. In addition to the 
decomposition of thiosulphuric acid by reversible reaction : 

W. Spring and A. Levy, and A, Colson observed that some hydrogen sulphide is 
produced, and A. Colson found that the ratio H2SO4 : II2S is variable, and supposed 
the hydrogen sulphide is a product of the action of nascent sulphur on water. 
F. Forster and co-workers supposed that the hydrogen sulphide is a minor by- 
product of a side-reaction : H2S2O3 +£[20^112804 +H2S. E. Schulek attributed 
the presence of hydrogen sulphide in a standard thiosulphate soln. to bacterial 
action. 

H. Bassett and E. G. Durrant found that hydrogen sulphide is always produced 
when acids or even water alone acts upon sodium thiosulphate. The gas is evolved 



SULPHUll 


489 


if carbon dioxide is bubbled tbrough, or if the thiosulphate is warmed with boric 
acid, whilst stronger acids liberate it readily. Little or no sulphuric acid is produced 
unless the mixture is boiled for a long time. It then results from the hydrolysis 
of tri- and tetra-thionic acids. They* stated that hydrogen sulphide is produced 
by the reversible reaction : 21128203^1128+1128300 ; and doubted its production 
by the reaction assumed by F. Forster and co-workers, because if the reaction is 
valid, there will be a small increase in the acidity of the soln., and the reaction will 
he favoured hy alkalies and hindered by acids, whilst the formation of thiosulphate 
from sulphate and sulphide should be favoured by acids. There is no evidence 
of this, or of any such relation between sulphate and sulphide as is assumed by the 
supposed reaction. The reaction usually symbolized Ag2S203+Ho0=Ag2S+HoS04 
can be symbolized, perhaps more satisfactorily, by 2Ag2S203=Ag2S+Ag2S3r+ ; 
followed by Ag2S3O0+2H2O=Ag2S+2H2SO4. J. Fogh found that lead thio- 
sulphate, when heated with water, yields sulphide and trithionate, and, according 
to H. Bassett and E. G. Durrant, along with some sulphate and sulphur dioxide 
formed by the decomposition of the trithionate. W. Spring observed the formation 
of a trithionate and sulphide when a soln. of a complex alkali and silver, mercury, 
or lead thiosulphate is boiled. Conversely, lead sulphide and potassium trithionate 
soln. yields lead thiosulphate ; and when lead thiosulphate is boiled with an cq. 
amount of alkali, or with dil. acetic acid, the thiosulphate is largely converted into 
trithionate. H. Bassett and E. G. Durrant observed that boiling dil. alkali soln. 
of sodium thiosulphate yield trithionate and sulphide with only a trace of sulphate 
—a cone. soln. of alkali favours the formation of thiosulphate ; and boiling the thio- 
sulphate with sodium plumbite yields a precipitate of lead sulphide and a soln. of 
sodium trithionate. Again, barium thiosulphate decomposes very 'slowly when 
boiled with water, a considerable proportion of polythionate is formed, but very 
little sulphate. The formation of barium sulphate eq. to the barium thiosulphate 
would be expected if thiosulphurio acid decomposed according to the scheme 
^2^203+1120=112804+1128, in which case, moreover, the decomposition should 
be greatly accelerated by the presence of barium, as it is by the presence of salts 
of copper, silver, and mercury, even after allowance has been made for the fact 
that barium sulphate is not nearly so insoluble as the sulphides of these metals. 

G. Chancel and E. Diacon showed that polythionic acids are formed by the 
action of acids on thiosulphates, F. Forster and E. Vogel inferred that pentathionic 
acid is the primary polythionic acid, because the observed proportions of thio- 
sulphate and sulphite in the soln. fit the equation 5Na2S203+6H2S03 
=2I!ra2S5O0+6FraHSO3+3H2O better than Na2S203+4H2S03=]Sra2Ss0f; 
+H2S3O0+3H2O. If, as H. Bassett and E. G. Durrant suppose, the trithionic 
acid is a primary product of the reaction : 21128203^1128+1128300, the trithionic 
acid combines with the sulphur formed by the concurrent reactions : H2S2O3 
=H2S03+S, etc., to yield tetrathionic acid : 1128306+8^1128406, and penta- 
thionic acid: H2S406+S=B[2S506. This explains the greater consumption of 
thiosulphate than sulphite observed by F. Forster and E. Vogel. W. Spring and 
A. Levy also assume that polythionates are formed from the trithionate produced 
as just indicated, and G. Chancel and E. Diacon observed the reverse change — the 
formation of thiosulphate from trithionate and sulphide. According to G. Aarland, 
the decomposition of thiosulphuric acid, liberated by adding an acid to a thio- 
sulphate, is a reversible process which is hindered when the products of the reaction 
are present. For example, if a soln, of sulphurous acid be added to a soln. of sodium 
thiosulphate, no decomposition of the liberated thiosulphuric acid occurs although 
the mixture is strongly acid and gives oS hydrogen when treated with zinc, and 
gives no precipitation of sulphur when boiled with sulphuric acid. At a higher 
temp., A. Colefax, and A. F. Hollemann observed a reaction between the sulphur 
dioxide and thiosulphuric acid or sodium thiosulphate, resulting in the formation 
of a trithionate. A. F. Hollemann said that the secondary formation of trithionate 
by the action of sulphurous acid on utidecomposed thiosulphate, does not take 
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place to any appreciable extent because tbe acidity of tbe product decreases so 
slowly. 

H. H. Landolt said that die Exist enzdaiier — tbe period of stability — of tbe acid, 
before tbe clear liquid becomes opalescent, (i) is independent of tbe nature of tbe 
acid employed to decompose tbe tbiosulpbate ; (ii) is not influenced by an excess 
of either acid or thiosulphate ; (iii) is independent of tbe vol. of tbe soln. ; (iv) is 
proportional to tbe cone, of tbe tbiosulpburic acid — temp, constant ; and (v) is 
dependent on tbe temp, so that tbe higher tbe temp., tbe more rapid tbe decom- 
position. Tbe acceleration of tbe velocity of decomposition per 10"^ rise of temp, 
is smaller tbe higher tbe temp., and is greater tbe more dil. the soln. Tbe period 
of stability, t, for n parts by wt. of water per unit wt. of tbiosulpburic acid when 
71 ranges from 51 to 279, at a temp. between 10° and 50®, was represented by 
^-=:t2(O-G4:28“0-02553d+0*000272d2). A. A. Winkelmann found tbe period of 
stability to be inversely proportional to tbe mean velocity of tbe liquid molecules. 

G. Gaillard showed that the presence of salts — chlorides, bromides, iodides, and 
sulphates — retards tbe appearance of tbe opalescence. On adding equal vols. of 
water, glycerol, and alcohol to tbe same voL of acid, the greatest retardation occurs 
with alcohol, the least, "by water. J. Alov also found that tbe presence of neutral 
salts and of alcohol lengthened tbe period of stability ; and H. H. Landolt, and 

H. Bossier also found that tbe tbiosulpburic acid appears to be more stable iu 
alcoholic soln. ; and tbe latter said that an alcoholic soln. was not all decomposed 
after standing five months. H, H, Landolt said that light and electric sparks 
have no influence on tbe decomposition, but J. Aloy found that sunlight accelerates 
tbe decomposition. 

H. von Oettingen interpreted bis observations on tbe decomposition of tbio- 
suipburic acid in terms of tbe ionic theory, and represented tbe reaction by : 
S203'^+H’=HS03 '+S, so that tbe cone., (7, of tbe H‘-ions determines tbe progress 
of the reaction. If t denotes tbe time which elapses between tbe acidification of 
tbe dil. soln. of sodium tbiosulpbate and tbe appearance of tbe turbidity, for 
hydrochloric acid, i={0'01111 log (1+0*80C)}~^. With isobydric soln. of bydro- 
cbloric,. oxalic, dicbloracetic, or trichloracetic acid, tbe value of t remains unchanged. 
This is said to support tbe ionic theory. Sodium sxilpbite binders the appearance 
of tbe turbidity, but tbe same values of t are obtained provided an allowance be 
made for tbe appropriation of tbe H’-ions by tbe SOa^'-ions to form either HSOa'-ions 
or non-ionized mol s. of sulphurous acid. Tbe equilibrium condition for tbe reaction : 
B2S203^R2S03+S could not be determined because of the consecutive reaction 
between the tbiosulpbate and tbe sulphite. C. K. Jablczynsky and Z. Watszawska- 
Rytel measured tbe degree of opacity with time and found the resulting curve is 
characteristic of a typical autocatal^^ic reaction. Hydrogen ions accelerate tbe 
reaction considerably, but sodium ions have little effect, so that mechanical co- 
agulation appears to play little part in tbe process. Dilution of tbe soln. or addi- 
tion of sulphurous acid or protective colloids retards the reaction. It is suggested 
that tbe reaction consists of tbe decomposition of tbe tbiosulpburic acid according 
to tbe unimolecular law, fallowed by tbe aggregation of tbe sulphur formed into 
nuclei which catalyze tbe decomposition of tbe acid and render tbe soln. turbid. 
K. Jablczynsky and co-workers, and E. Paxeddu, R. P. Sanyal and N. R. Dbar 
studied the period of induction. G. I, Pokrowsky found that tbe variation of 
the diameter of tbe particles, rj, as a function of the time, t, and tbe cone., C, of 
the tbiosulpbate soln. is given empirically by '>7=170(1 — where a and rjo are 
constants. According to A. F. Hollemann, tbe decomposition of tbiosulpburic 
acid is unimolecular-: H2S203=H20+S02+S ; and tbe reaction should therefore 
be fastest at tbe outset when tbe cone, is a maximum. The period of induction 
is only make-belief ; the formation of sulphur takes place from tbe commence- 
ment, but takes time to form visible aggregates. Tins is indicated by 
neutralizing the mixture of acid and tbiosulpbate before tbe tmbidity appears, 
when tbe sulphur becomes visible after the usual interval. This w'ould mean 
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that peptizing agents for sulphur should delay the appearance of the opalescence. 
W. Biltz and W. Gahl examined thiosulphuric acid under the ultra-microscope 
and inferred that the process is not continuous, for a discontinuity becomes 
apparent at about the same moment as the opalescence is visible to the naked 
eye. Colourless supersaturated soln. of the acid in water can therefore exist. 
Colloidal aq. soln. of the acid are blue, and very unstable. R. Engel, A. Colson, 
J. Fritzsche, and M. Berthelot discussed the character of the sulphur which separates 
when thiosulphates are treated with acids — vide the allotropic forms of sulphur. 
W. Ostwald assumed that the instability of thiosulphuric acid is clue to the reducing 
action of H‘-ions on S203''-ions ; A. F. Hollemann said that undissociated mols., 
notions, take part in the reaction, because the equilibrium between the undecomposed 
mols. and free ions which must be maintained — ^the recombination of the ions would 
lead to a retardation and ultimate stoppage of the action at the concentration where 
the ions no longer re-unite, so that the constant h in the equation —dC/dt=IcC will 
vary in the same sense as the concentration G ; if the reaction occurs between ions, 
the constant and concentration would vary in opposite senses, and this is not in 
accord with the observed results. For O-biV'-, and O-lA-solu., h was found 

to be respectively 0*437, 0*258, and 0*068. H. Bassett and R. 6. Durrant found 
that the reaction follows a bimolecular course. 

Although the reaction is really a complex one in- 
volving three concurrent processes, H2S203^H2S03 
-|-S j 2328203=112® ^®' 2®203^H20 
-[-328405, yet the conditions can be so arranged that ^ 

50 to 70 per cent, of the decomposition involves the >5^ 
reaction H2S203;?^S-f-H2S03, and, since the process | 
is bimolecular, the equation 21128203^232803+82 ^ 
probably describes the process better than the one 
previously given. F. 0. Gil and J. Beato concluded 
that the soln. of thiosulphuric acid becomes more ^ 
stable the greater the acidity of the soln., hence, it 
becomes less stable the greater the alkalinity of the 
soln.* This is not true ; with soln. of low acidity 
thiosulphate decomposes more quickly than with soln. 
of greater acidity. 3. Bassett and R. 6, Durrant 
observed that with soln. of increasing acidity, the Fig. 107. — ^Times of the Ap- 
time taken for the appearance of the sdphra passes Sohitfon^^} Thi” 

through a minimum, Fig. 107, and with high acidity, sulphate, 
no sulphur separates until after many houns. This 

delay is not due, as F. Forster and B. Vogel suppose, to the retarding influence of 
cone, hydrochloric acid on the reaction : HS203'=HS03'+S, but both the reactions 
II2S2 Oa^HsSOg+S, and 232^2^3^328 -(-H2S3O6 are accelerated hy acid, the 
former more than the latter becauvse the greater part of the sulphurous acid becomes 
sulphur dioxide and water. These consecutive reactions are favoured hy acids 
as well as H28+H2S205 ;f^H 0.S.0.S.0H+(H0)2S, and (30)28+328^28+2320 ; 
the reactions 328305+8=328406, and 328405+8=328506 are also favoured by 
acids. Hence, although increasing acidity favours the rapid separation of sulphur, 
yet it lengthens the time required for the appearance of the sulphur by favouring 
all the opposing reactions. Hence a minimum time for the appearance of sulphur 
at a fairly definite acidity could be anticipated. The non-appearance of sulphur 
does not mean that no decomposition has occurred. The decomposition probahl}’" 
begins as soon as the thiosulphuric acid is liberated from its salts. The non- 
appearance of sulphur is not, as A. F. Hollemann suggested, due to the separated 
sdphur remaining in the colloidal condition, but because the sulphur is consumed 
faster than it is separated owing to the formation of poljrthionic acids. FI. Bassett 
and R. G. Durrant added that all the reactions occurring in the acidified thiosulphate 
proceed with a diminution of acidity. They gradually become slower as the limiting 
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cone, of tlie several polythionic acids characteristic of the prevailing hydrogen-ion 
cone, are approached. Since the hydrogen-ion cone, gradually diminishes, tie 
system is never fully stable — readjustments are continually necessary y-hich 
ultimabely lead to the decomposition of the polythionic acids with separation of 
sulphur. T. Salzer, and E. Raschig studied the marked inhuence of arsenic trioxide 
in preventing the separation of sulphur, and promoting the formation of penta- 
thionic acid from thiosulphate. Sulphur oxidizes arsenite to oxysulpharsenate. 
H. Bassett and E, G. Durrant said that the oxysulpharsenate acts in two ways : 
(i) owing to its ready formation, it prevents the separation of sulphur by tlie 
reaction H2S203^H2S03H-S owing to the direct reaction : H2S2O3-I-H3ASO3 
^H2Sd3+H3As03S — assuming that this is the only oxysulpharsenate involved 
in the reaction. The oxysulpharsenate yields its sulphur to the trithionate formed 
in the reaction 2H2S203^Il2S+H2S306 to give tetrathionic and pentathionic 
acids, (ii) It can take up any sulphur formed in the secondary reactions: 
H3 As03+S^H3As 03S. Under favourable conditions, complete ‘ conversion of 
thiosulphate into pentathionate is theoretically possible with the help of small 
quantities of arsenious oxide, and very good yields are actually obtainable. It 
will be observed that the arsenious acid is really a vehicle for the handing on of 
sulphur to trithionic acid just as is sulphurous acid, the oxythioarsenic acid playing 
the same role in the one case as thiosulphuric acid in the other. 

Returning to Fig. 107 , H. Bassett and R. G. Durrant added that if dil, soln. of 
thiosulphate be treated with less acid than corresponds with the minima in the 
curves, and then quickly neutralized before sulphur becomes visible, separation 
of sulphur may be entirely prevented if the addition of alkali has been made an 
appreciable time before precipitation would normally occur. If, however, the 
alkali is added very shortly before separation of sulphur would occur normally, 
its addition causes immediate separation of sulphur, and in such cases either alkali 
or lanthanum nitrate will produce a precipitate. Soln. to the right of the minima 
still give the reactions for colloidal sulphur with separation of sulphur on addition of 
alkali or lanthanum nitrate, but it is probable that they also contain pentathionate 
(although this is difficult to prove), the proportion of pentathionate increasing 
with acidity and time and that of colloidal sulphur diminishing. 

In strongly acidified soln. of thiosulphuric acid, the reaction H2S203y^H’2S03+S 
is delayed, so also is the formation of pentathionic acid. This makes it appear as 
if the thiosulphuric acid becomes more stable. H. Bassett and R. G. Durrant 
explain the facts by assuming that the thiosulphuric acid also decomposes in 
accord with the reversible reaction 2H2S203^H20+H2S4.05- The acid H2S4O5 
is thus formed by the condensation of two mols of thiosulphuric acid with the 
elimination of water. In dil, soln., the active mass of the water would prevent 
the reaction proceeding very far. A cone. soln. of zinc chloride greatly delays 
the separation of the sulphur owing presumably to its dehydrating action. It is 
assumed that the anhydro-acid, dithiodisuljphuric acid, or dithioji'ijrosulfliunc acid, 
H2S4O5, is more stable towards a loss of sulphur or hydrogen sulphide than is thio- 
sulphuric acid; hut in other directions it behaves very like thiosulphuric acid. 
Thiosulphate soln. which have been treated with a large excess of cone, hydro- 
chloric acid still reduce iodine ; they also -exert a strong bleaching action on indigo, 
methylene-blue, litmus, and methyl-orange. The amount of methylene-blue wMcii 
is bleached is in close agreement with the equation : C10H13N3SCI+H2S4O5+H2O 
— C1QH29N3S.HCI+H2S4O6. The rate at which the methylene-hlue is bleached 
is very greatly increased by rise of temp. The strongly acidic bleached solutions 
are comparatively stable towards atmospheric oxidation, but the blue colour is 
at once restored by a drop or two of strong nitric acid, by hydrogen peroxide, or 
even by silver nitrate or silver acetate. There is no evidence of the formation of 
a colourless addition compound between a mol of metliylenc-blue and a mol of 
dithiodisulphuric acid or two mols of thiosulphuric acid. The dithiodisulphuric 
acid which acts on methylene blue is supposed to originate from the two reactions 
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2ir'T'2B203''^-2HS20j', and 2[LS203':?^S40.''/^d'H20, wiiicli are equivalent to 
2 H +2Sj03''^S405'''-1-H20. The rates of bleaching of mctliyleiie-bhic witJi vary- 
ing coiic. of sodium tliiosiilpiiate and of hydroeliloric acid arc in agreement with 
this. The ditliiodisulpliuric acid is supiiosed to be formed by the elimination of 
a mol of water from two hyclroxyl-groiipSj and not from one hydroxyl-group and one 
thionyl-groiip, and to ha\^e the structure : 



If, and when, either ot the hydrogen-ions ceases to be ionized, it can become attached 
by covalencies to either a sulphur or an oxygen atom. Three tautomeric structures 
are thus possible for the non-ionized H2S4O5 just as two are possible for non-ionized 
thiosulphuric acid. 

The preparation of the thiosulphates has been discussed in connection with 
sodium thiosulphate — vide infra. They are obtained : 

1. By the action of sulphur — (i) On the alkali or alkaline earth hydroxides or carbonates, 
(ii) On the alkali or alkaline earth sulphates, chromates, or phosphates. 

2. By the action of hydrogen sulpliide or the sulpliides — (i) On sul}>hur dioxide or tlie 
sulphites, (ii) On manganese dioxide, (hi) On various alkali salts, (iv) On tetra- 
tihonates. (v) On electrolysis. 

3. By the action of poL'Sulphides — (i) When oxidized by air. (ii) When the aq. soln. 
is boiled, (hi) When oxidized by diebromates, etc, 

4- By the action of sulphur dioxide or sulphites — (i) On sulpliur. (ii) On hydrogen 
sulphide or sulphides, (iii) On metals or metalloids, (iv) On boiling with formic acid, 
(v) On electrolysis. 

5. jhiscellaneous processes — in the decomposition of hyiiosul|)hites ; tri-, tetra-, and 
pentathionates ; and nitrogen sulphide. 

6. Biological xirocesses. 

C. A. Valson ^ represented the capillary modulus of the radicle S2O3 by 1*4. 
J. Thomsen calculated the heat of formation of thiosulphuric acid to be 
(S02,S,Aq.)~— 1*57 Cals.; (S02aq.,S)=~9*27 Cals. ; (2S, 30, H2,Aq.) =137*86 
(Jals. ; (2iS,02,Aq.)=69*5 (htls. ; and M. Berthelob gave for octahedral sulphur 
(2S,02,H20,Aq.)=79*4 Cals, Bor the heat of oxidation to sulphuric acid, 
J. Thomsen gave 215-346 Cals. ; and for the heat of neutralization, 28*97 Cals. 
J. A. Muller measured the amount of heat absorbed when a mol of thiosulphuric 
acid is treated with one mol and with two niols of hydrochloric acid. The heat 
due to the formation of NaHS203 in the one case is nearly equal to that due to the 
formation of Na2S203 from H2S2O3, when the reactions occur at such dilutions 
that the changes due to secondary reactions are negligible. Hence, the “ acid 
energies of the two hydrogen atoms of thiosulphuric acid are nearly the same. 
A. Lindh observed that the X-ray absorption spectrum of the thiosulphates shows 
limits of absorption corresponding with bivalent and sexivalent sulphur. 

A. F. Hollemann gave the mol, conductivity, /t, to be of the same order as that 
of sulphuric acid, and much above that of acetic acid. /i,=274*6 for a* mol of the 
acid in 32 litres of water ; and for the ionic velocity for the JS203'^"ion 78*8 calcu- 
lated from sodium thiosulphate ; and 6. Bredig calculated 91 from magnesium thio- 
sulphate. According to K. Jellinek, the first ionization constant of thiosulphuric 
acid [H’][HS203']=/fi[H2S208] is probably as great as that of sulphuric acid, 
A\=0*45 ; •while from A. F. Hollemann’s measurements for sodium thiosulphate, 
the value of in [H‘][S203'J=Xi[HS203'] is 0*0104, which is nearly the same as 
that of sulphuric acid. K. Jellinek, therefore, concluded that the strength of the 
acid function of oxygen and sulphur is about the same. I. M. Kolthoff held that 
sulphur has a stronger electronegative action than oxygen, and he found for 
of thiosulphuric acid, at 15*^. F. R. Bichowsky gave —125,110 cals. 
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for free energy of formation of the thiosulphate ion at 25°. F. J. Factor said that 
the ions with soln. of sodium thiosulphate are Na‘, and 820^^', but at a higher 
temp, Na*- and NaS203'-ions are formed. He found that when a soln. of sodium 
thiosulphate is dectrolyzed there are formed sulphur, hydrogen sulphide, tetra> 
thionic acid, sulphur dioxide, and sulphuric acid. C. J. Thatcher found that when 
sodium thiosulphate is electrolyzed using a platinized cathode, tetrathipnate is 
produced so long as the soln. remains neutral or faintly alkaline ; whereas if the 
soln. becomes acidic or strongly alkaline, other reactions occur producing sulphur, 
sulphite, and sulphate. The formation of sulphate in a strongly alkaline soln. 
is attributed to the presence of trithionate which is produced along with thiosulphate 
by the hydrolysis of the tetrathionate. The trithionate is then oxidized to sul- 
phate ; the tetrathionate is not oxidized in neutral or acidic soln. The electro- 
oxidation of thiosulphate to tetrathionate occurs with an anode potential difierence 
of — 1}-75 to — 0'95 volt ; and the oxidation is not regarded as a direct secondary 
chemical process of oxidation hy, presumably, oxygen formed in the primary 
process of electrolysis. This chemical oxidation is accelerated by the platinized 
electrode, for if the platinum is clean and bright, the amount of oxidation for the 
same amount of electricity is much smaller. That the oxidation of thiosulphate 
IS an indirect process is deduced from the variation of the potential-current curves 
with the cone, of the various ions involved ; by this means, it is shown that hydroxyl 
or oxygen ions are discharged at the electrode. Further, the influence of certain 
non-dissociated " poisons ’’ — such as mercuric cyanide — on the potential difierence 
between platinum and thiosulphate soln. shows that in the process S203"->S406'' 
oxygen or some compound of oxygen is involved, and that the metal of the 
electrode acts catalytically. The mechanism of the reaction is, therefore, repre- 
sented 0“+©=|02; and 2S203'^+|02=8406'''+0 '^ — vide infra, ammonium and 
sodium thiosulphate. J. Schefier and F* Bohm observed that the reduction 
potential of thiosulphate--^ tetrathionate in an atm. of nitrogen is not constant 
for E-s,=0'323 volt at the beginning, and 0-218 volt after 2C hrs. The reaction 
2S203^'“l-2@;^S40e" is reversible, and the normal potential of 8203-^8406 in 
neutral soln. is nearly 0*40 volt. 

The cliemical properties of the thiosulphates. — The thiosulphates with water 
of crystallization lose their water at 100°~215°- This subject was studied by 
0. Dopping,^ C. Pape, and E. A. Letts — vide the individual salts. At higher temp., 
in the absence of air, sulphates and polysulphides are formed as shown by H. Rose, 
L. N. Vauq^uelin, M. Berthelot, and 0. F. Rammelsberg with the alkali and alkaline 
earth thiosulphates A. Jacques observed that with a rapid rise of temp., 

sodium thiosulphate forms the sulphite, and sulphate as well as hydrogen sulphide 
and sulphur. When the thiosulphate is heated in hydrogen, it is reduced to a 
sulphide. When sodium thiosulphate is heated in air, P. Chaussier said that the 
sulphur burns. According to J. L. Gay Lussac, aq. soln. of the thiosulphates 
remain unchanged when exposed to air, but if over 2 mols of potassium hydroxide 
are present per mol of thiosulphate, oxidation occurs : K2S2O3+2KOH+2O2 
=2K2S04-f-H20. S. U. Pickering found that the sodiuni salt is more stable than 
the potassium salt ; the soln. is more stable if light be excluded, and, in agree- 
ment with A, V. Harcourt, in the liquid made alkaline with potassium hydroxide, 
but ammonium carbonate acts unfavourably. W. Petzold found that in the pre- 
sence of acids, thiosulphates are first polymerized to pentathionates, 5S203''+10ff 
=2S50e''-l-4H*~f'3H20 ; but thiosulphate may be regarded as an end-product 
in the decomposition of aq. soln. of the polythionates — i*e, the tri-, tetra-, and 
penta-thionates, E. Collard found that a 0-liV'-Na2S2O3 remained unchanged in 
concentration for 3| years ; but J, Davidsohn found that the soln. slowly decreased 
in strength, and not always, as E. Abel supposed, owing to the presence of traces of 
copper. I. M. Kolthofi also found that soln. of sodium thiosulphate decompose 
more rapidly in light than in darkness. The oxidizing action of air may be pre- 
vented to some extent by covering the soln. with a layer of light petroleum. The 
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presence of alkaline substances prevents tlie decomposition almost completelj. 
The addition of about 0*2 grm. of sodium carbonate per litre is sufficient to ensure 
in great measure the stability of the soln. The accelerative effect of deposited 
sulphur on the decomposition is pjrobably due to bacterial action. The decom- 
position may be retarded by the addition of 0*01 grm. of mercuric iodide per litre 
of soln, P. L. Hahn and H. Windisch said tliat the addition of a very small amount 
of alkali enables thiosulphate soln. to be preserved without alteration in strength 
from the first day. The change which they otherwise suffer appears to be caused 
by the faintly acid reaction of distilled water ; it certainly does not depend on the 
formation of sulphite or sulphide. According to A. Skrahal, O-liY-soln. of sodium 
thiosulphate having an H’-ion cone, between yii =5 and 12, after 5 months, had 
decreased 1*28 per cent, in strength, whilst soln. with Pjb=9 to 10 had not changed. 
Soln. of greater acidity than this did not obtain a constant titre at any time during 
the tests, and, in-the case of soln. of to 6 sulphur separated during the first 

few weeks and then gradually redissolvcd. Both hydrogen sulphide and 
sulphur dioxide could be detected at different times in these soln., so that 
they probably contained })olythionic acids after prolonged storage. The addition 
of small quantities of copper sulphate lowered the titre even of the more 
alkaline soln. E. Abel showed that traces of copper favour the ageing of 
soln. of sodium thiosulphate, by reactions symbolized: 2Cu“+2S20/'=2Cu* 
+S4O/' j 2 Cu*-1-|02“>2Cu''+ 0''' ,* 0'^+2H‘^H20. The function of the carbon 
dioxide is to form carbonic acid and thus provide the necessary hydrogen- ions, 
since otherwise the catalyst would be precipitated and rendered practically 
inactive by the hydroxyl-ions. Stabilization of the soln. by addition of alkali 
(or corresponding compounds which neutralize acids and precipitate copper) is 
thus satisfactorily explained. The automatic stabilisation of the soln. by ageing 
is due, not only to consumption of the dissolved carbon dioxide, but also to loss 
of catalytic activity of the copper. P. Feigi suggested that the alteration of thio- 
sulphate soln. on keeping may be due to the decomposition of the thiosulphate 
into sulphate and sulphur wffiich, under the influence of hydrogen-ions or carbon 
dioxide, combine to form the co-ordination complex [SO S OOJYao. K. Jablczynsky 
and co-workers studied this reaction — vide siip'a, the action of light. M. and 
M. L. Kilpatrick found that freshly-boiled, redistilled water yields a soln. of thio- 
sulphate that is more stable .than a soln. made with ordinary laboratory distilled 
water, ordinary distilled water, or redistilled water through which carbon dioxide- 
free air has been bubbled. Carbon dioxide, oxygen, and dilute sodium hydroxide 
have very little effect on the stability of soln. of sodium thiosulphate. The decom- 
position in these soln. may be caused by bacteria. N. K. Mittia and K. R. Dhar 
found that in the simultaneous oxidation of sodium sulphite (primary reaction) 
and thiosulphate (secondary reaction), the speed of the piimar}^ reaction is reduced. 
According to W. Gluud, at 100°, in contact with air under 10 atm. press., sodium 
thiosulphate undergoes total transformation into sulphate, provided that sufficient 
alkali is present to unite with the sulphuric acid formed from the sulphur ; if such 
excess of alkali is lacking, part of the sulphur separates in a free state. A lower 
press, than 10 atm. may be used, but in such case either the temp, must he raised 
or the duration of the action increased. C. Ma^ found that the prolonged passage 
of a current of' pure air or of pure carbon dioxide or of a mixture of both through 
thiosulphate solutions prepared from freshly-boiled water causes no change in the 
titre, but exposure of the same soln. to ordinary air soon results in the deposition 
of sulphur, and flrst a- slight increase, then a more rapid decrease in the titre. This 
has been proved to be due to inoculation of the soln. with sulphur bacteria derived 
from the air ; in the presence of carbon dioxide, the bacteria thrive to a limited 
extent and cause first the decomposition of the thiosulphate into sulphur and 
sulphite, and then the oxidation of the sulphite to sulphate. The immersion of 
a piece of bright copper wire in a sterilized thiosulphate soln. results in a similar 
decomposition which is more rapid the higher the temp. A. Kathansohn, 
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J. Fowler and co-workers, W. T. Lockett, and W. Lasck studied tke oxidation 
tliiosulpliates by bacteria, C. Mayr and E. Kerschbanm studied tke 
lOiiixDosition of soln. of sodium tbiosiilphatc and said tkat tken^ arc tkree 
ive kinds of bacteria. One causes tke reaction : 2Na2S203+H20-(-0 
'TaoS406+2Na0H ; a second : ISra2S203— Na2S03-f*S and ]Sra2S03+0=:^Na9S04 ; 

1 a third, 2Na2S2O3+H20-fO-=Na2S4Oc+2NaOH and S-f SO+HaO-^HgSO^. 
e vol. per cent, of amyl alcokol sterilizes the soln. C. F. Capaun found tkat wken 
ter and sodium tkiosulphate are keated in a sealed tube, sulpkur and sodium 
pkite are formed ; if air be present, snlpkate is produced. The hydrolysis of 
izyl thiosulphate by alkali-lye was found by T. S. Price and D. F. Twiss to 
nish sodium sulphite, benzyl disulphide, and thiohenzoic acid, and E. Fromm 
1 F. Erfurt, also benzylsulphuric acid. E. Pietsch and co-workers studied the 
face conditions in tke efflorescence of the salt. 

E. H. Riesenfeld and T. F. Egidins found that neutral soln. of thio- 
phate react with ozone, forming sulphate and dithionate, hut alkaline soln. 
'e ofi oxygen so that two atoms of the ozone are active. According to A. Nabl, 

5 reaction of aq. soln. of sodium thiosulphate with liydrogen dioxide can be 
)resented ; 2Na2S203-hH202=Na2S40e+2Na0H, provided the alkali hydroxide 
neutralized as fast as it is formed, otherwise, the tetrathionate is decomposed : 
^2^203+7^2^2 =2^^2804 -[-H2S206+bH20, and the dithionic acid is converted 
sulphuric acid : H2S206+Il202=2H2S04. He also suggested that in neutral 
n., a compound, possibly HO.S2H, is formed. R. Willstatter observed that if 
3 sodium thiosulphate and hydrogen dioxide are in the molar proportion 1 ; 2, 
mixture of sulphate and tritkionate is formed : 3Na2S203+4H202=2Na2S30s 
2]Si aOH-f-^HoO j and Na2S203-f~2Na0H‘-|-'4H202^^^2Na2S04~f-^^20 3 unlike 
Nabl, he observed no formation of tetrathionate, as in the case of sodium sulphite. 
Casolari represented the reaction : Na2S203+4H202+H20=Na2S04+H2S04 
IH2O. If the hydrogen dioxide be quite neutral, no alkalinity with phenol- 
thalein appears in the interaction with a thiosulphate ; but with methyl-orange, 
alkalinity corresponding with 2Na2S203+H202=Na2S406+2Na0H appears, 
time goes on, the alkaliiiity of the liquid towards methyl-orange gradually 
ninishes, and the whole of the thiosulphate finally exists as sulphate. When 
3 reaction takes place in presence of a salt the corresponding hydroxide of which 
insoluble, suck as a zinc, nickel, or cobalt salt, there is immediate precipitation 
the hydroxide, and tke soln. remains perfectly neutral ; in this manner any 
ssible action of the hydroxyl ions on tke ions derived from tke dissociation of tke 
iosulpkate is avoided. The calculation of tke alkalinity developed from tke 
lount of metallic hydroxide precipitated shows that this alkalinity is exactly 
uble that indicated by methyl-orange, so that the whole of the sodium thio- 
[phate is transformed into sodium hydroxide, according to the equation : 
t2S203-f-H202==2NaOH-f-S203. There is then a further action, represented in 
B cold probably by 4S203-|-5H202==H2S40e+^H2S04, which is in accord with 
NahFs results ; and in hot soln. by 4S203+5H202*==H2S30e+4H2S04+S, which 
rees with R. Willstiitter's results. Hence, under these conditions, hydrogen 
>xide can cause the complete dissociation of sodium thiosulphate into 2Na‘ and 
the formation of tetrathionate being due to a secondary action of the S2O3 
ion with excess of the dioxide, whilst trithionate is formed as the result of decom- 
sition of the tetrathionate by heat. F. Ferraboschi observed that no ozone is 
:ined when sodium thiosulphate is oxidized with hydrogen dioxide. If a denotes 
e cone, of hydrogen dioxide, and h tkat of tke sodium thiosulphate, E. Abel found 
it tke reaction : H202+2S203"+2H’=:S406"+2H20 in acidic soln. is bimole- 
lar and can he represented by dxjdt=^lc{a—x)(b-~x), where the velocity constant 
=1*53- The reaction is accelerated by H'-ions. It is assumed that during tke 
iction there is an intermediate separation of electrically neutral S203-'ions which 
fcermines the velocity of tke reaction. Iodide-ions act catalytically on this 
ermediate reaction. The catalysis by iodide ions occurs in acetic acid soln. 
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provided enough acetate is present to reduce the cone, of the H'-ions. It is con- 
cluded (i) that the thiosulphate is oxidised with great velocity by hypoiodite 
directly to tetrathionate, according to the equation: I0'+2S203^'+2H' 
=S406''+I'+H20 ; (ii) that the catalysis of the hydrogen dioxide and thiosulphate 
reaction by iodine ions does not necessarily require the intermediate separation 
of iodine, cases possibly occurring in which the reactions lead directly to the forma- 
tion of the tetrathionate, that of the intermediate product, iodine, being completely 
suppressed, and (iii) that the decomposition of hydrogen dioxide by the catalytic 
action of iodine ions is a catalysis of an intermediate reaction, the first stage being 
directly detected by the reaction with thiosulphate. The addition of molybdic 
acid, even in the smallest concentrations, produces a far-reaching change in the 
nature of the reaction between hydrogen dioxide and thiosulphates. 

The less energetic oxidizing agents convert thiosulphates into tetrathionates — ^ 
e,g. hydrogen dioxide (A. Nabl),® iodine (M. J. Fordos and A. Gelis), potassium 
iodate (E. Sonstadt), cuprous chloride (F. Kessler), ferric chloride (M. J. Fordos and 
A. Gelis), and selenious acid (J. F, Korris and H. Fay). G. Jorgensen, and 
M. J. Fordos and A. Gelis observed that chlorine and bromine oxidize thiosulphates 
to sulphates : bra2S203+4;Cl2+5H20=Na2S044-H2S04+8HCl ; and they pro- 
posed it as an antichlor in the bleaching and papermaking industries as in the 
patent of M. Dambreville in 1846 . G. Lunge said that the main reaction proceeds : 
2 Na 2 S 203 -l-Cl 2 = 2 NaCl+Na 2 S 406 , although some reacts in accord with M. J. Fordos 
and A. Gelis’s equation : and possibly also : Na2S203-fCl2+H20=Na2S04 

4 - 2 HC 1 +S. C. Mayr and J. Peyfuss represented the reaction with bromine in 
alkaline soln., Na2S203+4:Br2+5H20=Na2S04-l-H2S04+8HBr ; while iodine 
oxidizes the thiosulphates to dithionates. In alkaline soln., with chlorine or 
bromine it is probable that a hypochlorite or hypobromite is first formed, and, 
according to G. Lunge, when the thiosulphate is present in excess, the liquid 
becomes acid, and some hydrogen sulphide is evolved ; presumably owing to the 
reaction: 2Na2S203=]Sra2S306+Na2S, followed by the decomposition of the sulphide 
by the acid. F. Kaschig said that sodium hypochlorite oxrdizes thiosulphate 
in acidic soln. giving partly sulphate and partly tetrathionate. A. W. Francis 
found the velocity constant of the oxidation of sodium thiosulphate with 
bromine to be 15 . F. Di^nert and F. Wandenbulcke found that in dil. soln. the 
reaction proceeds according to the equation 3Na2S203-b5Cl2+5H20=Ka2S04 
d- 8 HCl+H 2 S 04 +Na 2 S 406 + 2 KaCl or 5 NaOCl + 3Ka2S203 + bHsO = 2Ka2S04 
-fNa 2 S 4 O 6 + 5 Na 01 + 5 H 2 O. lu the presence of acids, however, or even in 
the presence of sodium hydrocarbonate, much less sodium thiosulphate is re- 
quired, the reaction being Na2S203-|-4Cl2+^H20 = 2 ]Si aH 804 -l- 8 HCl. M. Berthelot 
said that in oxidizing the thiosulphate to sulphate, 150 Cals, of heat 
are liberated. For the action of hydrochloric add, vide infra, formation of 
pentathionic acid : Na2S203+2HCl=S02+S+2NaCl+H20. G. Vortmann gave 
H2S203=H2S4-S02+0 ; and W. Vaubel : H2S203=Il2S-l-S03. According to 
A. Knxtenacker and A. Czernotzky, the quantity of polythionate produced during 
the decomposition of A^-sodium thiosulphate soln. by hydrogen chloride diminishes 
as the acid cono. is increased. Mercuric chloride, lead acetate, bismuth trichloride, 
sodium tungstate, or sodium sulphide soln, have no marked influence on the re- 
action. On acidifying a thiosulphate soln. which contains a small quantity of 
arsenite or arsenate, a strong odour of hydrogen sulphide is produced, which is 
rapidly replaced by that of sulphur dioxide ; after some minutes a precipitate of 
sulphur and arsenious sulphide commences to form. For constant arsenic content, 
approximately equal quantities of tetra- and penta-tMonate are formed at low 
acid cone. ; at moderate cone, pentathionate alone is produced, whilst with higher 
cone, penta- and hexa-thionates are obtained. At constant acid cone, an increase 
of the quantity of arsenate in the sola, results in the formation of more tetra- 
thionate, probably on account of partial neutralization of the acid present by the 
arsenite soln. Although an excess of arsenic acid should convert all the thio- 
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snlpliatc into toferatliionate, some pentathionate appears to he formed, Arsenious 
sulplnd(‘ has no influence on the thiosulphate decomposition, and arsenic tri- 
chloride hut little. Texvalent antimony has much less efiect than has arsenious 
acid, whilst with molyhdic acid the yield of polythionate is very small ; in presence 
of stannic chloride considerable q^xiantities of polythionate are produced. 
E. H. Riesenfeld and G. Sydow found that the decomposition of sodium thio- 
sulphate in hydrochloric acid soln. alone thiosulphate may decompose according 
to either of the following schemes, depending on the acidity : (i) So03^'-f H' 

=-HS03M~S, and (ii) 5S203"+6H*=-2S506"+3H20. ^ The sulphurous acid formed 
in (i) then reacts with the pentathionic acid formed in the second reaction, giving 
first tfdratliionic, then trithionic acid, thus (iii) S506''+S03'^=S406"'+S203'', and 
(iv) S406 ''-t- 803''“S306''+S203''. Trithionic acid may also be formed by the 
direct action of sulphurous acid on thiosulphuric acid, thus : (v) S2O3'' 

-f-4IlS03'+21i'=2S30o"+3H20. In strongly acidic soln,, however, trithionic 
acid (lecoinposos rapidly as follows : (vi) S306''=S+S02+S04''. The addition 
of ars('uioiis acid to the reaction mixture of hydrochloric acid and thiosulphate 
r('tards the reaction (i) and in the absence of sulphurous acid reactions (iii), (iv), 
and (v) cannot take ]flacc. Hence pentathionic acid formed according to (h) is 
practically tlie sole product of the reaction in the presence of arsenious acid. O. von 
Heines found that sojiie hydrogen persulphide is formed by the action of SA-HCl 
on tliiosulphate : 2Il2S203=H2S2+H2S206. It is assumed that siilphoxylic acid, 
H2SO2, or siilphoxylic anhydride, SO, acts as an intermediate product so that 
sulphur dioxide is reduced by sulphoxylic acid like it is by hypophosphorous acid, 
forming, in both cases, hydrogen persulphide. 

M. J. Fordos and A. Gelis found that when iodine reacts with sodium thio- 
siilphat(% sodium totratliionatc is formed : 2Na2S203+l2=2NaI+Ha2S406, which 
H. Hertlein represented; 4Na'-f 2S203"+l2=^^^*+2I'+»5406''* The reaction 
was studied by F. 0. Rice and co-workers, E. Miiller and H. Kogert, H. Clos, 
S. Popoff and J. L, Whitman, and W. C. Bray and H. E. Miller. A. von Kiss 
and I. Bossanyi studied the temp. cool!, of the reaction, and the effect of the pre- 
sence of neutral salts. S. G. Pickering found that a little thiosulphate is at the 
same time oxidized to sulphate, NaHS04, and the proportion increases with 
rise of temp, so that at 20°, 2T per cent, of the iodine is consumed in forming 
the hydrosulphate. Tlie result is not aflected by the cone, of the soln., 
the cone, of the potassium iodide, or the cone, of the hydrochloric acid present. 
G. Topf, C. Friedheim, R. H. Ashley, J. P. Batey, and E. Abel also found the 
oxidation may proceed further than the tetrathionate ; while I. M. Kolthofl 
said that in neutral or weakly acidic soln., the reaction between iodine and 
thiosulphate takes place in accord with 2Na2S203-^-l2=Na2S406+2NaI. In 
weakly alkaline sohi., part of the thiosulphate is oxidized directly to sulphate 
without the intermediate formation of tetrathionate. The side reaction may be 
reprcKcnted in two stages : l2+OH'=HOI-|-r, followed by 4H0I-j-S2O3''"|-60H' 
=2 804'' +41' ^-5H20 . In sufficiently strongly alkaline soln, , all the thiosulphate may 
in this way be oxidized to sulphate. In strongly acidic soln., the reaction is as in neutral 
soln., tlie decomposition of the thiosulphate by the acid being slow in comparison with 
the formation of tetrathionate. A. Gutmann observed that a soln. of sodium ethyl 
tliiosiilphate does not react with 0*1 Y-iodine, it does not dissolve silver halides, nor 
does it give a blue soln. with a cupric salt, or form potassium thiocyanate with 
potassium cyanide. W. B. Morehouse observed that the absorption of X-rays after 
the reaction : 3KI +l2+2Na2S203=3KI+2NaI+Na2S406, was about 0-24 less than 
before ; and in 70 per cent, alcohol soln., the reaction l2+2Na2S203=2NaI 
+Na2S406 was about 0*36 per cent. less. According to K, Jablczynsky and co- 
workers, tlie velocities of the reactions between iodine in chloroform and aq. sodium 
thiosulpliate and between benzoic acid in carbon tetrachloride and aq. sodium 
hydroxide, as in the case of other heterogeneous reactions, are controlled by the 
rates of difiusion through surface layers at the boundary of the phases, and the 



SULPHUR 


499 


general equation is deduced : A"=('r/0“4343f)xlog Cq/c, in wKicli v is tlie volume of 
chloroform or carbon tetrachloride, Cq the initial cone, of iodine or benzoic acid, 
and c the cone, after t. The velocity constant depended on the rate of stirring of 
the aqueous layer (the lower layer not being stirred) and that the temp, coeff. was 
much lower than for chemical processes. C. L. Cottrell found that the absorption 
of X-rays by iodine in the reaction l2H-2]Nra2S203=2NaI-t-Xa2S40e is on the long 
wave-length side of the A-limit about 0*3 per cent, greater, and on the short wave- 
length side about 0*5 per cent, greater than for combined iodine. According to 
E. J. Maumene, the action of iodine on barium tliiosulphate may form not only 
tetrathionate, but also hyx30Siilphurous acid, H2S2O4, and an etinoatliionic acid, 
H2S6O9 ; indeed, seven acids in addition to the tetratliionic acid should be possible 
according to the proportions of iodine and of thiosulphate om]>loycd. 

A. W. Francis found that iodine distributes itself between soclium ]i}'drosuIp]iitG 
and thiosulphate in the ratio 0*41 : 0*59 ; and bromine gave nearly the same results. 
L. L. de Koninck found that cyanogen iodide dissolved in bydriodic acid yields tetra- 
thionate with thiosulphate; and if dissolved in neutral potassium iodide, tetratliionate 
and sulphate are formed. C. Meineke represented the reaction with sodium thiosul- 
phate and cyanogen iodide in acidic soln. by the equation 2CyI+4Na2S202-f-2HCl 
=2Na2S40e'+^NaCl-f-2NaI-)--2HCy ; and in neutral soln., 3 mods of cyanogen 
iodide react with 5 mols of sodium thiosulphate, producing one mol of sodium 
sulphate — due, it is assumed, to a secondary reaction between the alkali cyanide and 
tetrathionate. A. E. Dixon and J. Taylor represented the reaction with cyanogen 
bromide as involving first the production of alkali cyanide : Na0.S02.SNa-f (jyJBr 
=Xa0.S02.SNa : CyBr=NaCy-t-Na0.S02.SBr, followed by XaO.SO2.SBr 
-fXaS.S02.0Na=NaBr+Xa2S40^, and the alkali cyanide reacts with the tetra- 
thionate producing hydrogen cyanide, etc., as represented by the equation : 4CyBr 
-f'8Na2S203 -h H2O ==• Xa2S04 -f- Xa2S03 -j- 2NaSCy -f- 2HCy -f- 3Xa2S403 -f- 4XaBr. 
A. Kurtenacker showed that there is no such difference between the effect of 
cyanogen bromide and iodide as is here implied. In neutral soln. the reaction may 
be represented by the equation : 3CXBi+5S203"+H20=3Br'+2HCN+CNS' 

+S04"'+2S406". In acidic soln. the thiosulphate goes entirely into tetrathionate 
according to the equation BrCN-|“2S203'^-fH"=Br'-f HCN+S4OS". This is probably 
also the primary reaction in neutral soln., for during the reaction the soln. become 
temporarily alkaline through the formation of sodium cyanide. The latter, however, 
reacts with tetrathionate according to the equation 3XaCN-fXa2S406-l-H20 
=XaCXS4-Xa2S04-l-2HCN-fNa2S203. The thiosulphate thus regenerated reacts 
further with halogen cyanide, and the net reaction is : 3CyBr+6S203"'+H20=3Br' 
4-2HCj-|-CyS'4-S04'' +28403'', According to L. L. de Koninck, liypoiodites 
oxidize thiosulphates as in the case with hypochlorites and hypobromites : Na2S203 
+4NaI0+H20=2NaHS04+4NaI. W. Spring, and M. J. Fordos and A. Gelis 
found that chloric acid, or an acidified soln. of potassium chlorate oxidizes thio- 
sulphates to tetrathionates. W. Feit and K. Kubierschky said that an acid soln. of 
potassium bromate, or bromic acid, completely oxidizes thiosulphates in acidic 
soln. to sulphuric acid and water, A. Casolari represented the reaction : HBrOs 
+6H2S20s=HBr+3H2S406+3H20, and the reaction was studied by F. Fischer 
pd W. F. Tschudin. E. Sonstadt said that an acid soln. of potassium iodate, or 
iodie acid, oxidizes thiosulphates to tetrathionates ; E. Riegler rep^fesented the 
reactiem : 6Na2S203+6HI03==3Na2S406+5XaI03+NaI+3H20 ; and C. F. Walker 
added that the reaction is more complex than this, being influenced by time and con- 
centration. When all the thiosulphate has been converted into tetrathionate and 
iodide, more iodic acid liberates iodine. 6. 8. Jamieson represented the reaction : 
Na2S203+2KI03+2HCl=Na2S04+K2S04+2ICl+H20. W. R. Levinson studied 
the catalytic effect of sodium thiosulphate on the reduction of iodates by sul]')liur 
dbxide. 

When lieated with sulphur, the thiosulphates are reduced to sulphides. Wlieu 
hydrogen sulphide is passed into a soln. of sodium thiosulphate, sulphur is precipi- 
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tated, slo^vl^' at ordinary temp., but more quickly on warming the soln. W. Pet- 
zold'? represented the" reaction with hydrogen sulphide: 2H*+S203''+2H2S 
— 3H20-[-4S. According to H. Bassett and R. G. Durrant, the sulphur is produced 
by the decomposition of the thiosulphate : H2S203=H2S03+S, and to the reactions 
H2S+H2S205-H0.S.0.S.0H-hS(0H)2, and S(0H)2+H2S=2H20+2S. When 
heated, the soln. becomes yellow owing to the formation of polysulphide, and if the 
passage of gas be discontinued, the whole of the precipitated sulphur ultimately 
dissolves. If the soln. is boiled for a sufficient time, the yellow colour disappears, 
and the soln. is then, as a rule, alkaline to phenolphthalein. If hydrogen sulphide is 
again passed in, more sulphur will be precipitated, and will dissolve on heating. 
During the boiling, all the reactions of decomposition which occurred during the 
passage of hydrogen sulphide are reversed with regeneration of thiosulphate, ])ut 
during this period there is a tendency for sodium sulphide and sulphite to produce 
some free alkali owing to hydrolysis. The action of sulphur dioxide on soln. of 
thiosulphates \vas studied by H. Hertlein, M. Berthelot, N. Villiers, H. Clos, 
E, Overdick, W. Spring, etc. According to H. Debus, when potassium thiosulphate 
is dissolved in an excess of a cone. soln. of sulphurous acid, the intense yellow soln. 
can he kept without the separation of sulphur or other apparent change. Hydro- 
chloric acid precipitates sulphur from the liquid ; alcohol gives a crystalline 
precipitate containing some globules of sulphur ; and barium chloride gives a 
mixed precipitate of barium thiosulphate, sulphate, and sulphite. Hence, 
potassium thiosulphate is decomposed by sulphurous acid into potassium sulphite 
and thiosulplmric acid, which remains unchanged in a large excess of sulphurous 
acid. With a smaller proportion of sulphurous acid, the liquid turns yellow 
and smells of sulplmr dioxide, but loses both colour and odour in the course 
of a few days, and sulphur is precipitated. Absolute alcohol added to the decom- 
posed soln. of potassium thiosulphate precipitates potassium trithionate, and 
pentathionate is found in the filtrate. Not half the amount of sulphur required 
by the equation 2R2®2^3+3S02=2K2S30e+S is precipitated. Some tetrathionate 
also is formed. It is therefore inferred that sulphurous acid decomposes a portion 
of potassium thiosulphate, forming the sulphite and thiosulphuric acid which, by 
condensation, is transformed into pentathionic acid and then to potassium penta- 
thionate. Part of the thiosulphuric acid decomposes into sulphur and sulphurous 
acid. Potassium sulphite and pentathionate form thiosulphate and trithionate. 
Hence, potassium trithionate is the chief product, and the tetrathionate and penta- 
thioTiufe, and sulphur are minor products : 6K2S203H-9S02“K2S506+K2^4^6 
Less pentathionate and tetrathionate, and more trithionate are pro- 
ductMl than is indicated by this equation because of the precipitation of sulphur : 
2 K2S2O3 +3802=2X28306+8. H. Bassett and R. Gr. Durrant consider that 
the presence of sulphurous acid favours the decomposition : 2H2S203^H2S+H2S306, 
by partly preventing the reaction H2S203^H2S03+8, partly by forming the yellow, 
stable complex H2S2O3.SO2, and partly by removing hydrogen sulphide. The 
sulphur which is formed under these conditions usually regenerates thiosulphate 
without being deposited. H. Hertlein obtained a quantitative conversion of thio- 
sulphate into trithionate by acting on a sat. soln. of potassium thiosulphate with 
cone, sulphurous acid at 30*^. Under ideal conditions the reactions which occur can 
be summarized by K28203+48O2+H2O=K283O6+H2S3O6. Action does not 
cease %vith the formation of trithionate, the continued action of sulphurous acid 
causes hydrolysis of trithionate, and ultimately sulphate and sulphur appear ; 
tetra- and penta-thionate may he formed in the intermediate stages. W- Feld 
represented the reaction between thiosulphates and sulphur dioxide : 2{NH4)28203 
d-3802=(NH4)28306+(NH4)2S406, and F. Raschig said that the intermediate 
stages i nvolve the formation and decomposition of pentathionate : 5Na2S20:i 
+3802=-2Na2S50e+3Na2S03 ; foUowed by 2Na2S506+3Na2S03=Na2S306 
+Na28406+3Na2S203, F. Forster and B. Vogel found that when a soln. of a 
thiosulphate is treated with an acid, it is inferred that the balanced reactions which 
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occur can be symbolized S203''+H‘^HS203' ; and HS^fV^F^HSO^+S, or (i) 
S203''''+H‘^HS0 /+Sj because tbe bydrosulphite ami tlie tliiosulpbate on acidifica- 
tion furnisb sulphur and sulphurous acid ; changes in the cone, of the substances 
taking part of the reaction alter the equilibrium in accord with this equation ; and 
when thiosulphate soln. are decomposed by w^cak acids, the equilibrium constant, om 
applying the lawof mass action is /£=[S203"1[H'J/[HJ:503'], or Ji--= 0*13 at lU. The 
yellow colour of the thiosulphate soln., after the addition of an excess of sulphurous 
acid, is attributed not to colloidal sulphur, but rather to complex anions in which 
sulphur dioxide is co-ordinately linked to the thiosulphate ions— as exemplified by 
the formation of the complexes K2S3O3.SO2, etc. — and there is the balanced reaction: 
(ii) S203''+S02^[S203(S02)f, which also involves (iii) H’-PHSOs'^f^HoSOsf^SOo 
-{-H 2O. By sufficiently acidifying the thiosulphate solutions, equilibrium (ii) can 
set in, with consequent yellow coloration of the soln. Since by the appearance of 
(ii) the cone, of thiosulphate is diminished, the separation of sulphur in (i) may he 
hindered by sufficiently lowering the hydrogen-ion cone, or increasing hydrogen 
sulphurous acid cone., z.e. the ratio of the cone, of sulphurous acid to that of thio- 
sulphate must be somewhat greater than (i). According to (ii), it must he greater 
the smaller is the thiosulphate concentration ; such solutions are yellow and remain 
completely clear for some time. The systems (i) and (ii) may change so that tri- or 
penta-thionates are formed: (iv) 5S203'‘'+6H*->-2S506''''-f-3H20 ; or (v) S2O3" 
-f4HS903'+2H*->-2S506"+3H20. The pentathionate may also change (vi) S5O3" 
+HS0V-^S406"+S203"-fH', andS406"+HS03VS306"+S208"+H-. Thetrithio- 
nate also decomposes : S30(j''-l-H20-^S0/'-|-S203^‘'+2H*, and the thiosulphate so 
formed enters into system (i). The acidified soln. of thiosulphate also passes 
into sulphur, sulphate, and sulphurous acid. A. Kurtenacker and A. Czernotsky 
observed that the yellow soln. obtained by treating a thiosulphate soln. with 
sulphur dioxide becomes colourless on keeping and then yields a precipitate of 
sulphur when treated with formaldehyde and sodium hyeboxide or acetate, although 
no polythionate can be detected in the sola. Neutralization of the colourless 
liquid with sodium hydroxide yields thiosulphate and sulphite, but no precipitate 
of sulphur. With ice-cold cone, hydrochloric acid and thiosulphate a similar 
colourless soln. is obtained without precipitation of sulphur; after 15 hrs. no 
thiosulphate can be detected. These reactions are ascribed to the formation of a 
complex of sulphur and sulphurous acid ; thus [S903,S02]"+H20v^[S203,S03H2]'' ; 
[S203,S03H2]"^[S(S03H)2]". 

Tor the action of s^phuric acid on the thiosulphates, vide supra. For 
H. Marshall’s observation on the aefion of persulphates resulting in the 
formation of tetrathionates, vide supra. W. Spring found that sulphur mono- 
chloride or sulphur dichloride converts potassium thiosulphate into the 
tetrathionate. According to J. F, Norris and H. Fay, a soln. of selenium dioxide 
in dil. hydrochloric acid reacts : SeO2+4Na2S2O34-4H01=2Na2S4O6+Se+4:NaCl 
4-2H2O, and in the presence of more cone, hydrochloric acid : Se02+4Na2S203 
+4HCl==Na284Se0e4-Na2S406+4:NaCl+2H20 ; tellurium dioxide gives a yellow 
soln. from which sodium hydroxide precipitates tellurium. The reaction with 
selenious acid is discussed in connection with the selenothionic acids. J. T. Norton 
observed that salts of selenium and tellurium are reduced and the elements precipi- 
tated when heated with a soln. of sodium thiosulphate at 140 °~ 200 °. 

E. C. Franklin and C. A. Kraus ^ found that sodium thiosulphate is easily soluble 
in liquid ammonia. J. L. Gay Lussao showed that thiosulphates are oxidized by 
nitric add and aqua regia to sulphuric acid* L. Santi represented the reaction of 
a thiosulphate with a boiling soln. of ammonium chloride : Na2S203+2NH[4Cl 
=2NaCl+H20+2NH3+S02+8. R. F. Weinland and A. Gutmann found that 
the. thiosulphates are not reduced by nitrites ; when a small quantity of a mixed 
soln. of sodium nitrite and thiosulphate is evaporated to dryness and gently heated, 
a violent explosion occurs. According to P. Falciola, if a very dil. soln. of sodium 
thiosulphate be treated with a dil. soln. of alkali nitrite, and the liquid is then 
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acidified with either an inorganic or organic acid or a salt, such as alunij giving an 
acid Holn., more or less marked efiervescence occurs anddhe soln. assumes a yellow 
( olour which, according to the amounts of the sulistances used, may at first be green 
or ox*ang('-hro\vn. The reaction is e<nially sensitive in aq. alcoholic soln., and is 
shown distinctly by O-COOHY-sodmm thiosulphate, which does not readily yield 
sulphur when trcaited with a mineral acid or give a coloration with ferric chloride. 
Only excessive proportions and concentrations of sulphurous acid prevent the 
reaction with traces of thiosulphate. The nitrous ion in presence of the nitric ion mav 
he detected by means of the reaction. A.^Berthoud and W. E. Berger discussed the 
induction by sodium thiosulphate of the reaction between iodine and potassium 
nitrite. J. M. Eder recommended a 0*2 per cent. soln. of chloroamine for removing 
the last traces of thiosulphate from photographic plates. R. F. Weinland and A. Gut- 
inann found that liypos^phites, and phosphites do not reduce sodium thiosulphate. 

According to J. Y. Buchanan, phosphorus pentachloride reacts with lead thio- 
sulphate, dried at 100'' — not the hydrated salt (C. Pape) — forming hydrogen chloride, 
lead chloride, sulphur dioxide, sulphuryl chloride, and what is probably thio- 
phosphoryl chloride. K. Kraut said that phosphorus pentachloride converts 
sodium thiosulphate into sulphate ; while phosphoryl chloride does not attack the 
anhydrous salt. P. J. Faktor heated arsenic trioxide with five times its weight of 
anhydrous sodium thiosulphate and obtained red arsenic disulphide and the yellow 
trivsulphide ; and similar products were obtained with arsenic pentoxide. 
J. T. Norton found that arsenic is not precipitated as sulphide when its salts are 
treated with a soln. of sodium thiosulphate at 140®-200'', unless an acid be present — 
vide infra, arsenic thiosulphate ; and for 6. S. Forbes and co-workers' observations 
on the clock reaction, vide arsenic trioxide. T. Salzer found that when sodium 
thiosulphate is treated with sodium orthoarsenite and hydrochloric acid, it 
forms pentat bionic acid ; on the other hand, L. W. McCay represented the 
reaction which occurs when a mixture of the two salts is triturated with 
sodium hydroxide : Na3As03+Na2S203=Na3As03S+Na2S03. R. F. Weinland 
and A. Gutmann added that the products of the reduction when soln. of the 
t'wo salts are mixed are sodium sulphite and sodium sulphotrioxyarsenate, 
wEiie a small quantity of arsenic is precipitated; with the ])otassium salts 
the products are similar ; while with calcium thiosulphate and sodium arsenite, 
a precipitate of calcium arsenite is formed, and on heating the mixture, sodium 
and calcium sulphotrioxy arsenates are formed. A. Gutmann represented the 
reaction with sodium ethylthiosulphate and sodium arsenite in the presence 
of sodium hydroxide : 2Na(C2H5)S2O3-f2NaOH+2Na3AsO3=2Na2SO3+202H5SH 
+2Na3As04. According to R. F. Weinland and A. F. Gutmann, at ordinary temp, 
sodium thiosulphate and sodium hydroarsenite form sodium sulphotrioxyarsenate 
and sulphite, and a little arsenic ; when heated a yellowish-red product containing 
no suiphoxyarsenate is formed. The corresponding potassium salts behave simi- 
larly. Sodium thiosulphate reacts with sodium dihydroarsenite, forming sodium 
sulphite, arsenic is precipitated, and then red arsenic disulj)hide. The mother- 
liquor dejxosits a suiphoxyarsenate when heated on the water-bath. F. J. Faktor 
found that when a mixture of antimony trioxide with fiYe times its weight of 
sodium thiosulphate is heated to redness, greyish-black antimony trisulphide is 
formed. J. T. Norton found that antimony is completely precipitated as sulphide 
when its salts axe treated with soln. of sodium thiosulphate at 140''-200°. 
M. Meyer arranged the reaction between thiosulphates and antimony salts (q^v.) as a 
clock reaction — vide infra, antimony thiosulphate. R. F. Weinland and A. Gutmann 
observed that when sodium thiosulphate is heated with a cone. soln. of sodium antl- 
monite, it is reduced to sulphite, and sodium pyroantimonate and sulphoantimonate 
are formed ; with potassium salts, potassium antimonate and sulphoantimonate 
are produced, and if the mixture is allowed to stand at ordinary temp., antimony 
trisulphide is precipitated, and the mother liquid contains potassium disulpho- 
tlioxyantimonate. - 
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Wlieii sodium tliiosulphate and C3.rboB are lieated together, sodium sulphide 
is formed — vide supra, for the action of cyanogen halides. 1. j\L Kulthofi' ^ stiiditsl 
the infliieiico of charcoal on the velocity of decomposition of thiosulplmric acid. 
H. von Pechmann and P. Manck found that TThen heated with potassium cyanides 
thiocyanate is formed. According to H. Rose, mercuric cyanide makes the solu. of 
sodium thiosulphate alkaline, but no precipitate is formed, and very little sulphide 
is produced, but when an acid is added, a white precipitate is formed. A. Gutniann 
observed that in neutral soin., mercuric cyanide and barium thiosulphate react 
according to the ei^uation : Hg(Gy)2+:iiBaS203+H20=Hg8+BaS03-f BaS04 

+HCy+HCyS, whilst the reaction in alkaline soln. is represented by 4Hg{Cy)2 
+8hra2S203+Na20=3Hg(CyS)2+JhfaCyS-t-NaCy+HgS+7Na2S03+Xa2S04, from 
which it appears probable that thiosulphuric acid exists in two tautomeric forms. 
F. Kessler s reaction takes place in acid soln. : irg(Cy)2d-BaS203+H20=HgS 
-j-2HCy+BaS04 and BaS2034-2HCl=BaCl2+S02+S+H20. Mixtures of soin. 
of mercuric cyanide and sodium ethyl thiosulphate soon become acidic,, owing to 
the reaction : 2XaS02.0SC2H5+HgCy2+2H20=2XaHS04+2HCy+Hg{SC2H5)2. 
For H. Bunte’s observations on the action of ethyl bromide, vide infra, the con- 
stitution of thiosulphates. A. Kappanna studied the kinetics of the reaction of the 
thiosulphates on sodium bromoacetate. F. C. Calvert said that a soln. of sodium 
thiosulphate 1 : 1000 does not affect protoplasmic life nor fungi. When sodium 
thiosulphate is mixed with a yeast-sugar fermentation mixture, C. Xeuherg and 

E. Welde found that 15 per cent, is reduced in accord with Xa2S203-[-H2 

=H2S+Na2S03. B. Vanino, and 0. Schmidt studied the compounds of tliio' 
sulphuric acid with the aldehydes : H2S203+CH20^H0.CIl2.HS203 ; etc. 

0. Y. Magidson and V. M. Krol prepared sodium ethylene thiosulphate, 

Na2C2H4(S203)2. 

Sodium thiosulphate in most of its reactions in the absence of air and of oxidizing 
agents is resolved into a mixture of sulphite and sulphur ; in acidic soin., hydrogen 
sulphide may he given off. The facility with which the thiosulphates form metal 
sulphides led C. Himlyi<> and J. Landauer to propose its use as a group reagent in 
place of hydrogen sulphide when the metal sulphide and sodium sulphite are formed. 

F. Muck said that sodium decomposes thiosulphate into sulphite and sulphide. 
W. Spring observed that sodium amalgam reduces a soln. of alkali thiosulphate 
to a mixture of sodium sulphite and sulphide : Na2S203-f-2Na=Na2S-f Na2S03. 

E. Priwoznik said that copper is blackened in a few weeks by a soln. of sodium 
thiosulphate ; and finely divided copper with a boiling soln. forms a precipitate of 
copper sulphide and a soln. of sodium sulphite free from sulphide. A similar 
observation was made by P. J. Faktor, and V. Merz and W. Weiih : Na2S203-f 2Cu 
=Cu2S+Xa2S03. E. Priwoznik said that when silver is boiled with a soln. of 
sodium thiosulphate it becomes coated with a film of silver sulphide. F. J. Faktor 
also observed the blackening of silver by soln. of the thiosulphate. A. Mathieii- 
Plessy found that when an acetic acid soln. of sodium thiosulphate is warmed 
with magnesium, hydrogen, and hydrogen sulphide and sulphur are formed. 

F. J. Faktor represented the reaction with magnesium and a boiling soln. of 

the thiosulphate : Mg4*2H20==Mg(OH)2+H2 ; Xa2S203-f*Il2=H2S+Xa2S03 ; 

Mg(0H)2+2H2S=Mg(SH)2+2H20. Anhydrous sodium thiosidphate with one- 
fifth its weight of magnesium powder, heated to redness, furnishes magnesium 
sulphide and sulphate. P. Neogi and R. C. Bhattacharyya found that thiosulphates 
are reduced to sulphite and sxilphide by magnesium amalgam. H. Vohl observed 
that a hydrochloric acid soln. with zinc gives off hydrogen sulphide, and J. Reynolds 
said that the reaction enables one part of the thiosulphate in 500,000 parts of soln. 
to he detected. F. J, Faktor found that cadmium is coloured yellow by a hot soln. 
of sodium thiosulphate. L. L. de Koninck represented the reaction with alunainiam 
in the presence of alkali-lye : Na2S203+2Na0H~f 2H— Na2S03-l-Na2S-|-2H20. 
E. Priwoznik found that tin becomes coated with the sulphide. F, J. Faktor 
observed that when heated with anhydrous sodium thiosulphate, tin furnishes 
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the sulphide, that with a soln. of sodium thiosulphate, lead gives a film of black 
sulphide ; bismuth, bTOwnish-black bismuth trisiilphide, the lead-bismuth alloys, 
both lead and bismuth sulphides ; and powdered iron, a black sulphide. "When 
the anhydrous thiosulphate is heated to redness with one-fifth its weight of iron, 
dark green, needle-like crystals of Na.EeS2 are formed ; and at a lower temp., 
brownish-black powder is produced. J. de Girard obtained surface colours on the 
metals by treating them wdth double thiosulphates. 

A. Geuther ^ found that silver oxide does not simply exchange its oxygen atom 
for a sulphur atom of sodium thiosulphate, but undergoes a reaction occupying 
three stages : Na2S303+Ag30=Ag2S203-l-Na20 ; Ag2S203=Ag2S-f SO3 ; and 

S03-j-Na20=Na2S04. Hence he inferred that the thiosulphates are not simply 
sulphates with an oxygen replaced by sulphur. F. J. F akfcor strongly heated a mixture 
of zme oxide with five times its weight of anhydrous sodium thiosulphate and found 
that sulphur dioxide is given ofi and zinc sulphide formed. F. J. Faktor said that 
black mercuric sulphide is produced when mercuric oxide is warmed with a soln. of 
sodium thiosulphate. When anhydrous sodium thiosulphate is warmed with one- 
fourth its weight of alumina, aluminium sulphide is produced. R. F. Weinland 
and A. Gutmann found that sodium thiosulphate gives a precipitate of stannous 
sulphide when treated with sodimn starmite ; the mother liquor contains sodium 
sulphite and stannate ; potassium stannite behaves similarly ; while sodium 
plumbito is without action at ordinary temp., and when heated on a water-bath 
forms a small quantity of lead oxide and sulphide, while most of the sodium thio- 
sulphate remains unaltered in soln. J. W. Slater found that a soln. of eliromic acid 
gives, when boiled with sodium thiosulphate, a precipitate of chromic oxide. J. Myers 
said that the reaction with chromic acid soln. at ordinary temp, is a scarcely percep- 
tible precipitate which when heated becomes brown under conditions where a penta- 
thionate would remain clear, T. Diehl represented the reaction: 8H2Cr0i 
4*31128203-1- 7H20=6H2S04+8Cr(0H)3 ; and A. Longi said that the main reaction 
is 2H2Cr04-f 6H2S203=3H2S40e+2Cr(0H)3+2Hu0 ; and there is a secondary 
reaction 14H2Cr044-3H2S4034*18H20=12H2S04+14Cr(0H)3. Both the thio- 
sulphate and tetrathionate in the presence of hydrochloric or sulphuric acid or 
chromic salts develop hydrogen sulphide. J. W. Slater, and A. Longi said that in 
the absence of acids, potassium ddebromate is very little if at all decomposed. 
G. Grather and T. Nagahama studied the reduction of dichromates by the thio- 
sulphate. According to F. J, Faktor, in the presence of hydrogen dioxide, chromates 
form chromic hydroxide and chromic salts. A sohi. of sodium thiosulphate dissolves 
thallous dichromate, forming yellow thallous chromate, and when the liquid is 
heated with ammonium chloride, chromic hydroxide is precipitated. When sodium 
chromate is heated with four times its weight of anhydrous sodium thiosulphate, a 
sulphate and sulphide axe produced as weE as a complex sulphide NaCrS2. A soln. 
of sodium thiosulphate reduces ammonium molybdate to molybdenum dioxide ; 
and sodium tungstate forms tungsten dioxide and heptoxide. When anhydrous 
sodium thiosulphate is heated with one-fourth its weight of molybdenum trioxide, 
molybdenum disulphide is formed, and with tungsten trioxide, tungsten disulphide. 
J. Stingl and T. Morawsky said that potassium permanganate can oxidize 
sodium thiosulphate in neutral soln., forming KH3Mn40io> while M. Honig and 
E. Zatzek said that this oxidation can take place only in alkaline soln. forming 
KHsMnsOg ; and I. M. Kolthofi said that the reaction is complete with a large 
excess of permanganate in alkaline soln,, in acidic or neutral soln., the reaction 
with a large excess of permanganate was incomplete even after 24 hrs. 
M. Glaser said that the alkalinity produced by potassium carbonate in M. Honig 
and E. Zatzek’s experiments plays no part in the reaction, and that sodium 
thiosulphate can he completely oxidized in neutral soln. : 5Na2S2O3-f-8KMii04 
4-3H20=2EB3Mh40io+3Na2S044’3K2S04. To this M. Honig and E. Zatzek 
replied that when neutral soln. are boiled with permanganate in excess, sulphur 
always remains in soln. after precipitating the sulphuric acid formed with barium 
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cliloride ; tiiis is oxidized to sulpimric acid on addition of bromine. WKen, on tiie 
other hand, an alkaline solii. of thiosulphate is boiled with excess of permanganate, 
tlio whole of the sulphur can be removed as barium sulphate, and no more sulphuric 
acid is obtained by adding bromine. They also conclude that the composition of 
tlie precipitated maiiganito cannot be relied on to indicate the nature of the decom- 
position, as the precipitate ha,s no constant composition. G. Briigelmaim used the 
process for the determination of thiosulphate, for with an excess of permanganate the 
thiosulphate is oxidized to sulphate: 2KMn04+NaoS203 =1^2804 -rXa.B04 
-p^In^Oj, and the dissolved sulphate is determined in the usual way, Accandiug 
to 0 . Luckow, a soln. of sodium thiosulphate, whether neutral, acidified by sulphuric 
^cid, or made alkaline with potash-lye, when boiled with an excess of potassium 
permanganate, reduces only so much of the latter as corresponds with what is 
required by the equation 21128203-1-70+1120=21128044-1128206, and the dithionic 
acid can be detected in tlie oxidized soln. The reaction was also examined by 
H. Kihani. F. Raschig said that in alkaline soln., permanganate oxidizes thiosulphate 
to sulphate. M. 0 . Lea found that ruthenium trioxide, RU2O3, produces with 
hydrochloric acid and sodium thiosulphate when sat. with ammonia, a rose- 
red or carmine-red colour which is almost black in cone. soln. The reaction is 
sensitive to the presence of one part of sodium thiosulphate in 25,000 parts of 
liquid. 

If an alkali thiosulphate be added to a soln. of a metal salt, there is formed 
a soluble or an insoluble metal thiosulphate, which may dissolve in an excess of 
the thiosulphate to form a complex salt. This soln. may be stable or unstable , 
some soln, decompose at ordinary temp., others require the application of more 
or less heat, and the metal sulphide is precipitated, while others again are stable 
when heated. When the soln. is acidified, the metal may be precipitated as 
sulphide. J. W. Slater said that all the metals precipitated by hydrogen sulphide 
in acidic soln. are precipitated from hot soln. of sodium thiosulphate by hydrogen 
sulphide. A. L. Orlowsky found that soln. of lead and cadmium behave rather 
differently. The alkaline earths are precipitated as thiosulphates from these 
soln. by the addition of ammonia, and they are converted into sulphates and 
sulphites when boiled for a long time. G. Vortmann showed that the behaviour 
of a boiling soln. of sodium thiosulphate, in neutral or feebly acidic soln., depends 
on the nature of the metal. If it does not form a sulphide in aq. soln., the hydroxide 
may be precipitated — e.g. aluminium ; if it forms an insoluble sulphide, that will 
be precipitated and sulphuric acid formed — e.g. copper and silver ; if the metal 
sulphide is readily reduced, or the thiosulphate is in great excess, reduction may 
occur and tetrathionic acid be formed — e.g. cupric to cuprous salts ; in some cases 
the metal sulphide is formed and sulphur dioxide evolved, some sulphuric and 
tetrathionic acids may be formed — c.g. arsenic, antimony, tin. 

The behaviour of some salt soln. towards sodium thiosulphate is indicated in 
connection with the individual thiosulphates. The tendency of the thiosulphates 
to form complex salts is noteworthy. As noted by J. F. W. Herschel, the aq. 
soln. of the alkali thiosulphates dissolve many metal oxides and salts in consequence 
of the formation of soluble complex salts ; and hence the application of thiosul- 
phates in photography, and their use in the extraction of silver from its ores — 
k 22 , 3 , The action of the thiosulphates on copper, and silver salts is discussed 
in connection with their thiosulphates. E. Miiller studied the electrometric titra- 
tion of thiosulphate and silver nitrate. H. Bassett and E. G. Durrant found that 
when copper salts in presence of excess of thiosulphates are heated with mineral 
acids, cuprous sulphide is precipitated, but this precipitation is not complete even 
after prolonged boiling if hydrochloric acid is employed. The reason for this 
appears to depend on the formation of the double chloride mentioned above, which 
cannot decompose into cuprous sulphide. The precipitation is complete if nitric 
acid is used, provided the cone, of the acid is less than 0 * 5 ^-, and is complete with 
sulphuric acid, which should be fairly concentrated if any copper chloride is pre- 
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sent. In tLese circumstances, pentatLionic acid is produced tlirough. tlie inter- 
action of tiiiosulpliate, tetrathionate, and mineral acid. J. T. Norton observed 
that between 140° and 200°, salts of silver and copper are completely precipitated 
as sulphides by sodium thiosulphate. According to J. Hanus and V. Hovorka, 
the precipitate formed in the reaction between cupric salts and sodium thiosulphate 
consists of a mixture of cuprous and cupric sulphides and varying proportions of 
free sulphur. The composition depends on the duration of boiling, the proportion 
of thiosulphate, and the acidity of the soln. The maximum amount of cuprous 
sulphide was obtained from soln. with 2*5 to 3*0 mols of thiosulphate per gram-atom 
of copper ; increasing the thiosulphate decreased the proportion of cuprous sulphide 
until, with 15 to 30 mols per gram-atom of copper, the precipitate consisted largely 
of cupric sulphide and sulphur. The composition of the precipitate in acidic soln. 
containing 4 to 5 mols of thiosulphate per gram-atom of copper was CU2S : CuS=8 : 92 
per cent, J. Bodnar based a method of determining thiosulphates in the presence 
of sulphites on the fact that the thiosulphate alone reduces silver nitrate to sulphide 
and sulphuric acid — ^the latter is determined with standard alkali in the filtered 
liquid. As shown by M. C. Lea, in the presence of free acids, silver and 
gold salts behave as they do towards hydrogen sulphide. F. J. Faktor 
found that when anhydrous sodium thiosulphate is heated with one-fourth its 
weight of copper chloride, some sulphur and sulphur dioxide are given ofi, and 
cuprous sulphide is formed ; with silver nitrate, black silver sulphide is produced ; 
and with cadmimn chloride^ cadmium sulphate and sulphide. J. T. Norton 
said that beryllium salts are imperfectly precipitated as hydroxide by sodium 
thiosulphate at 140°--200 ; and likewise cadmium and zinc salts are completely 
precipitated as sulphides by sodium thiosulphate ; and mercury salts behave 
similarly. According to M. C. Lea, in acidic soln. mercury salts behave 
towards thiosulphates the same as they do towards hydrogen sulphide. 
H. W. F. Wackenroder and L. A. Buchner said that mercuric nitrate soln. give a 
lemon-yellow precipitate which with an excess of the nitrate becomes yellowish- 
white ; and H. Rose, that mercuric salts, not in excess, produce a white precipitate 
of mercuric thiosulphate, which becomes yellow, brown, and finally black, owing 
to its passage into mercuric sulphide — ^the change is rapid with hot soln. ; if 
mercuric salt be in excess, the white precipitate is not changed even on boiling, 
and it is said to be a compound of mercuric sulphide and thiosulphate. In both 
cases, the liquid contains sulphuric acid. F. Field said that an aq. soln. of mer- 
curous iodide, and H. Fleck, a soln. of mercuric chloride in sodium thiosulphate, 
when warmed, give a precipitate of mercuric sulphide, while J. C. Schnauss observed 
that mercuric chloride does not furnish mercuric sulphide, but rather a complex 
salt, NaHgS203. W. Feld represented the reaction as an oxidation pro- 
cess i supported 

by the fact that the precipitate is white. A. Sander supported the older state- 
ments of J. F. W. Herschel, H. Rose, and F. Kessler, that the white precipitate is 
a chlorosulphide Hg3S2Cl2. F. J. Faktor added that a warm soln. of mercurous 
chloride and sodium thiosulphate gives a black precipitate. F. J. Faktor repre- 
sented the reaction with gold chloride, when warmed, by 2AuCl3-|-6HgCl 
+3Na2S203=6HgCl2+Au2S3-|-3Na2S03. When red mercuric sulphide is digested 
with a soln. of sodium thiosulphate it takes on a fiery red colour. If anhydrous 
sodium thiosulphate he warmed with one-fourth its weight of mercuric chloride, 
black mercuric sulphide is formed. G. Yortmann also noted the formation of 
sulphide, sulphuric acid, traces of tetrathionic acid, and no pentathionio acid when 
mercuric salts are treated with sodium thiosulphate, J. T. Norton showed that 
salts of almmniiim, cluromium, titanium, zirconium, and thorium are com- 
pletely precipitated as hydroxides when treated with soln. of sodium thiosulphate 
at 140°— 200° ; and that whilst aluminium and chromium salts are not completely 
precipitated hy boiling during a reasonable time under atm. press., they are 
quantitatively precipitated under 20 atm. press. Zirconium and titanium 
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hydroxides are precipitated quantitatively by boiling a few minutes at atm. press. 
F. L. Hahn studied the reaction with aluminium salts. F. J. .Eaktor found tiiat 
alkaline soln. of thallous salts form a white precipitate with sodium thiosulphate , 
and this becomes brown when boiled, and brownish-black thallous sulphide is pro- 
duced if hydrochloric, sulphuric, or acetic acid be present ; hot soln. of thallous 
salts and sodium thiosulphate form a brown 1 iquid ; thallous chloride is easily soluble 
in sodium thiosulphate soln., thallous bromide is sparingly soluble, and thallous 
iodide is virtually insoluble. A. Benrath and K. Euland found that ceric 
sulphate converts sodium thiosulphate into tetrathionate : 2Na2S203+2Ce{S04)2 
=Ce2(S04)3H-]Sra2S04-fNa2S40e. Anhydrous sodium thiosulphate heated with 
one-fourth its weight of thallous sulphate formed thallium sulphide, TI4S5 ; similarly, 
stannous chloride reacts : ^ 6Na2S203+2SnCl2=3]Sra2S04-f 2 SnS-f Na2S+4NaCl 
-|-3S-f-3S02 ; and leud chloride forms lead sulphide — vtde inffa^ lead and tin thio- 
sulphates— bismuth chloride, the complex sulphide NaBiS2. J. T. Norton found 
that lead salts are completely precipitated as sulphide when treated with a soln. 
of sodium thiosulphate at 140 ^^ to 200° ; and he also found that at 140 ° to 
200°, manganese is only incompletely precipitated as sulphide from soln. of man- 
ganese salts. According to F. J. Faktor, when anhydrous sodium thiosulphate 
is heated with one-fourth its weight of manganese chloride, there is formed the 
complex sulphide Na2Mn3S4 ; with cobalt chloride, Na2Co4Se ; and with nickel 
chloride, NasNioSg. In the presence of hydrogen dioxide, soln. of manganese 
salts with sodium thiosulphate give a brown precipitate of hydroxide ; cobalt 
salts a black, and nickel salts a pale green precipitate. According to H. SchiS, 
and A. Lenz, ferric salts, in the cold, form with sodium thiosulphate violet or 
reddish-black coloured soln., which probably contain an unstable ferric thio- 
sulphate, which, according to J. P. Claesson, becomes dark red when treated 
with ammonia. After standing some time, the soln. becomes colourless owing to a 
reaction which 0 . Popp, and K. Jellinek and L. Winogradoff symbolized : 
2Na2S203 -f 2FeCl3=2NaCl -f 2FeCl2 + Na2S40e — Me rnfm^ ferric thiosulphate. 
The reaction was studied by A. von Kiss. J. T. Hewitt and Gr. E. Mann observed 
that the reduction of ammonium ferric alum, 2Fe'''+2S203'^=2Fe"4-S40e'', is 
a quadrimolecular reaction, and probably two complexes containing iron react 
with two thiosulphate molecules. J. Holluta and A. Martini found that the 
initial acceleration of the reaction cannot be ascribed to the autocatalytic action 
of the end-product — ^the ferrous or tetrathionate ions; to the catal;^ic action 
of the sulphur formed in the reaction ; or to the means adopted to stop the 
reaction at the required point. J. T. Norton found that salts of iron, cobalt, 
and nickel are completely precipitated as sulphides when treated with a soln. 
of sodium thiosulphate at 140 °~ 200 °. E. Pietsch and co-workers studied the 
surface conditions in the reaction with ferric chloride. M. C. Lea found that 
soln. of platimim salts, in the presence of free acid, behave* towards sodium 
thiosulphate as they do with hydrogen sulphide. 

The constitution of the thiosulphates. — In 1855 , W. Odling^^ suggested that 
thiosulphuric acid be regarded as sulphuric acid with one atom of oxygen replaced 
by sulphur so that sulphurous, thiosulphuric, and sulphuric acids were respectively 
related as H.SO2.OH, HS.SO2.OH, and HO.SOo.OH, and that the oxidation of 
sulphurous acid furnishes sulphuric acid, and the sulphurization of sulphurous acid, 
thiosulphuric acid. This agrees with C. J. Kocne^s view, who also assumed that 
the anhydride is to be regarded as sulphur trioxide with one atom of oxygen re- 
placed by one of sulphur. E. Mathieu-Plessy said that the alkaline thiosulphates 
in the presence of acetic acid have a stability sufficient to render them analogous 
to the corresponding sulphates. G. 6. Stokes found that as a rule the halides of 
quinine, or those salts in which quinine is not directly combined with oxygen, do 
not manifest fluorescence, whereas the oxygen salts, like sulphates and nitrates, 
are fluorescent. The thiosulphates are exceptional in being non-fluorescent. 
H. Eose thought that all thiosulphates contain hydrogen, and the formula 
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or H2SO2, was suggested for the thiosulphuric acid, which was thus 
related more to sulphurous than to sulphuric acid : H.SOo.H representing thio- 
sulphuric acid ; H.SOo.OH, sulphurous acid ; and HO.SO2.OH, siilphiuic acid. 
0. Pape, however, prepared anhydrous thiosulphates of potassium, sodium, barium, 
and lead, so that this argument lost weight. A. Dupre, however, supported the 
argument from his observations on the synthesis of formic and thiosulphuric acid, 
suggesting that thiosulphuric acid resembles formic acid, H.CO2H, by having the 
carbon replaced by sulphur ; and W. Odling also emphasized the relation by 
comparing the reduction of carbonic acid to formic acid : H2C03--(-'2Na 

—H.CO^Na+NaOH, with the reduction of sulphurous acid to thiosulphuric acid: 
H2S03+2Na=H,S02Na+Na0H. The tendency of the thiosulphates to split 
up so as to give an atom of free sulphur : Na2S203+2HCl=2NaCl+H20+S02+S, 
can be explained also by the alternative formula 2NaHS02+2HCl=2NaCld-2H20 
SO2+S. The tendency of a thiosulphate to furnish a sulphate and sulphide is 
parallel to the tendency of a hypophosphite or phosphite to furnish a phosphate 
and phosphide. 

0. Schorlemmer preferred W. Odling’s original formula HO.SO2.SH, and 
C. W. Blomstrand held that thiosulphuric acid may have the constitution 
HO.S(S)O.OH, although the preparation of toluyl thiosulphate from potassium 
hydrosulphide: C7H7S02Cl+2KSH=m+H2S-T-C7H7S02.SK, is in agreement 
with the formula HO.SO2.SII. J. Y. Buchanan also said that the action of phos- 
phorus pentachloride on lead thiosulphate does not yield sulphuryl chloride as 
would be anticipated if the formula of the acid, were HS.SO.2OH. M. Picon also 

OTT 

recommended the formula S==SO<Qjj-. W. Spring supposed that the two sulphur 

atoms in thiosulphuric acid are bivalent, and based his inference on the reactions : 
('eH5S02.Cl+K2S=E:Cl-fS+C6H5S02K; and 06H5S02K-fS=CeH5S202K, and 
on the assumption that the HSOa-radicle is concerned in these reactions. W. Spring’s 
formula is H.S.S.O.O.O.K. This does not conflict with J. Y, Buchanan’s experi- 
ment. A. Michaelis held that thiosulphuric acid is not related to sulphurous or 
sulphuric acid because of the formation of ammonium thiosulphate from ammonium 
sulphate and phosphorus pentasulphide. D. I. MendeleeS represented thiosulphuric 
acid as a derivative of hydrogen sulphide containing the univalent HSOg-radicle 
in place of hydrogen H — S — ^HSOs. This is another way of representing the formula 
HS.SO2OH. The rival formulee for thiosulphuric acid are ; 



Symmetrical. Asymmetrical. 


and E. Drechsel held that both forms can exist as isomers. As a rule, phosphorus 
sulphide acts on many compounds, replacing oxygen by sulphur, and generally, 
the oxygen atoms in hydroxyl groups axe more susceptible to sulphurization th^ 
oxygen atoms directly united to sulphur. The formation of thiosulphates by the 
action of phosphorus sulphide on sulphates is taken to favour the HS.SO2.OH 
formula. A similar conclusion follows from the formation of thiosulphates by 
the action of hydrogen sulphide on sulphur trioxide : H2S+S03=HS.S02.0H, 
analogous with the action of water on the trioxide Il20+S08=H0.S02.0H. 
Again, sodium thiosulphate is formed when a mixture of sodium sulphide and 
sulphite is treated with iodine : Na2S+Na2S08+l2=^%S203H-2NaI* This 

reaction can be supposed to occur in two steps : Na2S+l2^2NaI-f'S ; and the 
liberated sulphur acts upon the sodium sulphite as previously indicated or dse 
the iodine can be supposed to withdraw one atom of sodium from a mol of sodium 
sulphide and one from the mol of sodium sulphite, and the .residues to unfte 
to form a more complex mol — condensation product. This ppeiation, smne- 
tim^ called ^ring’s r^ctian— after W. Spring’s syntheses of tihe tMonic acwfe 
by a amilar reaction in 1874 — ^is symbolized : 
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H. Bassett and R. G. Diirrant suggested that the reaction is not terraolecular, 
but rather involves the two-stage reaction in which the complex NaoSoO^.I^ is 
hist formed, and this reacts with another mol of thiosulphate to form the tetra- 
thionate. In support of the asymmetrical formula, H. Bunte found that ethyl thio- 
sulphate can be prepared from ethyl bromide and sodium thiosulphate : NaS.SO2.ONa 
-l-C2H5Br~NaBr-fC2H5S.SO2.ONa, which, with hydrochloric acid, yields 
mercaptan, C2H4.SH, and sulphuric acid: NaO.S02.SC2H5+H20=NaO.S02.0H 
-f C2H5BH. This is taken to prove that the ethyl radicle is in direct combination 
with sulphur. In support of this, H. Schwicker reported that the isomeric salts, 
KS.SO2.ONa and NaS.SO2.OK, can be prepared — by the action of ammonium ' 
sulphide on the two sulphites, K.S02.0Na and Na.SO2.OK. This argument, how- 
ever, has little weight because of the doubts as to the existence of the isomeric 
sulphites (q,v,). On the other hand, the asymmetric formula is supported by the 
electrolytic reduction of sodium benzyl thiosulphate, Na(C6H5.CH2)S203, which 
was observed by T. S. Price and D. F. Twiss to form dibenzyl disulphide, 
(CeH5.CH2)2S:i, presumably by the reaction: 2(C7H7S.S02.0Na)-fH2— SNaHSOs 
+(C7H7)2S2. a. Gutmann favoured the symmetrical formula from his study of 
the action of sodium hydroxide, sodium arsenite, and of potassium cyanide on the 
tri- and tetra-thionates. He found that when sodium tetrathionate reacts with 
sodium arsenite in alkaline soln., two raols of monosulphoxyarsenate, one of 
arsenate, and two of sulphite are formed : Na2S40c+3Na3As03-f 2NaOH 
=2Na3AsS03+Na3As04+2Na2S03+H20 ; that is, 8405=28+0+2802. This, he 
said, cannot be explained by D. I. Mendelecfi’s formula for the tetrathionate, 
derived from the asymmetrical formula Na8.8O2.ONa for the thiosulphate ; but 
with the symmetrical formula NaO.SOS.ONa, the formula for the tetrathionate 
becomes NaO.SOS.O.O.SOS.ONa, a derivative of persulphuric acid. The reaction 
with sodium arsenite then becomes NaO.SOS.O.O.SOS.ONa-^NaO.SO.O.SO.ONa 
+ 0 + 28 ; corresponding conversion of the persulphate into pyrosulphate : 
NaO.S 02 . 0 . 0 .S 020 Na-;»-NaO, 802 . 0 .S 02 . 0 Na+ 0 . This all means that the two 
S02.0Na'-residues left after withdrawing two atoms of sulphur from a mol of the 
tetrathionate built on D. I. Mendeleeff^s scheme should unite and form a mol of 
dithionate, and the dithionate would not then give arsenate and sulphate since 
dithionates have no action on arsenites. A. Friessner showed that when neutral 
or alkaline soln, of sodium sulphite are electrolyzed the process is represented : 
2S0o';+0+H20=S206'^+20ir and not 2S03';+2©=S206'^ meaning that 
sulphite ions do not condense to form dithionate ions. Hence, argue T. S. Price 
and D. F. Twiss, the two S02.0Na'-residues may not unite to form dithionate, 
but rather react : 2(S02.0Na)+2NaOH=2Na2S03+H20+0, and A. Gutmann’s 
argument loses its cogency in favour of the symmetrical formula for the thio- 
sulphates — vide infra, poljdhionic acids. H. Debus explained the- constitution of 
the pol}i;hioiiic acids (q.v.) by assuming that the sulphur enters the molecule of 
sulphurous acid through the H.S02-radicle to form the KS.S02-radicle- Some 
thiosulphates — e.g. that of calcium — easily lose sulphur and become sulphite, 
indicating that the second atom of sulphur is held in the mol of thiosulphate by 
a feeble force. H. Burgarth discussed the electronic structure. 

As a matter of fact, many reactions of the thiosulphates can be grouped in 
favour of the symmetrical formula and yet others in favour of the asymmetrical 
formula. It can also be assumed, as in the case of the sulphites, etc., that a tauto- 
meric change is involved, NaO.SO2.8Nav-NaO.SO8.ONa. It is generally supposed, 
in the case of the sulphates, that tjie central sulphur atom is sexivalent, although 
it can be argued in both cases that the central sulphur atom is quadrivalent : 
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The dibasicity of the acid agrees with A. F. Hollemann’s observations on the elec- 
trical conductivity of sodium thiosulphate. P. Walden compared the electrical 
conductivities of soln. of magnesium sulphate and thiosulphate, and found that the 
latter has slightly the greater conductivity in agreement with the assumption that 
the formula of the acid isHO.SO2.SH, because sulphur is more electronegative than 
oxygen, and therefore forms better conducting salts. K. Barth considered that 
the electrical conductivity of soln. of silver sodium thiosulphate, Ag2S203.2Na2S203 
ox Na4Ag2(S203)3, favoured the assumption that the complex is the sodium salt, 
Na3(NaAg2S603), of a trihasic acid, H3(NaAg2S609) . For the co-ordination formula, 
vide the polythionates. The conception of the acid H2S2O3 as thiosulphuric acid, 
OH.SO2.SH, implies that it is a mixed anhydride of sulphuric acid and hydrogen 
sulphide, just as chlorosulphonic acid is a mixed anhydride of sulphuric and hydro- 
chloric acids. Its properties do not agree with this conception, for it decomposes, 
not into sulphuric acid and hydrogen sulphide, but into sulphurous acid and sulphur 
in aq. soln. J. Piccard and E. Thomas showed that at the temp, of liquid air, 
in carbon dioxide soln., sulphur trioxide and hydrogen sulphide combine to give 
wLat is presumed to be the true thiosulphuric acid. In this compound, the sulphur 
takes the place of negative, bivalent oxygen in sulphuric acid. Ordinary thio- 
sulphuric acid must be an electronic isomeride of the true thiosulphuric acid, the 
additional sulphur atom being neutral. In the true thiosulphuric acid, the central 
sulphur atom is sexivalent ; in the isomeride it is quadrivalent. The difference 
can be expressed only by the co-ordination formulae thus : 
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Some reactions of analytical interest. — In qualitative analysis the thiosulphates 
can be recognized by the precipitation of sulphur with the evolution of sulphur 
dioxide when their soln. are treated with acids — hydrochloric, acetic, etc. 0. Hackle® 
said that the reaction is not very sensitive, for the sulphur separation occurs in 
the cold only in 5 mins, with 100 c.c. of a soln. containing a miligram of thiosulphate 
per c.c. Sulphides in the presence of oxidizing agents may give similar reactions 
owing to their conversion into thiosulphates. These salts also give distinctive 
reactions as a result of their great reducing power, e.g, the violet coloration with 
ferric chloride which is not exhibited by sulphites ; and the decolorization of per- 
manganate or iodine soln. M. E. Pozzi-Bscot recommended the following test 
for thiosulphates : Add to one c.c. of the test soln. an equal vol. of a 10 per cent, 
soln. of ammonium molybdate, and run in gently some cone, sulphuric acid so as to 
form a layer on the bottom. If thiosulphates be present, a blue layer is formed 
at the junction of the two -soln. The reaction is due to the reducing action of 
thiosulphuric acid which is set free in dil. soln., but in more cone. soln. is split 
into sulphurous acid and hydrogen sulphide. 0-(X)005 grm. of sodium thiosulphate 
in one c.c. of soln. can he detected in this way. Silver salts give a white precipitate 
of silver thiosulphate which soon turns yellow, then brown, and black owing to the 
formation of silver sulphide ; the white precipitate is soluble in an excess of the 
thiosulphate, and also in nitric acid. 0. Hack! said that the reaction with silver 
nitrate will detect 1 mgrm. of S2O3'' in 100 c.c. of water. Barium salts give a white 
crystalline precipitate sparingly soluble in cold water, but soluble in nitric acid ; 
strontium salts give no precipitate, and in this respect can be distinguished from the 
sulphites. Calcium salts do not give a precipitate unless in cone. soln. Mercuric 
chloride produces a bluish-black opalescence with trace of thiosulphate, larger 
amounts give a white precipitate of calomel. The mercuric chloride soln. is usually 
mixed with ammonium chloride since the resulting double chloride 
is more sensitive than mercuric chloride alone. The soln. is also usually acidified 
with hydrochloric acid to prevent the precipitation of mercuric carbonate should 
the water contain traces of carbonates in soln. Unlike soln. of the sulphides, the 
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thiosulpliates give no precipitate with zinc or manganese salts. The formation 
of hydrogen sulphide with zinc and an acid is characteristic. Unlike the sulphites, 
the thiosulphates give no red colour with zinc sulphate and sodium nitroprusside ; 
but the thiosulphates give a violet colour with sodium nitroprusside alter being 
reduced with aluminium and potassium hydroxide. According to L. L. de Kordnck, 
thiosulphates behave like sulphites towards zinc or aluminium and hydrochloric 
acid, hut with aluminium in a soln. of alkali hydroxide, thiosulphates, not sulphites, 
give a soln. of alkali sulphide ; sodium amalgam also reduces thiosulphates to 
sulphides, but not so with the sulphites. H. von Pechmann and P. Manck showed 
that if a thiosulphate be heated with potassium cyanide, a sulphite and thio- 
cyanate are formed. The latter will give the characteristic reaction with ferric 
chloride. 

A mixture of thiosulphate, sulphate, sulphite, and sulphide can be treated by 
adding zinc chloride so as to precipitate zinc sulphide. This is filtered off, and 
barium chloride added to the soln. along with ammonium chloride and hydro- 
chloric acid ; the barium sulphate is removed by filtration, and iodine is added to 
convert the sulphite into sulphate and tetrathionate ; again, barium chloride is 
added, and the filtrate from the barium sulphate is treated with bromine to oxidize 
the tetrathionate to sulphate, which can be then precipitated in the usual 
way. 

Thiosulphates can be determined gravimetrically by oxidizing them to sulphates 
with bromine, and subsequently precipitating the sulphur as barium sulphate. 
The warming of the soln. with an excess of silver nitrate results in the precipitation 
of half the silver as sulphide which can be weighed as Ag2S or in some other form. 
Thiosulphates can be determined volmnetrically by titration with iodine : 
2Na2S203+l2=Na2S40e-f-2NaI or by S. Eliasberg’s process, for when neutral 
hydrogen dioxide is added to neutral sodium thiosulphate along with a definite 
volume of standard potassium hydroxide, the reaction Na2S203 4*411202 
4?iK0n->-Na2S044-K2S044-5H204-(w— 2)K0H occurs. The excess of potas- 
sium hydroxide can be determined in the usual manner. 

According to E. Pittarelli, thiosulphuric and sulphurous acids in an organic 
liquid may be distinguished by addition ol aurine, coralline, or rosolic acid strongly 
acidified with hydrochloric acid, the presence of sulphurous acid being indicated 
by instantaneous decolorization ; if this occurs, addition of aurine is continued 
until the liquid is saturated with it and becomes distinctly yellow. If this colour 
persists for hrs., only sulphite is present, but if the liquid undergoes decoloriza- 
tion, it contains thiosulphate. The sensitiveness of this reaction, which is not 
show3i in presence of hydrogen sulphide, is 1 ; 500,000. J. Reynolds gave for the 
sensitiveness of the nitroprusside tests 1 : 6000 ; the ferric chloride test, 1 : 30,000 ; 
the iodine and starch test, 1 : 160,000 ; the ferric chloride and ferrocyanide test, 
1 : 3(X),000 ; and the zinc and acid test, with lead-test paper, 1 : 300,000. Accord- 
ing to E. H. Riesenfeld and E. Griinthal, on adding copper sulphate to sodium thio- 
sulphate soln., in neutral soln, a yellow precipitate and in hydrochloric 'acid soln. 
a white precipitate of a sodium cuprous thiosulphate of varying composition is 
obtained. The precipitate decomposes on keeping to form copper sulphide. In 
the absence of sulphides this reaction affords an excellent qualitative test for the 
detection of thiosulphates, being about ten times as sensitive as the nsual hydro- 
chloric acid reaction. Polythionates do not give this reaction. 
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§ 28 . The Thiosulphates 

According to C. F. Eaminelsberg,! and E. Divers and M. Ogawa, when a soln. 
of calcium thiosulphate — obtained by boiling lime and sulphur together with water, 
and leaving the soln. until much of the pentasulphide has oxidized — is treaty 
with an excess of ammonium carbonate, filtered, and freely exposed to air for 
some time at 50^—60°, a cone. soln. of ammonium thiosulphate is obtained, free 
from sulphate, and other salts. C. F. Rammelsberg said that when evapora^d 
to dryness over sulphuric acid, rhombic plates of tritahydrated ammoniuin thio- 
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Siilpliatea (NH4)2S203.JH20, are formed; J. F. W. Her^cliels and W. C. Zeise 
also made tliis salt. Tliere is, however, some doubt about the existence of this 
hydrate, because, when a soln. of the salt is evaporated in a desiccator, A. Fock 
and K. Kliiss, A. E. Arppe, and E. Divers and M. Ogawa obtainedonly the anhydrous 
salt. A. Fock and K. Kliiss obtained the salt by treating a solii. of ammonhim 
polysulphide with sulphur dioxide, and evaporating the clear soln. over sulphuric 
acid. A. E. Arppe obtained it as a by-product in the preparation of 2>nitro- 
aniluie. W. Spring found that the anhydrous salt is sublimed from a heated 
mixture of ammonium sulphate and phosphorus pentasulphide. The product 
is contaminated with some ammonium polysulphide. Ammonium -thiosulphate 
is not formed when sulphur trioxide, hydrogen sulphide, and ammonia are mixed 
together, but it is formed if ammonia and sulphur trioxide axe united to form 
ammonium amidosulphonate, NH4S03(NH2), and this treated with hydrogen 
sulphide to form ammonium thiosulphate. For other modes of formation, mde 
BUfra^ the preparation of thiosulphuric acid. The tabular crystals were found 
by A. Fock and K. Kliiss not to be isomorphous with the potassium salt^ and to 
belong to the monoclinic system, having the axial ratios : 6 : c=l*5677 : 1 : 1*3575, 
and ^=85^ 26' ; G, Wyrouboff gave 1*5717 : 1 : 1*3500, and ^=85° 25'. The basal 
cleavage is perfect. C. F. Eammelsberg found that when the salt is heated, it 
furnishes water and. ammonia, and a sublimate of sulphur, much ammonium thio- 
sulphate, and some ammonium sulphite. W. Spring found that the dry salt can 
he sublimed with an intermediate dissociation. E. Divers and M. Ogawa found 
that the salt decomposes very slowly at 150°, the main products being a sublimate 
of anhydrous normal sulphite and a residue of unfused sulphur, as in the case of 
the trithionate. Very small quantities of hydrogen sulphide and ammonia also 
pass off in the current of nitrogen, and the sublimate contains a very Kttle of 
a salt which has some of the properties of trithionate, and does not give the cha- 
racteristic violet coloration with ferric chloride. The main reaction in the decom- 
position of the thiosulphate, is in full agreement with the relation of thiosulphates 
to sulphites. Very interesting is the production of a little ammonia and hydrogen 
sulphide, in connection with the relation of trithionate to thiosulphate as its thio- 
anhydride (Spring) : 2(NH4)2S203=2NH3+H2S+(KH4)2S306. When ammonium 
thiosulphate is rapidly and more strongly heattd, ammonia is lost, and sulphur 
sublimes ; then, as a matter of coiurse, and of no significance, thiosulphate and 
even trithionate are produced on adding water to the mixed sublimates. The action 
of sulphur dioxide was discussed by W. Feld, and F. Overdick — vide supra. Accord- 
ing to P. Pierron, when ammonium thiosulphate Ts electrolyzed in a compartment 
cell, with a platinum cathode and lead anode, below 15°, ammonium sulphide is 
the only product obtained at the cathode, whilst at the anode, sulphur with various 
proportions of sulphurous, sulphuric, trithionic, and tetrathionic acids is formed. 
The amounts of sulphur and sulphuric acid increase, whilst that of tetrathionic 
acid decreases as the current density rises from 10 to 40 amps, per sq. dcm. 
E. Divers and M. Ogawa found that ammonium thiosulphate is freely soluble in 
water ; H. Stamm found its solubility is small in aq. ammonia ; and A. Kaumann, 
and W. Eidmann, that it is sparingly soluble in acetone. The use of ammonium 
thiosulphate in analytical work has been discussed by A. Carnot, and A. L. Orlowsky. 
A. Ferranti made a soln. of hydraziiie thio^phate, (K2H4)2H2S203, by adding 
barium thiosulphate to a soln. of hydrazine sulphate until the filtered liquid gives 
no further precipitate wdth barium chloride. 

A. Fock and K. Kliiss prepared liihiiiiii thiosulphate, Li2S203.3H20, by double 
decomposition with soln. of lithium sulphate and barium thiosulphate ; and 
evaporating the clear liquid over sulphu^c acid. The colourless, deliquescent 
needles give off water and sulphur when heated, leaving a residue of lithium sulphate 
and sulphide. J. Meyer and H. Eggeling obtained the salt from. soln. of lithium 
carbonate and barium thiosulphate. The hygroscopic salt is soluble in absolute 
alcohol. 
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F. OhauHsier- prepared sodram thiosulphates Na2S9 03 — which, he called hydro- 
ndftire siilfure de sonde — from sulphurous acid and sodium sulphide, or from sodium 
sulphite and hydrogen sulphide. L. N. Yauquelin prepared what he called sulfites 
sulfures, by digesting soln. of sodium sulphate or sulphite with sulphur; and 
J. h\ W. lierschel — following J. L. Gay Lussac — called the salt hyposulphite of soda 
and obtained it by oxidizing a soln. of calcium hydrosulphide in air, and subsequent 
double decomposition with a sodium salt. The salt is produced by the action of 
sulphur on the alkali hydroxide or carbonate, or by the action of sulphur on the 
hydroxides or carbonates of the alkaline earths and subsequently transforming, 
say, calcium thiosulphate into the sodium salt by double decomposition with alkali 
sulphate, and crystalhzation. M. J, Eordos and A. Gelis showed that rather more 
thiosulphate is formed than corresponds with the reaction : 3Na2O+^tS-fH20 
--^-2Na2S/,_2+^^^2^2^3+H‘20. J. B. Senderens said that this reaction applies 
only to a limiting state when the soln. are sufficiently concentrated to allow 
the" formation of a high polysulphide ; with dii. soln., the poiysulphide forms 
thiosulphate and hydrogen sulphide. The reaction with alkali carbonate can 
be symbolized : 3Na2C03+8S=Na2S203+2Na2S3+3C02 ; and with milk of 
bine: (Ja(0H)o+S=CaS+H20+0 ; OaS+SO^CaSOs CaS03+S=:=CaS203 ; and 
(JaS-j-4S=CaS5. H. Pomeranz supposed that the reaction results in the formation 
of a suipboxylate : 4NaOH+2S— Na2S-|-Na2S02+2H20 ; or 3NaOH+2S 
=Na2»S+NaHS02+H20. C. Eablberg and M. W. lies said that the molten alkali 
hydroxide, if not in excess, reacts with sulphur to form poiysulphide and thif 
sulphate, but if not in excess, alkab sulphite and sulphate. E. Filhol and 
J. B. Senderens represented the thermal value of the reaction with solid alkali 
and solid sulphur by 14*4 Cals,, and in dil. soln., zero. The reaction was also studied 
hy H. Howard, E. A. Walchner, A. Lenz, H. Fleck, E. Pollacci, C. F. Capaun, 
T. Brugnatelli and P. Pelloggio, and E. Divers and T. Shimidzu. The thiosulphate 
is also produced by the action of sulphur on alkali or alkaline earth sul- 
phates, phosphates, or chromates. Thus, T, Salzer gave ^Na4P207+12S+3H20 
=2Na2S5+Na2S203+6Na3HP207+(yt — 6)Na4P207. The reactions were studied 
hy W. Selezneft*, J. B. Senderens, E. Filhol and J. B. Senderens, and A. Girard. 

Thiosulphates are produced by the action of hydrogen sulphide or alkah sul- 
phides on sulphur dioxide or sulphites. Thus, L. N. Vauquelin : 2Na2S-f 
==2Na2B203 f-S ; ^^3ad E. Drechsel, Na2S207-!-2NaSH==Na2S04+Na2S203+H2S ; 
the Chemische Fabrik Griesbeim-Elektron, 2NaHS03+2Nlx2S“l-2S02=3Na2S203 
j-HoO ; F. Raschig represented the reaction : 6NaHS03+2Na2S=2Na2S03 

|-3Na2S203+3H20. The reaction between hydrogen sulphide and sulphurous 
acid is discussed in connection with the former, and also in connection with 
the polythionates. F. Forster and co-workers showed that it can be represented 
}>y the balanced reaction : H2S--l-H2S03^H2S20o+H20, where the inter- 

mediate product is converted by an excess of sulphurous acid into sulphoxyiic 
acid, which becomes polymerized to thiosulphuric acid : H2S202+H2S03+fi2P 
-^3H2S02 and 21 l 2802 r^JL 2 SoO^^~\-li 20 , The production of thiosulphuric acid 
may, therefore, be expected to be the end-point of the changes if the reaction can 
be conducted under conditions such that the H'-ion concentration is insufficient 
to affect the stability of the thiosulphate anion. These conditions are realized 
experimentally when aq. soln. of sodium hydrosulphide and sodium hydrosulpMte 
in the mol. proportion 1 : 2 are mixed, whereby sodium thiosulphate is obtained 
readily and in a high degree of purity ; 2NaHS+4NaHSO3=3Na2S2O3-f3H20. 
Tffie preparation of sodium thiosulphate from sodium sulphide and sulphur dioxide 
(^ip^from sodium sulphite and hydrogen sulphide occurs very smoothly and almost 
without separation of sulphur when alkali hydroxide is added initially to the soln. 
m such amount as to lead ultimately to the presence of sodium hydrogen sulpHde 
and sodium hydrosulphite in the correct proportions. H. Bassett and R. G. Bunant 
added that the synthesis of the thiosulphate here involves the consecutive 
reactions H2S+H2S205^HO.S.O.S.OH-fS(OH)2; H2S+{H0)2Sv:^2S+2H20 ; and 
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S+HsSOs^HaSsOs. Alkali favours tke tkiosulpkate formation in the last 
reaction. Hence, in alkaline soln. both, thiosulphate and a mixture of sulphide 
and sulphite are equally stable. Only in the neighbourhood of the neutral point 
is a synthesis of thiosulphate by this method possible. Sulphide and sulphite do 
not react in alkaline soln. The reactions were also studied by E. F. ilnthon, 
H. V. Tartar and C. Z. Uraves, E. Mitscherlich, E. Divers and T. Shimidzu, and 
the Grasselli Chemical Co. L. A. Buchner also showed that hydrogen sulphide 
or an alkali sulphide may furnish a thiosulphate by reacting with boiling soln. 
of different alkali salts in air — e.g. borates, chlorates, acetates, tartrates, and 
phosphates ; and G. Chancel and E. Diacon, with tetrathionates : ISra2S+hra2S40Q 
=Sd- 2 hra 2 S 203 . 

Thiosulphates are also formed by the oxidation of soln. of sulphides or poly- 
sulphides. Thus, in the electrolysis of soln. of sodium sulphide or hydrosulphide, 

F. W. Durkee observed that the thiosulphate is formed as an intermediate product 
of the oxidation of sulphides to sulphates. During the electroylsis of a dil. soln. 
u! sodium sulphide (containing about 3*4 grms. of sodium in 400 c.c.) by a current 
of about 3 amps., hydrogen was evolved at the cathode, and the liquid became 
yellow, at first around the cathode and ultimately throughout ; light yellow 
sulphur then appeared on the anode, but scaled off again, and in greater part dis- 
solved ; fine white sulphur next separated near the surface of the liquid about the 
anode, but dissolved as it sank through the soln. until a certain stage of the 
electrolysis, when the yellow colour of the liquid disappeared and the white sulphur 
settled in the beaker ; subsequently more oxygen escaped than at any previous 
stage. The separation of white sulphur is characteristic of the oxidation of 
thiosulphate, whilst the separation of yellow sulphur is incidental to the presence 
of polysulphide. These facts indicate that the course of oxidation of sodium 
sulphide by electrolysis is similar to that of its oxidation by air ; the sulphide is 
first oxidized to hydroxide and thiosulphate, the latter passing to sulphate 
with separation of sulphur ; this sulphur dissolves in unaltered sulphide 
to form polysulphides, which are oxidized to thiosulphate with separation of 
sulphur. Thus during the electrolysis, sulphides disappear first, then the hydroxide, 
and finally the thiosulphate, the sulphate being virtually the end product. On 
electrolyzing sodium sulphide soln. with *an alternating current, the platinum 
electrodes (dissolved, whereas no such dissolution was noticed in the case of the 
direct current electrolysis. A. Scheurer-Kestner holds that the sodium sulphide 
is oxidized directly to sulphate without the intermediate formation of thiosulphate. 

G. Lunge and co-workers have studied the oxidation of sodium sulphide in air. 

There are two stages in the process. In dil. soln., the oxidation, even in 
boiling hquor, does not proceed beyond the thiosulphate : 2Na2S-f 2O2+H2O 
=Is[a2S203-f2lSra0H. As the liquor becomes concentrated, the thiosulphate is 
reduced to sulphide and sulphite, and no sulphate is formed : 3Na2S203+6NaOH 
=2Na2S+4Na2S03-f 3H2O. This 'is confirmed by the work of H. Schappi. If 
the alkali sulphide he fused, air may oxidize the sulphide to sulphite an(i finally 
to sulphate. If alkali nitrate be present, there is no oxidation below 138 *^ ; above 
138 °, oxidation sets in, Ha 2 S 4 ’ 3 NaH 03 === 3 NaN 024 -N%iS 03 ; E. W. Parnell said 
that no trace of ammonia is formed, even at 288 °, but 6 . Lunge and co-workers 
showed that when the temp, has risen above 170 °, ammonia is produced in large 
quantities. From 155 ° to 180 ° the oxidation of the sulphide is more energetic 
and sodium sulphate is formed by the oxidation of the sulphite : lsra2S03~l“N'aN03 
=NaN02-]-hra.7S04 ; and from 180 ° to 192 °, the reactions are : NaoSOa+F'aNOg 
=Ra2S04+NaN02 ; N'a2S+4HaN03=Na2S04+4NaN02 ; and NagS+ISraNOa 

-f2H20==N‘a2S04+NH3+]S'a0H. If iron be present, the oxidation sets in below 
138 °, and sulphate is formed as well as ammonia and nitrogen, and no appreciable 
quantity of thiosulphate is formed during the whole action between 138 ° and 
163 * 5 . The reaction was also studied by P. Pauli, and G. E. Davis. E. E. Naef 
found that the oxidation of powdered hydrated sodium sulphide proceeds at 
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ordinary temp, in tlie presence of finely divided active charcoal. H. Molitor dis- 
cussed the manufacture of sodium thiosulphate by oxidizing calcium sulphide in 
air, and then treating the product with sodium sulphate by the process devised 
by H. Buff. E. Hefti and W. Schilt obtained thiosulphates by oxidizing hydrogen 
sulphide with nitrites. H. C. Jones also showed that alkali polysulpMdes form 
thiosulphates by atm. oxidation : 2 Na 2 S 5 + 302 = 2 Na 2 S 203 H- 6 S. P. Kircheisen 
obtained a soln. of sodium hydrosulphide by treating a soln. of barium sulphide 
with sodium hydrosulphate or hydrocarbonate, or with equimolar proportions 
of the free acids and the normal salts, and allowed the soln. to oxidize. 

M. Schaffner, J. Townsend and J. Walker, E. Kopp, W. S. Losh, etc., prepared 
the thiosulphate from the calcium thiosulphate, obtained in the regeneration of soda 
from the black-ash process, hy double decomposition with sodium sulphate, and 
crystallizing out the sodium thiosulphate. The manufacture from the waste of the 
Leblanc soda process cannot continue because the exhaustion of the available waste is 
only a question of time now that process has been superseded hy electrolytic methods. 

P. de Clermont and J. Frommel, P. Kirchesen, V. Legrip, A. Colson, and 
E. Drechsel obtained the thiosulphate by boiling the aq. soln. : Na 2 S 5 + 3 H 20 
— Na2S203-l-3H2S ; H. Brunner, hy treatment with sodium nitrate ; W. Spring, 
hy oxid*ation with iodine : Na2S4-Na2S03-hl2=Na2S203+2NaI ; K. W. Jiiriseh, 
P. Pauli, and E. Carey and co-workers, R. Powell and W. Atkins, and E. Donath and 
P» Milliner, by oxidation with manganese dioxide : 2 Na 2 S-]- 8 Mn 02 +H 20 

=NaoS203-f-2Na0H-l-4Mn203 ; or with dichromates : 2Na2S5-t-4Na2Cr207+H20 
=5Na2S203-P2NaOH-f4Cr203. 

Thiosulphates are produced hy the union of sulphur with sulphites. Thus, 
hy boiling an aq. soln. of a sulphite with sulphur : Na2S03-t-S=Na2S203, H. Bassett 

and R. G. Durrant showed that the reaction is re- 
versible, hut the thiosulphate is very stable in 
alkaline soln., so that thiosulphate is readily formed 
by boiling alkaline sulphite soln. with sulphur. 
Nevertheless, even in the alkaline soln. there may 
be a perfectly definite although very small disso- 
ciation into sulphite and sulphur. If alkaline thio- 
sulphate soln. containing alkali sulphide are boiled 
T no r XI, ill absence of air, they become deep yellow owing to 

Conversion of Sulphite to formation of poly sulphide, the extra sulphur for 
Thiosulphate. which is obtained from the thiosulphate. A similar 

result is obtained by boiling an alkaline thiosulphate 
soln. with sodium formal dehydesulphoxylate. The yellow soln. obtained gives an 
immediate precipitate of lead sulphide with lead plumbite, showing that sulphide 
is formed on alkaline hydrolysis of sulphoxylate. The equilibrium between sulphide 
and thiosulphate may he written Na2S-l-Na2S203^Na2S2+Na2S03, although higher 
polysulphides might result as well. Such a reaction does not necessarily invplve any 
dissociation of thiosulphates into sulphite and sulphur. There can be little doubt 
that it is because of such equilibria that a trace of hydrogen sulphide greatly accele- 
rates the reaction between sodium sulphite and sulphur. Sometimes there is a long 
delay before sulphur begins to dissolve in boiling sodium sulphite soln., and in 
such cases the effect of passing a few bubbles of hydrogen sulphide into the soln. 
is very marked ; once the action has commenced it proceeds smoothly. The 
catalytic action of sulphide has been referred to hy H. E. Watson and M. Baja- 
gopalan, and L. Hargreaves and A. C. Dunningham. Alkali also catalyzes the 
reaction owiag to the production of sulphide hy hydrolysis of the sulphur. It 
must he supposed that sodium sulphide or hydrogen sulphide is more efficient 
in detaching atoms of sulphur from solid sulphur than is sodium sulphite. The 
manufacturing process based on this reaction has been described by L. Hargreaves 
and A. C. Dunningham. They represented the rate of the reaction with sulphur, 
sulphite,, and water eq. to 55*6 per cent. Na2S203, agitated at 80 °, by the curves, 
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Pig. 108. These curves show that a sat. soln. of sulphite is first formed, and that 
its conversion into thiosulphate proceeds rapidly. The presence of thiosulphate 
in the soln. decreases the solubility of the sulphite, so that as the cone, of the thio- 
sulphate increases that of the sulphite decreases ; and with the decrease in the 
cone, of sulphite there is a corresponding decrease in the rate of formation of the 
thiosulphate. The reaction was also studied by H. E. Watson and M. Rajagopalan, 
who said that the velocity of the reaction between sodium sulphite and sulphur 
depends almost entirely on the rate of dissolution of the sulphur, and is not governed 
by the cone, of the sulphite soln. Dilution, however, caused a slight increase in 
the percentage conversion. Sodium sulphide exerts a catalytic influence ; and 
freshly prepared sulphur dissolves more quickly than aged sulphur. E. Riisberg 
treated soln. of sulphide with a gas containing sulphur dioxide. E. Sidler heated 
a dry mixture of sulphur with a sulphite or with a hydrosulphite and hydrocarbonate 
at 120°-130‘^ ; V. Faget showed that if the normal sulphite be replaced by a hydro- 
sulphite, a sulphate and only traces of thiosulphate are formed. 

The Verein chemischer Fabriken prepared it by the action of sulphur dioxide on a 
mixture of alkali hydrocarbonate and sulphur. Gr. Halphen produced thiosulphate 
by electrolyzing an alkali sulphite ; M. G. Levi and M. Voghera worked at 25° 
with a cone. soln. of sodium sulphide in the cathode compartment, and a feebly 
alkaline but cone. soln. of sodium sulphite in the anode compartment ; H. von 
Pechmann and P. Manck, by boiling a sulphite with formic acid ; E. Mitcherlich, 
P. Schtitzenberger, and H. A. Bernthsen, by dissolving zinc, iron, etc., in sulphurous 
acid ; and B. Eathke, by the action of selenium on alkali sulphites. Thiosulphates 
are also formed by the decomposition of an aq. soln. of amidosulphites, hypo- 
sulphites, trithionates, tetrathionates, and pentathionates — q.v. M. J. Eordos 
and A. Gelis, and 0. Rufi and B. Geisel also observed that thiosulphates are pro- 
duced by the hydrolysis of nitrogen tetrasxdphide : 2H4S4+I5H2O— (NH4)2S203 
+2(NH4)2S306+2NH3, or, in the presence of alkali : 6]Sra0H--t-N4S4+3H20 

=!N‘a2S203-|-2hra2S03+4HN3. The subject was reviewed by R. Hazard. 

Sodium thiosiphate as it crystallizes from aq. soln., at ordinary temp,, is in 
the form of the jpentahydrate, Na2S203.5H20. According to P, Jochum,^ if the 
supersaturated soln. be treated with alcohol, an oily liquid is obtained which, when 
treated with 98 per cent, alcohol, furnishes the trihydrate, Na2S203.SH20 ; and, 
according to W. W. J. Nicol, supersaturated soln. of thiosulphate deposit the 
dihydrate, hra2S203.2H20 ; he also gave less definite evidence of a possible 
hemitrihydrate, hra2S203.l|-H20. L. K. Riggs obtained anhydrous thiosulphates 
by heating the hydrated salt in an atm. of water- vapour to a temp, high enough 
to drive ofl the water of crystallization, and holding the product at that temp, 
until it is removed from the water- vapour so as to prevent recombination. 

From F. Guthrie’s observations on the eutectic mixtures, and S. W. Young and 
co-workers’ on the transition points, W. W. Taylor’s on the solubility, S, per cent, 
^^28203, the stable solid phases, and the solubilities appear to he : 

•“3*9® —11® 0" 10® 20® 40* 50® 60* 80*5® 100* 

S . 15-04 3003 34*43 37*90 41*17 50-65 62*92 67-39 71-33 72-68 

N / V V ' ' ' ' y ' 

Solid phases Ice KaaSaOa.SHaO NaaSaOa.SHaO XajSgOa 

The results for the stable hydrates are illustrated by Fig. 109. The liquid is very 
prone to form metastable and supersaturated soln. The dotted lines represent 
metastable hydrates which are illustrated in more detail in Figs. 102 to 
104. The transition temp, for Na2S203.5H20^Na2S203.2H20~l-3H20, given by 
T. W. Richards and J. B. Churchill, is 47-9^ ; S. W. Young and W. E. Burke, 48-2" ; 
and by A. von Trentinaglia, 48'09°. H. M, Dawson and C. G. Jackson found that 
the transition temp, was lowered 0-554° if 0*4425 grm. of urea be associated with 
65*4 grms. of thiosulphate ; 0*857° with 0*6940 grm. of urea per 65*6 grms, of thiosul- 
phate and 1*095° with 1*2605 grms. urea per 90*06 grms. of thiosulphate. The 
transition point for the passage of the dihydrate to the anhydrous salt given by 
S. W. Young and W. E. Burke is 68*5°. Observations on the solubility were also 
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made by E. Rndorfi, G. J. Mulder, P. Kremers, L. Wohler and J. Dierksen, and 
H. Schifi* The a-pentahydxate is the ordinary commercial salt. S. W. Young 
and W. E. Burke said that the pentahydrate is stable at all temp, below 48*2°. 

If any of the other forms of thiosulphate, contained in 
tubes, are cooled to about — 35° and then allowed to 
warm up, the a-pentahydrate grows through the mass of 
crystals and soln. contained in the tubes. The crystals 
start to grow at the lower temj'y. but grow very slowly; 
the rate of growth increases rapidly with the temp., 
and soon becomes very great. F. Parmentier and 
L. Amat reported a labile or unstable modification of 
the pentahydrate which furnishes long fine needles. On 
standing, the opaque mass of fine crystals gradually be- 
comes clearer, in some cases perfectly transparent, to the 
eye, resembling a very clear jeUy. Its other properties 
remain unchanged. If partially melted and allowed to 
solidify, it comes down in fine needles, as at first. It 
is called the ^-pentahydrate. It was obtained by 
S. W. Young and J. P. Mitchell by heating the ordinary 
or a-form at 80°-100° fox a few minutes in a sealed glass 
tube, and cooling to —10° or — 20°, when the product solidifies in long needles. 
The y-peniahydrate of S. W. Young and J. P. Mitchell was shown by S. W. Young 
and W. E. Burke to be really a hexahydrate, and it was made as in the case of 
the ^-pentahydrate, hut with a Httle water in the tube. The tetrahydrate is 
produced when the jS-pentahydrate is heated above 30°. The crystals closely 
resemble those of the j8-pentahydrate. The a-diihydrate is the ordinary form 
of the diliydrate which was obtained by W. W. Taylor, etc., by heating the 
pentahydrate above its transition temp., and allowing it to cool, at, say, 
50° to 55°7 nntil crystallization starts. It forms coarse needles resembling the 
a-pentahydrate. The ^-diliydrate is obtained by keeping the tritatetrahydrate 
at a temp, slightly above 0° when it forms thin, radiating plates. The hemitrihy- 
drate or sesquihydrate is formed by keeping the hexahydrate at about 14*2° for some 
time, when the containing tubes furnish very fine, needle-like crystals resembling 
those of the tritatetrahydrate, and they grow more rapidly. The tritatetrahydrate 
was obtained by keeping the hexahydrate at about 15° in a superfused state. The 
crystals appear as fine needles, and if the soln. is at all cone, it becomes filled with 
them, and appears to be almost completely solidified, when in reality the crystals 
form but a small proportion of the total mass. The a-monohydrate is formed when 
the a-pentahydrate is melted and kept in a surfused state at ordinary temp, for a 
day or two ; and it forms in soln. of the anhydride at temp, below 50° ; and in soln. 
of the tetrahydrate at temp, above 40°. It grows very slowly in cone, soln., forming 
either long, coarse needles, or small rectan^ar prisms according to the conditions 
under which the crystallization occurs. lie jS-monohydrate is obtained from the 
hemitrihydrate by transition below 50°. The crystals resemble those of the 
a-monohydrate. The y»mcmoiiydrate is produced when ^-dihydrate is heated above 
35° ; the crystals resemble those of the other monohydrates. The lieimhydbrate 
is formed by heating they-monohydrate at temp, above 50° ; the crystals resemble 
those of the monohydrate. The anhydrous salt is formed in rectangular prisms 
when any of the other hydrates are heated at temp, above 70°. 

M. Picon studied the heating curves of sodium thiosulphate and water obtained 
by spontaneous crystallization in nuclei-free, closed vessels, and said that a 
demhfdfiite, Na2S2Og.l0H2O, and a dodecahydrate^ hra2S203 I2H2O, exist, but the 
former can alone be isolated at a low temp., the latter decomposes. He concluded 
that hydrates do not exist in soln. ; and that the tertiary, quaternary, and 
quinquinaiy hydrates of S. W. Young and W. E. Burke do not exist. AH the 
hydrate are either primary or secondary. 



Fig. 109. — The Solubility 
of the Stable Hydrates 
of Sodium Thiosulphate- 
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Tims, according to S. W. Young and W. E. Burke, there are thirteen crystalline 
iiiodificatioBS of sodium thiosulphate ; twelve of these are hydrated, namely, one 
hexahydrate, two pentahydrates, one tetrahydrate, two dihydrates, one hemitri- 
or sesquihydrate, one tritatetra- 
hydrate, three monohydrates, and 
one hemihydrate. They separate 
these hydrates into five groups — 
primary, secondary, tertiary; qua- 
ternary, and quintary — on the 
basis of their conduct in under- 
going transition with rising temp., 
and these transitions are not 
always in accord with rule of 
successive reactions — ^2. 19, 14. 

The primar}^, ordinary, or a-penta- 
Jiydrate of group I, Fig. 110, under- 
goes transition at 48*17° into primary or a-dihydrate, but may be superheated 
past this transition temp, to the m.p. Sooner or later, the a-dihydrate appears 
in fusions kept near the m.p. ; but the reverse transition occurs only with 
difficulty. With rising temp., the a-dihydrate passes into the anhydride at 66*5°. 
E::^ressing the solubilities in grams of hra 2 S 203 per 100 grms. of water, the 
primary a-pentahydrate furnishes, Fig. 110, and" 
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In group II, Fig. Ill, the ^-pentahydrate superheats only slightly, passing into 
the tetrahydrate at 30*22° with great facility ; similarly the reverse change takes 
place very readily without undercooling. The change from the tetrahydrate to the 
a-monohydrate at 40*65° takes place with difldculty and superheating ; and similarly, 
the a-monohydrate readily undercools. If undercooled at ordinary temp., the 
a-monohydrate passes directly into the j8-pentahydrate ; and at a higher temp., 
56*5°, the anhydride is formed. With the same units as before, the solubility of 
the secondary or l9-pehtahydrate is : 

0® 5* 10'* 15* 20* 25* 30* 

jS-SHsO . 41*96 43*56 46*25 47-27 49*38 62*15 56*57 

that of the tetrahydrate is 58*59 at 33*5°, 60*51 at 36*2°, and 62*80 at 38-6° ; and 
that of the a-monohydrate is : 

0* 10* 20* 30* 40* 50* 55* 

a-H^O . 60*47 61-04 62-11 63-56 65-22 66*82 67-90 

In group III, Fig. 312, the hexahydrate was regarded as a y-pentahydraie by 



Figs. 112, 113, and 114. — Solubilities of the Hydrates of Sodium Thiosulphate. 

S. W. Young and J, P, Mitchell, and they said that it acts as a tertiary hydrate, and 



Parts A/a^SzOj per WP parts of soJution 

Figs. 110 and 111. — Solubilities of the Hydrates 
of Sodium Thiosulphate. 
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may be superheated even to fusion without the appearance of the hemitrihydrate. 
The converse undercooling is also marked. The hexahydrate passes into the 
hemitrihydrate at 14*3® ; and the hemitrihydrate into the ^-monohydrate at 
48*50° — ^there being here no marked undercooling or superheating. At 61°, the 
^-monohydrate passes into the anhydride. Expressing solubilities as before, the 
value for the hexahydrate is 46*14 at 0°, 48*44 at 5°, 51*66 at 10®, and 54*96 at 
13® ; for the hemitrihydrate : 

O'" S'* 10® 20® 30'* 40® 45® 47 5® 

IJHaO . 57-42 57-84 58-28 59-28 60-78 62-60 63-97 64-68 

and for the ^-monohydrate, 64*78 at 47*5°, 65*30 at 50®, 65*89 at 52*5°, 66-45 at 55°, 
and 68*07 at 60®. The hydrates in group IV, Fig. 113, behave like those in 
group III ; the hexahydrate — ^the same as the hexahydrate in group III — super- 
heats up to its m.p., and if the fused mass is held for some time a degree or two of 
temp, above the m.p., the tntatetrahydrate appears with the transition temp. 14*35° ; 
the tritatetrahydrate passes into the anhydride at 58®. Expressing solubilities as 
before : 

0® 5® 10® 20® 30'" 40® 50® 55® 

IJHaO . 57-63 58-08 58-49 59-57 61-03 62-95 65-45 67-07 

In group V, Fig. 114, the^-dihydrate may superheat past the mono- but also past the 
hemihydrate, and when the transition then occurs, the monohydrate is first formed. 
The y-monohydrate supercools but slightly with respect to the dihydrate. The 
y-monohydrate readily superheats some 10® above the transition temp, into the 
hemihydrate ; the hemihydrate readily supercools with respect to the y-monohydrate, 
and also with respect to the superheated j8-dihydrate. The transition point for the 
^-dihydrate into the y-monohydrate is 27*5® ; for the y-monohydrate into the 
hemihydrate, 43® ; and for the hemihydrate into the anhydride, 70®. Expressing 
solubiUties as before, for the j8-dihydrate : 
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The anhydrous sodium thiosulphate furnishes prismatic crystals. The 
a-pentahydrate, or the ordinary form of sodium thiosulphate, was found by 
F. de la Pxovostaye to furnish monoclinic prisms with the axial ratios 
a :bz c— 0*3508 : 1 : 0*2745, and j8=103® 58'. The crystals were also examined by 
H. de Senarmont, and C. F. Rammelsberg. The optic axial angle is nearly 100° ; 
and H. Dufet gave 2Fa=83® 15' ; 2F=80® 16' for Na-light, and 2£'=154° 7' ; 
while A. des Cloizeaux gave 2£'==154® 1' for red-light ; 154° 14' for yellow-light ; 
and 155® 57' for blue-light. A. Fock and K. Kluss obtained similar crystals &om^ 
alcoholic soln. F. Parmentier and L. Amat said that the crystals of the j8-penta- 
hydrate are probably monoclinic. The crystalline forms of the other hydrates of this 
salt have not been determined ; many of these cannot be handled except in sealed 
tubes, Gr, T. Gerlach gave 1*667 for the specific gravity of the anhydrous salt at 
14®/4° ; and for the a-pentahydrate, H. J. Buignet gave 1*672 ; H. Schifi, 1*734 ; 
W- C. Smith, 1-723 ; J: Dewar, 1*729 at 17®, and 1-7635 at the temp, of liquid air, 
— 188*7® ; and H. Kopp, 1*736 at 10® on a sample which had been melted and 
crystallized many times, and he reported that on melting, the pentahydrate expands 
5-1 per cent, in voL H. SchifE found the sp.gr., D, of soln. with jp per cent, of the 
pentahydrate, at 19®, to be : 

p , 5 10 15 20 25 30 35 40 45 50 

D . 1-026 1*053 1-081 M09 1-136 1-168 1-199 X-230 1-262 1-295 
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Other observations on the sp. gr. of these soln. were made by P. Kremers, 
W. W. J. Nicol, and H. Baumhauer. F. Flottmann observed that the sp. gr. of 
a one per cent. soln. at 15°, 20°, and 25° are respectively 1-0075, 1*0065, and 1*0052. 

B. 0. Masson studied the solution volume and the solvation of the molecule. 
H. Schifi and U. Monsacchi observed that when the salt is dissolved in water, 
increasing contraction occurs until 40 per cent, of the salt is present ; the contraction 
then decreases until 78 per cent, is present when the contraction is zero ; there- 
after, an expansion occurs. L. de Boisbaudran observed the following percentage 
change of vol. — referred to the vol. of the solid salt — when p grms. of salt are present 
per 100 grms. of soln. : 

p ... 1*5 7 12 35 60 85 100 

Change in vol. — 17*97 — 15*09 — 13*35 — 7*68 — 2*74 H-2-00 -{-4*54 per cent. 

The subject was studied by J. N. Rakshit, W. W. J. Nicol found that for the 
viscosity, if the time of flow of water at 20° he 100, that of a 79 per cent. soln. of 
the thiosulphate at 20° is 834-4 ; at 25°, 685*2 ; at 30°, 574-5 ; at 35°, 487-1 ; and 
at 40°, 420*7. I. K. Tainini also measured the viscosity of these soln. when super- 
heated. J. Bewar gave 0*0000969 for the coeff. of thermal expansion over the 
range 17° to the temp, of liquid air, —188*7°, Summarizing the transition tempera- 
tures by S. W. Young and W. E. Burke, a-pentahydrate^a-dihydrate, 48*17° ; 
a-dihydrate^=^anhydride, 68*5 ; ^-pentahydrate^tetrahydrate, 30*22° ; j8-penta- 
hydrate^a-dihydrate, 30*46° ; tetrahydrate^a-dihydrate, 31*50° ; tetrahydrate 
^a-monohydrate, 40*65° ; a-monohydrate^anhydride, 56*5° ; hexahydrate 
^hemitrihydrate, 14-25° ; hexahydrate^=^tritatetrahydrate, 14-3° ; hemitrihy- 
drate^^-monohydrate, 48-5° ; ^-monohydrate ^anhydride, 61° ; tritatetrahy- 
drate ^anhydride, 58° ; ^-dihydrate^y-monohydrate, 27*5° ; y-monohydrate 
^=ihemihydrate, 43° ; and hemihydrate^anhydride, 70°. H. Kopp gave 45° for 
the melting point of the a-pentahydrate ; T. W. Richards and J. B. Churchill, and 
W. W. Taylor, 47-9° ; P. Kremers, and H. Debray, 48° ; A von Trentinaglia, 48*1° ; 
W. A. Tilden, 48*5° ; and G. J. Mulder, 50°. S. W. Young and W. E. Burke gave 
48-45° for the m.p. of the a-pentahydrate ; E. Parmentier and L. Amat, 32° for 
j8-pentahydratc ; S. W. Young and W. E. Burke, 41*65° for the tetrahydrate ; 
and 14*35° for that of the hexahydrate. E. N. Gapon studied some relationships 
of the m.p. A. Boutaric measured the lowering of the f.p. of the pentahydrate by 
an addition of urea, glucose, cane-sugar, sodium chloride, chlorate, nitrate, or 
sulphate. The fused pentahydrate readily passes into the stirfused state when 
cooled, and this salt has been used in numerous investigations on the phenomenon 
in general — e.g. by A. Bliimcke, S, W. Young and co-workers, eto.—^e 1. 9, 6. 
G. Pape found that the undamaged crystals efEoresce at 33° ; and E. A. Letts showed 
that when kept for two months in vacuo over sulphuric acid, the salt loses almost 
all its water of crystallization, and the remainder at 1CX)°. The salt was found by 

C. Pape to become anhydrous at 215°, and to decompose at 220°-225° with the 
formation of sulphur ; M. Berthelot gave 200° ; and E. A. Letts, 233°, provided the 
salt be rapidly heated — ^if slowly heated, the hydrated salt can decompose at 100°. 
A. Jaques also observed that if the hydrated salt be quicMy heated in a test-tube, 
it is decomposed pear the hot wall of the tube while water is still being evolved, and 
much hydrogen feulphide is formed — ^presumably from the water. Hence, he added 
that the nascent sulphur, together with the reducing action of sodium sulphite 
formed in the decomposition, is sufficient to break up the water : ]Sra 2 S 03 --1-8-1-320 
—HaS-j-NagSO^, Sulphur, sodium sulphite, and sodium sulphate are present in 
the residue. It is noteworthy that no sulphur dioxide is given off ; so that the 
presence of the sodium sulphite appears to be necessary for the action to go on, as 
otherwise the oxygen out of the water would probably unite with the free sulphur 
which is present in the residue, forming sulphur dioxide. According to M. Picon, 
the hydrated salt loses water only on a prolonged heating in vacuo at 300°. 
L. N. Vauquelin, and C. E, Rammelsberg found that if the anhydrous salt be strongly 
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heated, sulpliur is formed, and the mass blackens ; and, on cooling, there remains 
a mixture of sodinni pentasnlphide and sulphate. M. Picon added that the main 
decomposition (which proceeds very slowly at 120*^ and is 
complete in six hours at 380°-385°) is into sodium sulphite 
and free sulphur, small quantities of sulphate and polysulphide 
also being formed. Above 400°, the proportion of sulphate 
and polysulphide increases until rapid heating at 600° causes 
almost complete decomposition in accordance with the equa- 
tion 4]Sra2S203=31Sra2S04+^a2S5. On account of this re- 
action, sodium thiosulphate was recommended by J. Landauer 
as a blowpipe reagent. H. Oebray found that the vapour 
pressure of the pentahydrate remains unchanged while it is 
melting ; and H. Lescoeur found the dissoeiation pressure of 
the pentahydrate is 4 mm. at 20°, and 8*1 mm. at 40°. The 

vap. press, of a sat. soln. of the salt at 20° is 12 mm., and at 

40°, 33*2 mm. A. Speransky represented the vap. press, of the pentahydrate by 
^=h{{0~-75‘454)0~^}5O, where log ^==7*3934. A. G. Bergman's measurements of 
the vap. press, of the hydrated salt are summarized in Fig. 115. H. Predvoditelefi 
studied the rate of dehydration of the salt. G. Tammann observed the lowering 

of the vapour pressure of water was 16*0, 64*2,- 191*1, and 361*0 mm. by the 

addition of 8*91, 32*86, 83*93, and 181*48 grms. of salt respectively per 100 grms. 
of water at 100°. The boiling points of aq. soln. with g grms. of Na2S903 per 
100 grms. of water, were found by G. T. Gerlach to be : 
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F. M. Haoult gave 39*9 for the mol. lowering of the freezing point in water, and 
T. W. Richards and H. B. Faber for 3*198, 6*396, and 8*470 grms. of salt per 100 grms. 
of water respectively obtained a lowering of 0*855°, 1*594°, and 1*980° respectively. 
F. J. Faktor obtained mol. wt. 59*92-60*5 from the depression of the f.p. of soln. ; 
and from the raising of the boiling point, 77*9 to 79*2. Hence, at low temp., the 
salt forms the ions 2hra', and S2O3", but at higher temp, it forms the ions Ha* and 
HaS203'. L. Bruner found the specific heat of the surfused salt to be : 


83 '’- 16 ® 65 ‘*- 16 '’ 55 '’- 16 “ 47 °- 17 “ 36 “- 17 “ 

Sp. ht. . 0-584 0*687 0*590 0*699 0*602 (0*595) 0-563 

There are thus indications of a maximum at about 48° ; the bracketed number is 
probably misprinted as 0*395 in the original. A. von Trentinaglia gave 0*447 for the 
sp. ht. of the solid pentahydrate between 11° and 44° ; and 0*569 for the molten 
salt between 13° and 98°. The heat of fusion is 37*6 Cals, at 9*86°. M. Berthelot* 
gave for the heat of formation of the salt from its elements 262*600 Cals. ; and 
in soln., 264*0 Gals. J. Thomsen gave (Na2, 82,63, 5H20)=193*99 Cals. ; and 

E. Filhol and J. B. Senderens gave (S203,2Ha) ==25*10 Cals.; (Ha203oiB.jS202) 
=27*0 Cals. ; F. Riidorfi found that when 110 parts of salt are mixed with 100 parts 
of water at 10*7°, the temp, is lowered 18*7° to — 8°. M, Berthelot gave —10*82 
CJals. for the heat of solution, and J. Thomsen, — 11*73. M. Berthelot found —5*8 
Cals, for the heat of soln. of the a-pentahydrate, and J. Thomsen, — 5*7 Cals. ; and 

F. Parmentier and L. Amat gave —4*4 Cals, for the )3-pentahydrate. The indices 
of refraction found by H, Dufet were for Li-light, a=l*4849, ^=1*5038, and 
y=l-5311 ; for Ha-light, a=:l‘4886, j8=l*5079, and y=l*5360 ; and for Tl-light, 
a=l*4919, ^=1*5117 ; and y=l’5405. B. C. Damien also measured the index 
of refraction of this salt. F. Flottmann found the indices of refraction of one per 
cent. soln. at 15°, 20°, and 25° are respectively 1*33551, 1*33513, and 1*33458 for 
the D-line. The douMe refraction is positive. J. E. Almy observed no double 
refraction when a soha, of sodium thiosidphate is strained by a rotating cylinder. 
H. Dufet measured the dispersion for light of difierent wave-lengths ; while H. de 
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Seiiarinoiit studied wliat lie called the dispersloti cvoisec of the crystals, 
V. J. Sihvonen found maxima in the reflection iiitra-red spectrEia of sodium thio- 
sulphate at 9-1 jlcj 10*2 u, IS-l/i, 18*5/x, and IQ-T/z. O. Stelling studied the absorption 
spectrum of X-rays. K. Eobl observed no fluorescence with the salt in ultra- 
violet light. P. Bary found that the curves representing the variation of the 
refractive index with the cone, of the soln. is not continuous, but is made up of 
several right lines with different inclinations to the axis of the ordinates. Each 
break indicates a sudden change in the mol. conditions of the medium, and most 
probably corresponds to the formation of a new hydrate in the soln. The breaks 
occur with soln. of the molar composition : ISra2S2O3.4:0H2O, when the refractive 
index is 1*3658, and N’a2S2O3.20H2O. 1*3097. C. Cheneveau also measured the 
indices of refraction of soln. of this salt. J. A. Fleming and J. Dewax found that 
water with sodium thiosulphate in soln. has at —185° a dielectric constant of 30 to TO 
— with water alone it is 2*5. F. W. Kuster and A. Thiel measured the electrical 
conductivity of the molten pentahydrate ; the conductivity decreases as the 
proportion of water decreases ; and the variations of the resistance, E ohms, with 
the hydration expressed in terms of n mols of H2O per mol of Na2S203 in the fused 
salt, are : 

n . . 6*65 6*25 5*79 5*41 4*93 4*69 

i ? . 1074-8 1133-7 1204-9 1320-2 1493*6 1575-1 

A. F. Hollemann found the mol. conductivity, A, of sodium thiosulphate to be for 
an eq. of the salt in v litres, at 25° : 

V .. 32 64 128 256 512 1024 

A . . 101-1 107-6 113-0 117-4 120*0 120-2 


at infinite dilution, A^ =128, and the velocity of the JS203-ion is 78*8. C. Watkins 
and H. C. Jones found for the molar conductivity, mho, and percentage degree of 
ionization, a, for a mol of the salt in v litres : 
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F. J. Faktor inferred from the electrical conductivity of aq. soln. that ionization 
takes place in the stages Xa2S203^Na'-f']SIaS203' ; and ]Sra2S203^2Na*-fS203'''. 
When the soln. of sodium thiosulphate is electrolyzed, it forms sulphur, hydrogen 
sulphide, tetrathionic acid, sulphur dioxide, and sulphuric acid. F. W. Durkee 
found that the thiosulphate is an intermediate stage in the electro-oxidation of 
hydrosulphide solu. to sulphates : while A. Scheurer-Kestner believed that the 
oxidation proceeds directly to sulphate — wde supra. L. X. Vauquelin reported that 
the salt is inodorous ; and has at first a cooling taste which afterwards appears 
bitter, slightly alkaline, and sulphurous. F. de la Provostaye, H. de Senarmont, 
and L. N, Vauquelin said that the salt is deliquescent in moist air. F. Chaussier 
found that the salt is permanent in dry air, but when heated in air, it burns with 
a blue flame. J. ObermiHer meastuced the hygroscopicity of sodium thiosulphate. 
The solubility in water has already been discussed — ^Figs. 110 to Hi. C. F. Capaun 
showed that when heated with water, in closed vessels, it deposits sulphur until 
nothing is left in soln. but sodium sulphite ; and if exposed to air, it deposits sulphur, 
and forms sodium sulphate. 

According to E. V. Espenhahn, the reaction between a thiosulphate and sulphur 
dioxide is expressed by the equation : 2(NH4)2S203-f 3SO2— 
■+(NH^)2S40e. Under certain conditions, other reactions occur according to the 
equations (i) 2(NH4)2S203+JS02+S=2(NH4)2S406, and (ii) 

=(XH4)2S30e+(NH4)2S50e ; these, however, do not influence the main reaction. 
L. Hargreaves and A. 0. Dunningham’s relations between the mutual solubilities of 
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sodium sulpliite and thiosulpliite, at 80°, ar<i sliown in Fig. 116. H. P. Cady and 
R. Taft observed that sodium tliiosulj)hiit(! is ajjpri'ciably soluhlo iiiliq[iiid sulpliiir 



Fia. 116. — ^The Ternary System : 
Na.SA-Na.SOs-H^O, at 80°. 


Fig. 117. — ^Mutual Solu- 
bilities of Sodium Sul- 
phate and Thiosul- 
phate, 


Fig. 118. — Mutual Solu- 
bility of Sodium Sul- 
phite and Thiosul- 
phate. 


dioxide. L. WoHer and J. Dierksen studied the solubility of binary and ternary 
mixtures of ]Sra2S203->-]Sra2S04-]Sra2S03. The efect of sodium thiosulphate on 


solubilities 

of sodium sulphate and sulphite are : 
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The corresponding curves, Tigs. 117 and 118, show that the solubility of sodium 
thiosulphate increases rapidly with temp, and is depressed a little by the sulphate 
but less so by the sulphite. The mutual solubilities of the three salts are as follows 
when the solubilities of the individual salts are indicated in brackets : 


NaaSO^ . 
FTaaSOa . 


23® 

33*80(42-4) 

6-62(19^4) 

5'35(22-0) 


40® 

49*30(50*7) 

l-75(32*6) 

0*63(22*0) 


60® 

63*10(65-5) 

1-59(31-25) 

0-14(22-0) 


80® 

69*09(71-6) 
1-35(30*3) • 
0*18{22*0) 


The results are plotted in Fig. 119 at 23°. R. R. Garran examined the ternary 
system Na2S203-4Na2S04-H20 at 0-8, 18°, 25°, and 40°. The results at 18° 

and 25° are illustrated in Figs. 120 and 121. 
The curve ah denotes soln. in equilibrium with 
solids along the line a'V which is so short that it 
gives only slight evidence of the formation of 
mixed crystals Na2S203.5H20 and probably 
Na2S04.5H20. The curve 5c, Fig. 120, denotes 
soln. in equilibrium with solids along 5'V, and 
there is here definite evidence of the formation of 
mixed crystals of the two decahydrates. The 
two-phase dry solids along the line from 5' to h” 
are in equilibrium with the soln. at the triple 
points. The three curves ad, de, and ef. Fig. 121, 
represent three phases ; ad denotes soln. in equi- 
librium with mixed oryutals along a'd * — mainly 
Na2S203.5H20 ; de denotes those in equilibrium with the mixed crystals d'V' 
— ^mainly anhydrous Ka2S04; and e/, those in equiHbriura with e/ — ^mainly 
lTa2S04.10H20. F. Chaussier observed that the aq. soln. has not an alkaline 
reaction — vide mpra, thipsulphuric acid. C. F. Capaun, L. Bruner, and 
F. Paxmentier measured the solubility of, the pentahydrate in alcoliol J 
E. Bodtker obtained for 100 parts of absolute alcohol, 2*5 mgrrns. of the anhydrous 
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salt, and 34 mgrms. of the pentaliydrate — all at room temp. — 100 grms. of alcoLoI 
of sp. gr. 0*941 dissolves 33*3 grms. of tiie salt at 15*5°. L, Bruner found tliat tlie 
solubility of the surf used thiosulpbate in alcoiol is greater than that of tbe ordinary 
solid ; and F, Parmentier found that with absolute alcohol, the pentahydrate can- 
not be completely fused in sealed tubes, even at 100° ; with alcohol of 80° (hydro- 
meter), it melts at 41° and not at 47*9° ; and with alcohol of 63°, at 33°. The salt, 
superfused in presence of alcohol of 80°, solidifies in the allotropic modification when 
cooled with a mixture of ice and salt, but the product melts at ’28° instead of 32°, 
They found that, although the solubility of the pentahydrate is constant with the 
quantity of solvent (alcohol and water), the solubility of the superfused pentahydrate 
increases with the vol. of the solvent. The cone, of the alcohol above the superfused 




Fig. 120. — Eqiiilibrium in the Ternary Fig. 121. — ^Equilibrium in the Ternary 
System : NaaSgOa-NagSO^-HgO. System : lsra 2 S 20 a--ISra 2 S 04 -H 20 . 

salt also varies, and a complex condition of equilibrium is set up between the alcohol, 
the water, and the anhydrous salt. J. L. Casaseca found the pentahydrate to be 
insoluble in ethyl acetate ; and T. A. Edison, soluble in torpentiiie. H. Bunte 
represented the reaction with ethyl hromide : NaO.S02.S!N’a-f C2H5Br 
^NaO.SOa.SCaHg+ISraBr ; and Na0.S02.SC2H5+H20=NaHS04 + C2H5.SH. 
P. C. Calvert found that the presence of sodium thiosulphate in 

albumen did not prevent the growth of protoplasmic life and fungi. A. Berthoud 
and W. Berger discussed the induction of the reaction between potassium nitrite 
and iodine by sodium thiosulphate. A. N. Kappanna studied the reaction 
with sodium bromoacetate. V, P. RadishchefE studied the ternary system 
h[a2S203~]SraCl-B[20 at 25 °. 

Many of the general methods of preparation of sodium thiosulphate refer also 
to potassium thiosulphate, K2S2O3. E. Brechsel obtained the anhydrous thio- 
sulphate by the action of potassium hydrosulphide on the pyrosulphate in alcoholic 
soln. : KSH+K2S207=KE[S04+K2S203. J. J. Berzelius exposed alcoholic soln. 
of potassium di~ or a higher sulphide to air in a loosely stoppered* bottle and washed 
with alcohol the crystals which are slowly deposited. E. Sidler heated to 120 °~ 130 ° 
a dry mixture of potassium sulphite, and sulphur, qr a mixture of potassium hydro- 
carbonate and hydrosulphite, and sulphur. E. Kessler, and 0 , Dopping treated 
a hot soln. of potassium pentasulphide with a hot soln. of potassium dichromate 
added in small proportions at a time to allow the precipitate to acquire the 
characteristic green colour of ' chromic oxide : 2K2S5-h4:K2^^2^74"H20 

=4Cr203+5K2S203+2K0H. G. S. KirchhofE boiled with water a mixture of 
sulphur with three times its weight of potassium carbonate, and eight of lime, 
renewing the water as it evaporated. The ^tered soln. was neutralized with sulphuric 
acid and evaporated for crystallization — ^the sulphate crystallized out first, then the 
thiosulphate. F, Kessler used a similar process. F. Kessler, C. F. Rammelsberg, 
A. Fock and K. Kliiss, and G. Wyxouboff obtained crystals of a trUahydrate, 
K2S2O3.IH2O — C. F. Rammelsberg dried Ms salt for 24 hrs. in vacuo ; O. Bopping, 
of a monohydrate, K2S2O3.H2O — dried over cone, sulphuric acid — F. Kessler could 
not confirm this ; F. Kessler, of a tritapentahydrate, K2S2O3.IIH2O ; O. Bopping, 
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of a heinUrihtjdrate, K^S^Os-ipRO ; and E. Mathieu Plessy, of a dikydmte, 
K2S2O3.2H2O.' E. Kessler observed that the salt is freely soluble in water with 
the absorption of much heat. According to I. Jo, the solubility of potassium 
thiosulphate, ejrpressed as S grms. of K2S2O3 per 100 parts of water, is as follows : 

0“ 17“ 35° C0° 56-1° 05° 70° 78 3° 85° 90° 

S . 96-1 150-5 202-4° ' 238-3° 234-6° 246-8 255-2 292-0 298-5 312-0 

-"“v ' y ' ■ ■ ' V — ^ ' 

SKoS^Oa-SH^O K-^SaOa.HaO SlCaSaOa.HoO 


The results are plotted 
and trita-liydrates are 
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Fig. 122. — ^The Solu- 

bility of Potassium 
Thiosulphate. 


in Fig. 122, They show that the tritapenta-, mono-, di- 
capable of existence. The transition temperature for 
K2^2^3*^H20^K2S203.1|Pl20 is bclow 17°; that for 

is 35°; that for 
K.2S203.H20^K2S203.|H20 is 56T° ; and that for 
K2^2^3*it^2^^^2^2^3 1® 78*3°, SO that the salt is 

arihydrons above 78*3°. 

The crystals of the tritahydrate are four-sided prisms 
or plates which, according to G. Wyrouho:ff, belong to 
the monoclinic system and have the axial ratios a : 6 : c 
=1*5510 : 1 : 1-2905 ; while A. Fock and K. Kliiss gave 
1*5517 : 1 : 1-2142, and ^==98° 40'. 0. Ddpping said that 
the monohydrate forms six-sided columns or needles; 
and A. Fock and K. Kliiss, that the tritapentahydrate 
furnishes hemimorphic, rhombic pyramids with the axial 
ratios a '.h: c=0*8229 : 1 : 1-4372. G. Wyrouhoff also 
examined these crystals ; he also found the specific gravity 


of the tritahydrate to he 2*230, and the mol. vol. 87-8. 0. Dopping found that the 
monohydrate loses its water at 100°— more rapidly at 150°~160° ; and a similar 
remark applies to the tritapentahydrate. F. Kessler showed that the crystals of 
the monohydrate are stable in air, Iput they effloresce over sulphuric acid or at 40°. 
C. Pape found that the hydrated salt decomposes rapidly at 200° ; while the dehy- 
drated salt is decomposed at 220° to 225°, without loss of weight, into a mixture of 
a mol. of the pentasulphide and 3 mols. of sulphate ; if the salt is not completely 
dehydrated, some sulphur is also formed. C. F. Rammelsherg said that 
decomposition begins at about 400°, and at 470°, the reaction is : 4K2S2O3 
=3K2S04+K2S5. L, N. Vauq^uelin also examined the action of heat on the salt. 
C. Pape gave 0-197 for the specific heat of the anhydrous salt between 20° 
and 100°. M. Berthelot gave for the heat of formatioxi, (K2,S2,30gas) ==266*18 


Cals. ; and — 4*98 Cals, for the heat of solution of the salt, dried in vacuo, in 90 parts 


of water at 10° ; and —2-280 to — 2*490 Cals, for the tritapentahydrate at 10°, 
F. Martin and L. Metz gave 283 Cals, for the heat of formation of K2S2O3. 
J. E. Austin discussed the heat of hydration. V. J. Sihvonen found maxima m the 
reflection ultra-red spectrum at Mfx, 10-2jn, 16-2ju., and 19-5/1.. C. Pape gave 8*39 for 
the rotary polarization of the crystals. 

G. S. E^chhoff found that the salt is odourless, and has at first a cooling taste 
which afterwards becomes hitter. Though the salt is stable in air, G. S. Kirchhofi 
observed that if the soln. containing free alkali is exposed to air, it is converted 
into sulphite and sulphate. W. Spring showed that the salt is reduced by sodiun^ 
amalgam to sulphide ; and H, Debus, that with a great excess of Hulpliwous add 
no precipitation of sulphur occurs, but a yellow liquid is produced containing thio- 
sulphuric acid ; if a smaller proportion of sulphurous acid is used, sulphur is 
precipitated, and tri-, tetra-, and penta-thionates are formed. F. Forster and 
R. Yogel prepared potassium sfflphurylthiosulphate, K2[S208(S03)], and imbidium 
sidphuryltMosulphate, Rb2[S203(S02)], by the action of liquid sulphur dioxide on 
the anhydrous thiosulphate at a low temp. The yellow solids with water give 
clear yellow soln. ; [S203(S02)]"^S02+S203". G. S. Kirchhoff found that the 
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salt is insoltible in alcohol ; J. L. Casaseca, that it is insoluble in ethyl acetate ; and 
E. Mathieu Plessy, that it is not decomposed by dil. acetic acid. G. S. Kirchhoff 
showed that the aq^. soln. dissolves some metal oxides — e.g. those of copper, silver, 
mercury, and arsenic. For other reactions, vide thiosulphuric acid, and sodium 
thiosulphate. G. S. Forbes and co-workers studied the induction period in the 
reaction — clock reaction — between sodium thiosulphate and arsenite {g^.v ,) ; and 
M. Meyer, that in the reaction between the thiosulphate and potassium antimonite 
(q.v.). 

J. Meyer and H. Eggeling obtained rabidium thiosulphate, Eb2S203.2H20, 
from soln.*^ of rubidium carbonate and barium thiosulphate. The crystals are hygro- 
scopic, and freely soluble in water. C. Chabrie obtained small needle-like crystals 
of caesiuni thiosulphate, CS282O3, by boiling a mixture of equal parts of flowers of 
sulphur and caesium sulphite in twice its weight of water, for nearly an hour — 
replacing the volatilized water from time to time, and evaporating the Altered 
liquid in vacuo or over sulphuric acid. The salt is freely soluble in water. J. Meyer 
and H. Eggeling obtained the dihydrate in hygroscopic, indefinite crystals from the 
soln. obtained by adding caesium carbonate to one of barium thiosulphate. 

E. Schwicker found that when a cone. soln. of potassium hydrosulphite is sat. 
with sodium carbonate, and the product is treated with a freshly prepared cone, 
soln. of ammonium pentasulpMde until a permanent yellow coloration is pro- 
duced, the ammonia expelled by boiling, and the Ailtered soln. evaporated on a water- 
bath, transparent plates of sodium potassium thiosulphate, SNa.SO2.OK.2H2O, 
are formed. The salt is freely soluble in water — ^ 213*7 per cent, being dissolved 
at 15 ®. It melts at 57 ®, and when heated with an aq. soln. of ethyl bromide, it 
yields colourless crystals of potassium ethyl thiosulphate. By treating a cone. soln. 
of sodium hydrosulphite, sat. in like manner with potassium carbonate, colourless 
plates of potassium sodium thiosulphate, SK.SO2.ONa.2H2O, melting at 62 ® are 
produced. Water dissolves 105-3 per cent, of the salt at 15 ®, When heated with 
an aq. soln. of ethyl bromide, sodium ethyl thiosulphate is formed which crystallizes 
from dil. alcohol in transparent needles which contain a moL of water. C. Pape 
obtained potassium sodium chlorothiosulphate, K2S203.NaCl, from a soln. con- 
taining the component salts, 

J. F. W. Herschel^ obtained a blue soln. of cuprous thiosulphate by treating a soln. 
of calcium thiosulphate with copper sulphate or carbonate. C. von Hauer gradually 
mixed a cold sat. soln. of sodium thiosulphate with a cone. soln. of copper sulphate 
until the soln. is intensely yellow — ^rather less than a mol of CuSO^ is needed per 
mol of Na2S203 ; when the soln. is allowed to stand, or warmed a little, crystals axe 
obtained which are washed successively with water, and alcohol, and dried over 
sulphuric acid. The composition corresponds with impure cuprous tetrahydrotiiio- 
sulphate, Cu2O.3S2O2.2H2O, or Cu2H4(S203)3. If the yellow soln. be exposed to 
sunlight, or heated over 50 ®, it forms cupric sulphide ; if the precipitate be allowed 
to stand too long it may turn brown. 0 . and L Bhaduri said that the yellow soln. 
begins to darken at 35 ®- 40 ®. The excess of cupric sulphate used forms a complex 
salt with the sodium salt. C. and I, Bhaduri, and G. Vortmann found that the 
product is always contaminated with sodium thiosulphate. C. and I. Bhaduri 
obtained the salt by heating cuprous hydroxide with a soln, of sodium thiosulphate. 
C. von Hauer found that the golden-yellow microscopic crystals ]vhen heated out 
of contact with air furnish water, sulphur dioxide, and sulphuric acid ; a sublimate 
of sulphur ; and a residue of cupric sulphide. The thiosulphate is sparingly 
soluble in water ; but it readily dissolves in soln. of ammonium chloride, and of 
sodium thiosulphate. C. von Hauer, and C. and I. Bhaduri showed that the soln. 
in sodium thiosulphate soon decomposes, forming copper sulphide. The salt forms 
colourless liquids with ammonia and ammonium carbonate soln., and when exposed 
to air they become blue, while that in ammonia deposits a blue, crystalline salt. 
Nitric acid dissolves the salt, red fumes are evolved, and sulphur is deposited ; with 
hydrochloric acid, sulphur is deposited and hydrogen sulphide is given ofl. 

VOL. X. 2 H 
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G. Arthaiid found that a mixed soln. of sodium thiosulphate^ copper sulphate, and 
tartaric acid decomposes urea quantitatively. 

A. Rosenheim and S. Steinhauser made yellow prisms of ammonium cuprous 
tMosulphate, (NH4)2S203.Cu2S203.2H20, or (NH4)CuS203.H20, from a soln. of 
a mol of cupric sulphate and 2 mols of ammonium thiosulphate, or from a soln. of 
the trithiosulphate and cupric sulphate. Also ammonium cuprous trithiosulphate, 
2(NH4)2S203.Cu 2S203.1|-H20, by mixing a cold, cone. soln. of cupric sulphate 
with ammonium thiosulphate until the liquid is yellow — a mol of CUSO4 requires 
3 or 4 mols of (NH4)2S203. If too much ammonium salt is used, evaporation 
in the desiccator colours the soln. brown. The white needles are washed with cold 
water, alcohol, and ether, and dried on a porous tile. The salt is readily dissolved 
by water, hut is insoluble in alcohol ; it slowly gives off ammonia ; and is decom- 
posed by exposure to air or by heat forming copper sulphide. H. Bassett 
and R. G, Durrant reported ammonium cuprous pentathiosudphate, 
2Cu2S203.3{]SrH4)2S203.H20, to he formed from cone. soln. of copper nitrate and 
ammonium thiosulphate. A. Ferratini found that hydrazine cuprous thio- 
sulphate, (N2H4)2H2S203.Cu2S203.1JH20, Can be prepared from cuprons chloride 
and hydrazine thiosulphate ; the salt does not melt when heated up to 250°. 
J. Meyer and H. Eggeling mixed soln. of cupric sulphate and of lithium cuprous 
thiosulphate, and found that the soln. is first decolorized, and then coloured green 
and finally yellow. It is assumed that an unstable soln. of lithium thiosulphate 
is formed, hut the salt cannot be isolated; it decomposes in the cold, forming copper 
sulphide and sulphate, lithium sulphate, and sulphur dioxide. Only decomposition 
products are obtained by evaporating in vacuo over sulphuric acid, a sat. soln. of 
cuprous iodide in a cone. soln. of lithium thiosulphate. 

A soln. of copper sulphate is decolorized by sodium thiosulphate, for the soln. 
becomes successively brown, green, yellowish-green, and yellow. It is supposed 
that a complex sodium cuprous thiosulphate is formed. If an acid be present, 
cuprous sulphide is formed ; and if the soln. he boiled, cupric sulphide. If a 
mixture of the two salts be heated in a sealed tube, at 140°-200°, J. T. Norton 
observed that cuprous and cupric sulphides, and sulphur are produced. In the 
presence of air, the soln. of sodium cuprous thiosulphate slowly decomposes with 
the formation of sodium tetrathionate and hydrated cuprous oxide, but in the 
presence of sulphuric acid, the precipitation of the copper proceeds more slowly, 
for the hydrated cuprous oxide dissolves so long as any free acid is present. In 
the presence of air, the hydrated cuprous oxide is oxidized to the cupric state which 
does not dissolve in the soln. The addition of calcium or sodium hydroxides to the 
soln. may precipitate hydrated cuprous oxide, but this passes into soln. on adding 
more sodium thiosulphate ; the addition of sodium carbonate has no action below 
30°, but at that temp., cuprous carbonate is precipitated, and it too dissolves on 
adding more sodium thiosulphate. The reaction between sodium thiosulphate 
and soln. of copper salts was studied by A, Bernthsen, H. Bollenhach, E. Crouze], 
F. J. Faktor, J. de Girard, C. Himly, J. Meyer, H. Rose, P. Schutzenberger and 
0. Risler, G. Yortmann, and J. W. Westmoreland. The application of the reaction 
between copper salts and sodium thiosulphate to analytical work was examined 
by A. Carnot, E. Fleischer, J. de Girard, C. Himly, H. Nissenson and B. Neumann, 
'A. L. Orlowsky, H. Yohl, G. Yortmann, and M. Willenz. Among the by-products 
of the reaction, y. Kessel noted sulphites ; F. Kessel, C. F. Rammelsberg, J. J. von 
Renesse, M. Sievert, G. Yortmann, and E. Zettnoff, tetrathionates ; and M. Sievert, 
sulphurki acid. A freshly prepared soln. of sodium cuprous thiosulphate — obtained 
by mheing soln, of sodium tHosulphate and copper sulphate — is employed in the 
extraction of gold and silver from sulphide ores — either simple or in oomhination 
with arsenic and antimony sulphides. It can also he used with ores containing 
metallic silver. The soln. of silver is treated with sodium sulphide and the pre- 
cipitated sulphide is worked for silver and copper sulphides. A soln. of sodium 
cuprous thiosulphate can be obtained which will dissolve silver nine times as rapidly 
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as a soln. of ordinary sodium thiosulphate ; on the other hand, silver chloride is 
dissolved more slowly by the sodium copper thiosulphate. Gold is not dissolved 
by the sodium cuprous thiosulphate soln. any more rapidly than a soln. of ordinary 
sodium thiosulphate. A soln. of calcium thiosulphate is not so good for the purpose 
because if lead is present, it is precipitated by the addition of sodium carbonate, 
and with calcium thiosulphate, calcium carbonate would also be precipitated. 
The enhanced solvent power of sodium cuprous thiosulphate is attributed to the 
greater solvent power of the copper salt for oxygen which is carried to the silver. 
Silver sulphide is rapidly decomposed by the soln. with the precipitation of copper 
sulphide and the dissolution of the silver. C. and I. Bhaduri found that cuprous 
oxide dissolves in sodium thiosulphate when gently warmed according to the 
equation Cu204-H20+Na2S2;03=2Na0H-f-Cu2S203. The copper thiosulphate is 
held in soln. by an excess of sodium thiosulphate. Under ordinary conditions, 
this soln. is very unstable, and quickly deposits copper sulphide. 

Numerous complexes of sodium and cuprous thiosulphates have been isolated, 
but, as emphasized by A. Rosenheim and S. Steinhauser, and by W. Muthmami 
and L. Stiitzel, it is not clear if complex salts are formed, or if isomoxphous mixtures, 
whose composition depends on the temp, and cone, of the soln., are involved. The 
salts are not very soluble, and readily decompose in soln. G. Sambamurty studied 
the period of induction in the formation of cuprous sulphide from sodium 
cuprous thiosulphate. J. de Girard reported sodium cuprous pentathiosulphate, 
2X828203. 3CU2S2O3, to be formed by the action of cold soln. with 8 mols of sodium 
thiosulphate, and 6 mols of copper sulphate. The 'pentdhydmte was obtained by 
C. Lenz by mixing a soln. of sodium thiosulphate with an excess of copper sulphate, 
filtering rapidly, washing with dil. acetic acid, and drying in vacuo over sulphuric 
acid ; E. Crouzel precipitated the salt from its soln. by adding alcohol. C. A. Stete- 
feldt, and E. H. Russell observed that some sulphuric acid is formed during the 
reaction. G. Vortmann made the salt by washing the octohydrate with water 
and alcohol, and drying in a desiccator. H. Bassett and R. G. Durrant said that 
the salt is the hexahydrate. G. Vortmann obtained lemon-yellow crystals of the 
octohydrate from a soln. of 1-2*5 mols of cupric sulphate, and 2 mols of sodium 
thiosulphate kept at about 40^. The salt is filtered from the warm soln., washed 
with water, 'and dried in air. J. de Girard obtained it in a similar way at 45®. 
C. Lenz said that the pentahydrate is sparingly soluble in water ; and E. H. Russell, 
that 100 parts of water dissolve 0*284 part of salt. The aq. soln. is stable up to 
85°. C. Lenz found that cold hydrochloric acid gives a white precipitate without 
evolution of sulphur dioxide, hut with the hot .acid, sulphur dioxide, cux^ric sulphide, 
and a cuprous salt are formed ; cone, sulphiiric acid decomposes the salt ; warm 
dil. sulphuric acid gives sulphur dioxide and cupric oxide ; aq. ammonia forms a 
yellowish-brown soln. which becomes blue in air. The salt is insoluble in alcohol, 
and alcohol precipitates from the aq. soln. a salt soluble in water. The salt is freely 
soluble in a soln. of sodium thiosulphate ; and E. H. Russell found that 100 c.c. of 
5, 7*5, and 10 per cent. soln. of the sodium thiosulphate dissolve respectively 12*28, 
17*46, and 22*54 grms. of the complex salt. E. H. Russell also found that silver 
sulphide decomposes the salt precipitating cupric sulphide ; and that silver chloride 
dissolves more slowly than in a soln. of sodium thiosxdphate alone. E. Crouzel 
obtained a chocolate-brown precipitate with potassium ferrocyanide — ^the precipitate 
is grey with sodium thiosulphate alone. H. Bassett and R. 6. Durrant added that 
cupric salts are reduced at once to the cuprous state on adding excess 
of sodium thiosulphate ; from normal or more cone, soln., the yellow salt, 
3Ou2S2O3.2Na2S2O3.6H2O, crystallizes out rapidly. Sodium tetrathionate is 
simultaneously produced. When copper nitrate^ is used, pure specimens of the 
yellow salt are obtained. With copper sulphate, the yellow salt contains 
3Cu2SO4.2Na2SO4.6H2O in solid soln. With copper chloride, the yellow salt soon 
gives place to the white salt, Cu2S2Oa.Na2S2O3.H2O {vide injfra), which invariably 
contains Cu2Cl2.2NaCl.H2O in solid soln. The yellow salt in this case was found 
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to be a mixture containing some of tlie white salt. The pure yellow salt is quite 
stable if kept dry and prepared perfectly free from adhering tetrathionate. When 
strongly heated, it yields cuprous sulphide and sodium sulphate, whilst sulphur, 
sulphur dioxide, and water are expelled. P. Jochum made liexahydrated sodium 
cuprous decathiosulphate, 4Na2S2O3.5Cu2S2O3.6H2O, by treating sodium 
cuprous irithiosulphatc with a soln. of sodium thiosulphate ; and the octohydmie, 
by adding a C(dd, sat. soln. of sodium thiosulphate to a cold, cone. soln. of copper 
siilpliate until a green colour appears ; A. Benrath obtained the enneaJiydrate ; 
and A. RoMenheim and S. Steinhauscr, the hemiheptadecaJiydmte, by mixing sob. 
of the component salts in theoretical proportions. P. Jochum prepared mono- 
hydrated sodium cuprous ditMostilphate,Na2S203.Cu2S203.H20, or NaCuS203.|H20, 
as a. yellow, amorphous mass, from soln. of sodium thiosulphate and cuprous chloride 
as free as possible from acid ; H. Bassett and R. G. Durrant said that the salt is 
monohydrated — vide sufra. E. H. Russell, and C. A. Stetefeldt prepared the 
dihydrate^ by the action of soln. of 2 parts of sodium thiosulphate and one part 
of copper sulphate. Some penta- and tri-thionates arc formed at the same time. 
A. Rosenheim and S. Steinhauscr obtained the same hydrate by adding sodium 
thiosulphate to a cone. soln. of copper sulphate until it is decolorized, and then 
adding copper sulphate until the liquid is yellow. The salt is insoluble in water, 
and in alcohol. C. and I. Bhaduri made the Jiemifentahydrate by mixing cone, 
soln. of sodium thiosulphate and copper sulphate or acetate in the molar proportion 
2:1, adding a large excess of acetic acid, and washing the yellowish- white pre- 
cipitate with dil. alcohol, G. Vortmann, and J. de Girard reported the trihydrate 
to be formed by mixing cold soln. of a mol of copper sulphate (1 : 2 * 5 ) and 2 mols 
of sodium thiosulphate (2 : 2) at the ordinary temp. A 


^fj great many copper salts with copper thiosulphate have 

1^7 reported, hut it is highly probable that many of them 

c7 5~io 15 20 26 are solid soln. A. Benrath found that the composition of 
Grams Nai 2 3 phase in soln. of the two salts varies with the 


Ficj. 123 .- -Solubility amount of the sodium salt in soln. The results are shown 


of Cuprous Thiosul- 123, and the break in the curve corresponds with 

of Soclium sodium cuprous dithiosulphate, Na2S2O3.Cu2S2O3.2H2O ; or 

phate. CuNaS20s.H20, Or Na2[Cu2(S203.H2P)2], and it forms an 

indefinite number of solid soln. with sodium thiosul- 


])hate, and it is miscible with cuprous thiosulphate up to the formation of 
4Na2S2O3.5Cu2S2O3.9H2O. Gaseous ammonia converts the salt Na2S203.Cu2S203. 
2H2O into sodium cuprous diamminodithiosulphate, Na2S2O3.Cu2S2O3.2NH3. 
G. Bhaduri passed acetylene into a soln. of sodium thiosulphate and copper acetate 
and obtained a • red precipitate of sodium cuprous acetylidothiosulphate, 
5Na2S2O3.5Cu2S2O3.5Cu2C2.C2H2.10H2O. This product dissolves in water, but 
may be washed with alcohol. It forms a hrick-red powder, which burns like gun- 
powder when heated. It decomposes slowly at 33^^, or in ten hours on the water- 
bath. The red soln. is decolorized by acids; the colour is restored on adding 
alkali immediately, hut not after a short time. Alkalies, except ammonia, pre- 
cipitate a brown explosive sxihstance. 


C. and I. Bhaduri made yellow crystals of sodium cuprous dodecathiosulpliate, 
SNaaSaOa.TCuiS^Oa.reHaO, by mixing sat. soln, of copper sulphate this and- sodium tHosul- 
phate in the molar proportion 1 : 2, and at 20°— 34°, and by mixing soln- of copper acetate 
and sodium thiosulpliate in almost any proportion. A. Rosenheim and S. Stein- 
hiiuser made yellow crystals of hexahydrated sodium cuprous heptathiosulphate, 
3 N'ayS^ 0 j. 4 Cu^S 203 . 6 Ha 0 , from a yellow soln. obtained by adding sodium thiosulphate to 
a cone. sob. of copper sulphate ; and C. and I, Bhaduri, the etvneahydrate^ by mixing 
sat. soln. of the component .salts at 50°-60°. G. Vortmann reported sodium cuprous 
trithiosuiphate, 2]Sraj,S3O3.0u2S20.,.4H2O, to be formed by adding the calculated quantity 
of .sodium tliiosulphate to a sob. of the pentathiosulphate ; he similarly obtained dihydre^ed 
sodium cuprous tetrathiosulphate, 3 Na 2 S 2 O 3 .Cu 2 S 2 O 3 . 2 H 2 O, and the same salt w^s reported 
by C, Lenz, and 0. F. Rammelsborg ; and P. Jochum reported the hexahydrate io be formed 
by adding alcoliol to the colourless soln. obtained by mixing soln. of the com^ 
ponent salts. J\ Jochum also reported dihydrated sodium cuprous- cnncatliiosulplmte^ 
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7Ka2SiiO3.2Cu2S.jO3.2H2O, by adding sodium tluosulphat© to a soln. of the ditldosuiphat© 
in one of sodium sulphate until the liquid is colourless ; 3f alcohol be added, the 
dodecahydrate is formed. F. Kessel said that sodium cuprous pentatlllosillphate, 
4Ka2So03.Cu jSoO^.BHoO, is formed by mixing a soln. of sodium thiosulphate with an excess 
of copper sulphate or acetate at — 10 °. G. Vortmaim also prepared tlii.s salt by adding the 
calculated quantity of sodium thiosulphate to a soln. of the xiontathioaulpliate. 

0. L. Shinn reported ammoEiuin sodium cuprous hexammiuoctotMosulpiiate, 
(KH4)2S203.4:Ka2S203.3Cu2S20o.6NH3. in blue, tetragonal crystals, by adding a 
cone. aq. soln. of sodium thiosul]3hate to an ammoniacal soln. of a copper salt, or 
to an ammoniacal soln. of cuprous oxide. When dry the salt is fairly stable in air. 
but it rapidly oxidizes when moist, and is partly decomposed by water. According 
to A. Kosenheim and S. Steinhauser, the halide salts of the first group of the periodic 
system are alone capable of forming complex salts with the alkali or ammoniuin 
thiosulphates which are analogous to the complex salts of potassium iodide and 
ethyl sulphonates of the type RI.4(G2H5)ES03. They are said to be true com- 
pounds, and they can be re-crystallized from water without decomposition. They 
are made by saturating a soln. of ammonium thiosulphate with silver or cuprous 
halide, and concentrating the soln. over sulphuric acid in vacuo. With cuprous 
chloride, ammonium cuprous dicMorotetrathiosulphate, KH4Clo.4(NH4)2S203.CuCI, 
is formed in tetragonal crystals with the axial ratio a : c=l : 0*63177 ; with cuprous 
bromide, ammonium cuprous dibromotetrathiosulpliate, ]Sril4Bro.4(NH4)2S203. 
GuBr, in tetragonal crystals with a : c=l : 0*63828 ; ammonium cuprous dithiocya- 
natotetrasulpfiate, NH4CyS.4(KH4)2S203.CuCyS, With cuprous iodide, ammonium 
cuprous diiodotetratMosulpbate, ]KH4lo.4(Nii4)2S203.0uI, in tetragonal crystals 
with the axial ratio a : o=l : 0*6341, E. Brun also prepared this compound by 
mixing a large excess of a 50 per cent, soln, of ammonium thiosulphate with 
powdered cuprous iodide, or a soln. of it in ammonium iodide. The salt is stable 
at ordinary temp., decomposes slowly at 100®, and at higher temp, gives o:fi sulphur 
and its dioxide, iodine, and ammonia. A soln. of the salt decolorizes iodine with 
the precipitation of cuprous iodide ; and when boiled with water it is decomposed 
with the deposition of cuprous sulphide. E, Brun also reported that if a smaller 
proportion of ammonium thiosulphate is used, the salt 7(^114)282 O3.CU2S2O3. 
8CUI.4H2O, or ammonium tetraiodothiosulphate, (NH4)7(S203)4.4CiiI.2H20, is 
formed in yellow needles ; and if an excess of sodium thiosulphate is avoided, 
ammonium diiodothiosulphate, (]SrB4)2S203.2CuI.H20, is formed in insoluble yellow 
needles. A. Bosenheim and S. Steinhauser could not verify the existence of these 
two compounds, but they obtained ammonium cwproics cyanidothiosuljphate mid 
thiocyaimtothiosulphate analogous to the corresponding halides. G. Canneri and 
E. Luohini prepared a series of complex salts by dissolving in fused sodium thio- 
sulphate freshly prepared cuprous halides, or thiocyanate. They form white 
crystals not affected by light, and give clear, colourless, aq. soln. These com- 
pounds are sodium cuprous chloropentathiosulphate, CuCl.hNaoSoOs, or 
J^aio[ClCu(S203)5] ; sodium cuprous hromopentatfaiosulphate, CuBr.bNa^SsOs, or 
l:7aio[BrCu(S203)5] ; sodium cuprous hromodecathiosulphate, 0uBr.Cu2S203- 
9Na2S20g, or Cu2Nai8[BrCu{S203)io] ; sodium cuprous iodobromopentathio- 
sulphate, CuBr.filSraaSaOs.Nal, or CuNaii[IBrCu(S203)5] ; and sodium cuprous 
dithiocyanatopentathiosulphate, 2CuCyS.5Nra2S203, or CuKaio[(Cy8)o(S203)5]. The 
co-ordination formulae, added G. Caimeri and E. Luchini, cannot, however, be 
supported by experimental data other than the colour of the salts, this indicating 
that the cuprous ion forms part of a complex radicle constituted of groupings 
in such condition that they exhibit increased resistance to react with their specific 
reagents. Water has a dissociating action on these complex compounds. 

A. Rosenheim and S. Steinhauser reported that sodium cuprous dichlorotritMosulphate. 
2K’a2S203.Cu2S203.2CuCl, is produced as a white crystallme precipitate, by the action of 
cone. aq. soln. of 2 mols of sodium thiosulphate on 4 mols of cuprous chloride ; C. and 
1 . Bhaduri, sodium cuprous octochlorotetradecathiosulphate, SNajSsOs.OOugSaOa.SKaCl, 
as a white pulverulent mass, by the action of a sat, soln. of sodium thiostilphate on 
one of cupric chloride ; and M. Siewert, sodium cuprous tetrachloropentathiosulphate. 
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jS^0,,,4NaCI.SfT_;0, as a white amorphous mass, by the action of a sodium 
thiosnlphat(‘ soln. on sodinni (Miprons (‘hlorirle. F. Kessol made sodium CUprous dithio- 
siilphatosulphlde, A), from a cold solu. of sodium tlnosiilphatc 

and an excess of copper bulphato or acetate, kept at about 0° for some time. Tlie salt 
was also studied by C. i.enz. IVf. Siew-ert, J. J. van Kimesso, C. and I. Bhaduri, and H. Peltzer. 
By <iis 80 lving the complex salt m hydrochloric acid, and adding alcohol, F. Kesstd obtained 
sodium cuprous dithiosulphatodisulphide, NajBj0^.Cu^S,0.,.2CuS ; and if the soln. in cone, 
hydrochloric acid be dried in a desiccator at 0*^, a dark brown sodium cuprous chloroditliio- 
sulphatosulphide is formed. P. Jochum obtained yollow needles of sodium cuprous 
disulpbatoctothiosulphate, 3 NaB_, 03 . 5 CiuS^ 0 ;,. 2 NajB 0 ,i.H^ 0 , by adding a cold, cone, 
soln. of sodium thiosulphate to a cone. eoln. of copper sulphate until a yellow colour is 
developed, and allowing the iiquiil to stand for 24 hrs. E. Bruii repjorted potassium and 
sodnun lodoth losulphates can be formed analogous to the ammonium salts. 

W. ^hithniann and L. Stiitzcl obtained evidence of the formation of potassium 
cupric tMosulphate, K2S2O3.C11S2O3, or Cu(KS203)2, by mixing soln. of cupric 
sulphate and potassium thiosulphate ; when the blue colour is changed to yellow, 
the soln. furnishes slender, colourless needles, which become brown if allowed to 
remain in contact with the mother-liquid a few days. It is probable that this 
salt is the same as the CU2S2O3.2K2S2O3, jirepared by J. B. Cohen ; and that the 
latter is really a cupric salt. Sodadye produces a very faint turbidity in the aq. 
soln., whilst the solid substance, on digestion with this reagent, yields black copper 
oxide ; potassium ferrocyanide gives the characteristic reddish-brown cupric 
ferrocyanide, and hydrogen sulphide produces colloidal cupric sulphide, which is 
precipitated by acids and neutral salts, C. F. Raminclsberg prepared potassium 
cuprous dithiosulpliate, K2S2O3.Cu2S2O3.2H2O, in yellow crystals, by allowing 
a green soln. of potassium thiosulphate and copper sulphate or acetate to stand 
for a few days. A. Rosenheim and S. Steinhauser also made this salt ; and 
B. Hornig obtained it by leaving a mixture of })otassiuni trithionate and a cold, 
sat.' soln. of copper acetate in the dark for several days. The crystals become 
brown m air, and when heated become black owing to the formation of cupric 
sulphide and potassium sulphate free from the sulphide. The salt is insoluble 
or very sparingly soluble in water ; and the aq. soln. decomposes into sulphur 
dioxid(‘, cupric oxide and potassium sulfAate when boiled ; hot alkali-lye forms 
cu])rous hydroxide and alkali thiosulphate ; the soln. in potassium thiosulphate 
furnishes white needles of potassium cuprous tritMosulphate, 2K2S203*^^%S203- 
This salt was also prepared by J. B. Cohen from one part of a soln. of cupric sulphate 
to rather less than 4 parts of potassium thiosulphate in a hot sat. soln. The 
crystals are washed with a little cold water, and dried in air. W. Muthmann and 
L. Stiitzel mixed soln. of 80 grms, of potassium thiosulphate, and 20 grms. of cupric 
sulphate diluted to a litre, and allowed to stand 24 hrs. ; the crystals were dried 
over sulphuric acid. A. Rosenheim and S. Steinhauser obtained the salt from a 
mixture of a mol of copper sulphate and 4 mols of potassium thiosulphate. 
J. B. Cohen, W. Muthmann and L, Stiitzel, and A. Rosenheim and S. Steinhauser 
reported a dihydrate ; A. Rosenheim and S. Steinhauser, and W. Muthmama and 

L. Stiitzel, a trihydrate ; and W. Muthmann and 
L. Stiitzel, a tetraJfiydrate — vide infra^ potassiu^n cupric 
thiocyanate. The anhydrous salt does not change its 
colour at 100^-110®, and suffers no loss in weight ; at 
120"^, J. B. Cohen said that some sulphur dioxide is 
given off. The salt is freely soluble in water. The aq. 
soln, remains clear and colourless when soda-lye is 
Fig. i24.~Soiiibility of added, but the solid salt is quickly blackened by cone. 
sXtioL of’^pS;^siX soda-lye; it is coloured blue in a few minutes by 
Thiosulphate. ammonia ; deep brown by hydrogen sulphide ; and 

reddish-brown by potassium ferrocyanide. It is in- 
soluble in an aq. soln. of potassium thiosulphate ; and it is turned brown after 
2 or 3 days’ contact with this menstruum. A. Benrath examined the mutual 
solubility of cuprous and sodium thiosulphates in water at 15^, and 35®. The 
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results are illustrated by Fig. 124. They found that dihydrated potassium cuprous 
dithiosulphate, appears as an unstable greenish-yellow salt 

at 15"^ but not at 35^. There is also formed yellow trihydrated potassium cuprous 
trithiosulphate, K 2 [Cu 2 (S 203 .H 203 )], and white anhydrous potassium cuprous 
trithiosulphate, K 4 [Cu 2 (S 203 ) 3 ]. Gaseous ammonia converts it into potassium 
cuprous amminotetMosulphate, 2 K 2 S 2 O 3 .Cu 2 S 2 O 3 .NH 3 . When alcohol is added 
to the aq. soln., J. B. Cohen said that potassium cuprous tetrathiosulphate, 
3 K 2 S 2 O 3 .Cn 2 S 2 O 3 . 3 H 2 O, is formed. This salt was obtained by C. F. Eammelsberg 
by adding alcohol to a sat. soln. of the dithiosulphate, and allowing the oily pre- 
cipitate to crystallize. It is more soluble than the dithiosulphate. A. Eosenheim 
and S. Steinhauser, and W. Muthinann and L. Sttitzel, doubt the chemical in- 
dividuality of this salt. 

J. Meyer and H. Eggeling obtained rubidium cuprous dithiosulphate, 
Eb 2 S 2 O 3 .Cn 2 S 2 O 3 . 2 H 2 O. from soln. of equimolar parts of the component salts ; 
the precipitate is washed with cold water. The yellow crystalline powder is very 
unstable ; and with warm water, cupric sulphide separates out. They .also obtained 
csesium cuprous dithiosulphate, Cs 2 S 2 O 3 .Cu 2 S 2 O 3 . 2 H 2 O, from a soln. of one mol 
of copper sulphate and 3 mols of csesium thiosulphate. With the molar proportions 
Kb 2 S 203 and CUSO 4 , 2:1, J. Mayer and H. Eggeling obtained rubidium cuprous 
trithiosulphates, 2 Eb 2 S 2 O 3 .Cu 2 S 2 O 3 . 2 H 2 O ; and with the proportions 3:1, rubidium 
cuprous tetrathiosulphate, 3Eb2S2O3.Cu2S2O3.2H2O. 

The brown colour which is first developed when cold soln. of sodium thio- 
sulphate and copper sulphate are mixed is supposed hy G. Vortmann, J. Meyer 
and H. Eggeling, and P. Jochum to be produced by a very unstable cupric thio- 
sulphate, CUS2O3. The reducing action on the cupric salt of the thiosulphate 
prevents the formation of cupric thiosulphate in aq. media. The cupric salt, 
however, is stabilized by ammination. P. Pudschies obtained dark blue needles 
of cupric tetraminmotMosulphate, CUS2O3.4NH3, by mixing a soln. of copper 
acetate in cone. aq. ammonia with sodium thiosulphate, and dark blue cubes by 
precipitation with alcohol from dil. soln. At 25°, 100 parts of water dissolve 21-79 
parts of salt. The mol. electrical conductivities of soln. with a mol of the salt in 
4-006, 8-012, and 16-024 litres are respectively 27-7, 24-3, and 40*9. P. Pudschies 
also measured the partition of ammonia between an aq. soln. of this salt and chloro- 
form. W. Schiitte prepared violet needles of sodium cuprosic tetrarummotetra- 
thiosulphate, 2 Na 2 S 2 O 3 .Cu 2 S 2 O 3 .CuS 2 O 3 . 4 NH 3 , by adding a cone, soln. of sodium 
thiosulphate to a warm soln. of a cupric salt, or of cuprous chloride. The salt 
was also prepared by H. Peltzer, and M. Siewert ; while the dikydrate was obtained 
hy P. Pudschies. The deep blue salt represented by K. Bhaduri as a trithionate 
was shown hy A. Benrath to be sodium cuprosic pentammiuotetratliiosidpliate. 

He said that the deep blue colour makes it unlikely to be solely a cuprous salt. 
It is considered to he the salt previously made by several workers from sodium 
thiosulphate and an ammoniacal copper salt soln. The ratio Cu* : Cu" is 2 : 1 . 
All the sulphur is in the thiosulphate complex ; and there are probably five NH 3 
mols. present. The cupric atom is considered to be the central atom of the complex. 
It has not been found possible to prepare analogous compounds with potassium 
thiosulphate in place of sodium, or with ethylamine or pyridine in/place of ammonia. 
Ethylenediamine gives a violet salt, copper hemitrisetWlenediammotMosidplmte^ 
2 CuS 203 . 3 C 2 H 4 (NH 2 ) 2 * 2 H 20 , in which the whole of the copper is in the cupric 
condition, G. T. Morgan and F. H. Burstall prepared copper bisetfayleuediamiuo- 
thiosulphate, [Cu en 2 ]S 203 , by double decomposition between barium thiosulphate 
and copper hisethylenediaminosulphate. The complex thiosulphate remained 
unchanged in air, but on heating it decomposed without melting at 150^-155°. 
The stable purplish-blue soln. in water became blue on addition of an aq. soln. of 
sodium hydroxide, whereas a warm alcoholic soln. of soda precipitated cupric 
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oxide. Silver nitrate gave a white precipitate, blackening rapidly even in the 
cold. Sulphuric and hydrochloric acids discharged the purplish-blue colour of the 
soln .3 in the former case with the formation of a brown precipitate. B. W. Horn and 
E. E. Crawford prepared ciiprosic amminosulphothiosnlphate, CUX0815O18.9NH0 
or dCuSoOj.CusS.CuS.BNHs, by mixing a soln, (sp. gr. 1*26 at 21°) of sodium thio- 
sulphate in cone, aq. ammonia, with a soln. of cupric chloride. The blue crystals 
of the salt are stable. 

According to J. F. W. Herschel : 

I£ a sola, of silver nitrate be dropped into a dil. soln. of potassium Iiyposulphate, the 
white turbidity at first produced disappears on agitation ; as the quantity of silver salt 
added to the soln. increases, grey flakes are produced, and the supernatant liquor acquires 
a sweet taste owing to the presence of the dissolved silver hyposulphate. The silver is 
not precipitated from the soln. by sodium chloride, but it does give a precipitate with 
hydrogen sulphide. If more silver nitrate be added, the precipitate turns brown, and it 
IS afterwards converted into black silver sulphide, and the supernatant liquor no longer 
tastes sweet, and it gives a precipitate with sodium chloride. On the other hand, if the 
soln. of potassium hyposulphate bo added at once to the quantity of silver nitrate soln. 
required for its decomposition, the precipitate which is white at first passes successively 
through pal© yellow, greenish-yellow, yellowish-brown, reddish-brown, and to brownish- 
black — ^the colour of silver sulphide. A soln. containing only one part of hyposulphate in 
07,800 parts of water assumes a brown tint in a few minutes after being mixed with the 
soln. of silver nitrate. 

J. F. W. Herschel, and H. Rose prepared silver tMosulphate, AgoS^Os, by adding 
a dil. soln. of silver nitrate to an excess of sodiniri tbiosulphate, and washing the 
grey mixture of silver thiosulphate and sulphide with cold water. The thiosulphate 
was extracted with aq. ammonia, and the soln. just neutralized with nitric acid. 
The precipitate was dried as rapidly as possible by press. The snow-white powder 
is sparingly soluble in water. As shown by H. Rose, it readily decomposes : 
Ag2S203==Ag2S+S03. According to J. Fogh, the thermal value of this reaction 
is 20 Oals. ; and the heat of formation of Ag2S203 from AgNOs and 1 ^b. 9 S> 20 z is 
2*6 Cals. Hence the tendency of the newly formed silver thiosulphate to decom- 
pose. The reaction Ag2S203+H20=Ag2S+H2S04 was found by J. Bodnar to 
be quantitative. The salt is soluble in aq. ammonia, and in soln. of the alkali 
thiosulphates. According to J. F. W. Herschel, ammonium silver trithiosulphate, 
2 (NH4)2S203. Ag2S203, is precipitated when alcohol is added to a soln . of silver chloride 
in one of ammonium thiosulphate ; the white product is dried in vacno. If the 
mother-liquor be evaporated, the same salt is obtained in six-sided prisms with a 
taste sweet enough perceptibly to flavour 32,000 times its weight of water. It is 
freely soluble in water. When heated, 100 parts of salt yield 40'62 parts of silver 
sulphide. If more silver chloride be added to a soln. of ammonium thiosulphate than 
it is capable of dissolving, the white crystals of ammonium silver tliiosulpliate» 
(NH4)2S203.Ag2S203, OX NH4AgS203, are produced. The salt is dried in vacuo. 
It is insoluble in water, and it turns black when kept in closed vessels, or when heated, 
giving off sulphur dioxide, and forming silver sulphide. The salt is soluble in aq. 
ammonia, and is reprecipitated by the addition of acids even if the soln. be very 
dilute- A. Rosenheim could never obtain a product of constant composition in the 
attempt to prepare the two compounds reported by J. F. W. Herschel ; but a series 
of mixed salts — vide infra — ^was obtained. A. Rosenheim and G. Trewendt added 
a soln, of silver nitrate to an ice-cold soln. of alkali thiosulphate, and found that 
sparingly soluble salts separate out, whilst soluble salts require the addition 
of alcohol for precipitation. Thus, the salt NH4AgS203 is sparingly soluble, 
but ammonium silver heptathiosulphate, (NH4)5[Ag3(8203)4), is /sparingly 
soluble. A. and L. Lumiere and A. Seyewetz said that the ammonium silver 
sulphide produced when silver bromide is dissolved by a soln. of ammonium 
thiosulphate is very unstable. A. Ferratini obtained hydrazine silver thto- 
sulphate» (N2H4)H2S203.Ag2S203, by shaking freshly prepared silver chloride with 
a soln. of hydrazine thiosulphate. The rectangular crystals become brown at 100°^ 
and melt at 128°-129°. The salt is almost insoluble in water ; is reduced slowly 
by boiling water ; is soluble in aq. ammonia ; and is attacked by nitric acid. 
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J. Meyer and H. Eggelmg prepared lithium silver dithiosnlphate^ Li<>S203.Ag2 
S203.H20,^ by tbe action of freshly-precipitated silver chloride on a cone. soln. of 
lithium thiosulphate. The tabular crystals soon form silver sulphide on exposure 
to light. They are hygroscopic, and decomposed by boiling water, and by acids. 
According to A. Rosenheim and S. Steinhauser, when silver chloride dissolves in 
a soin. of potassium, or sodium thiosulphate, there is a double decomposition result- 
ing in the formation of alkali chloride, and silver thiosulphate. The latter forms 
complex salts with the excess of sodium thiosulphate. E. Yalenta examined the 
solubility of the silver hahdes in soln. of sodium thiosulphate. The solubility, S, of 
the silver halide in grams per 100 grms, of soln. for soln. with 100 parts of 
water and 


NaoSoOg . 

•, 1 

5 

10 

15 

20 parts 

(AgCl . 

. 0*40 

2-00 

4*10 

5*50 

6-10 

S\ AgBr . 

. 0*35 

1*90 

3-50 

4*20 

5*80 

iAgI . 

. 003 

0*15 

0*30 

0*40 

0*60 


E. Cohen found that if the sodium thiosulphate be in excess, silver chloride dissolves 
in accord with 3Na2S203d-2AgCl=2HaCl-l-2AgNaS203.NaoS203 ; and if the silver 
salt be in excess, the less soluble NaAgS203 is formed. R. Luther and A. Leuhner 
found that the anion present in the soln. is Ag(S203)2''^ J. Fogh showed that the 
decomposition of silver nitrate (2 mols) by sodium thiosulphate (1 mol) with formation 
of sodium nitrate, silver sulphide, and dissolved sulphuric acid, is complete in four or 
five minutes, and develops +46 Cals, at 15°. The calculated result is +45-2 Cals. 
The reaction takes place in two phases, namely, the formation of silver thiosulphate 
and the decomposition of the latter in presence of water, but the thermochemical 
disturbances corresponding with each phase could not be determined directly 
because of the rapidity of decomposition. Calculating from analogy, the heat of 
formation of silver thiosulphate is +104 Cals., and hence the first phase of the 
reaction should develop +5*2 Cals., and the second +40 Cals., a result which 
explains the fact that the decomposition becomes complete without the aid of 
extraneous energy. The dissolution of silver thiosulphate in excess of a soln. of 
sodium thiosulphate, develops 34*8 Cals, at 12°. The conversion of silver chloride 
and bromide into thiosulphate would absorb 13x2 Cals., and 17-3x2 Cals., and 
the soln. of these compounds in a soln. of sodium thiosulphate is determined by the 
formation of the sodium silver thiosulphate. The conversion of silver iodide into 
thiosulphate would absorb 48-4 Cals., a quantity greater than that developed by 
the combination of silver thiosulphate and sodium thiosulphate, and hence a sola, 
of sodium silver thiosulphate yields a precipitate of silver iodide on addition of a 
soluble iodide, and silver iodide does not dissolve in sodium thiosulphate soln. 
without the aid of extraneous energy. 

E. Muller observed that when silver nitrate is added to a soln. of sodium 
thiosulphate and the potential between a sEver indicator electrode and a normal 
calomel electrode immersed in the liquid is measured and plotted against the 
vol. of silver soln. added, a marked deflection in the curve occurs at a point 
corresponding with the formation of NaAgS203. Further addition of the silver 
soln. causes the formation of a white precipitate of Ag2S203, which simultaneously 
becomes brown, due to decomposition into silver sulpMde, and eventually a 
second deflection in the potential curve occurs at a point a little beyond ths^ 
corresponding with the formation of Ag2S203, due to adsorption of silver nitrate 
by the precipitate. If the titration is carried out at 0°, no decomposition 
of silver thiosulphate occurs until there is an excess of silver nitrate present, 
and the second deflection in the potential curve denotes a stoichiometric relation 
between the reacting substances. In the presence of sodium acetate, the titration 
may be carried out at 75°, at which temp, the potential change at the end-point 
is much more marked. There is no indication of the formation of the complex 
salt, Na4Ag2(S203)3, by the electrometric titration. 
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J. E. W. Herscliel reported crystals of sodium silver tritMosulphate, 2Na2S:i03. 
Ag2S203.2H203 to be formed by evaporating a soln. of silver chloride in a 
soln. of sodium thiosulphate. A. Rosenheim and G. Trewciidt used the formula 
Na4[Ag2(S203)3].2IIo0. A. Rosenheim and S. Steinhauser used a similar mode 
of preparation; and C. Lenz obtained it in an analogous way and also hy 
using silver nitrate in place of the chloride ; and by precipitation by adding 
alcohol to the soln. and allowing the oily liquid to crystallize ; A. and 
L. Luniiere and A, Seyewetz used silver bromide and alcoholic precipitation. 
According to C. Lenz, while the evaporation of the aq. soln. furnishes tabular 
crystals, an alcoholic soln. furnishes acicular crystals. The salt has a very 
sweet taste ; it is stable in air and in light. At 100°, the salt is gradually 
darkened by the formation of silver sulphide ; and a similar product is obtained 
by the prolonged boiling of the aq. soln. K. Barth obtained silver sulphide, sulphur 
dioxide, and sulphuric acid by boiling the aq. or acidic soln. Hydrochloric acid 
slowly decomposes the aq. soln. in the cold. The salt is freely soluble in water, 
and in aq. ammonia ; the salt is soluble in aq. alcohol. J. E. W. Herschel, 
A. Rosenheim and S. Steinhauser, and E. Cohen obtained sodium silver thiosul- 
phates Na2S203.Ag2S203, or NaAgSaOs, or Na[Ag(S203)], from a soln. of silver 
chloride to a soln. of sodium thiosulphate ; on evaporation, the first crop of crystals 
may contain, the trithiosulphate. C. Lenz obtained it by adding neutral silver 
nitrate soln. to one of sodium thiosulphate so long as a precipitation occurs. 
A. Rosenheim and S. Steinhauser failed to confirm this. A. Sch wicker evaporated 
over sulphuric acid a mixture of sodium thiosulphate and an ainmoniacal soln. 
of a silver salt. A. and L. Lumiere and A. Seyewetz, and C. Lenz obtained a mono- 
hydrate ; and the former also a dihydrate by allowing the filtrate from a soln. of 150 
grms. of crystaHine sodium thiosulphate and 58 grms. of silver chloride to stand 
in darkness. A. Steigmann studied the reduction of sodium silver thiosulphate 
by sodium hyposulphite, and found the reduction occurs more rapidly in alkaline 
than in neutral soln., since neutral soln. became acidic owing to the decomposi- 
tion of the hyposulphite 2Na2S204=Na2S205+Na2S203 ; and Na2S205-|-H20 
=2lfaHS03. . The silver from alkaline soln, coagulates more rapidly than the 
blackish-blue silver from acidic soln., which sediments very slowly and yields a 
precipitate which is deep black in colour. The silver from alkaline soln. is greyish- 
black, and when rubbed on paper takes on a bronze appearance. The reduction 
occurs much more rapidly in the presence of a little potassium iodide than in alkaline 
soln,, and more rapidly still in alkaline soln. containing a little potassium iodide. 
In all cases, the reduced silver is at first colloidal, which rapidly coagulates: In 
the alkaline soln., the sol remains yellowish-brown in colour until coagulation 
sets in, hut in all other cases the sol becomes reddish-blue very rapidly. The 
white, tabular crystals of the anhydrous salt were found by A. Schmidt to be mono- 
clinic with the axial ratios a: h: c=0-6324 : 1 : 0-5716, and ^—90° 37'. The 
optic axial angle 2^=90° 11' for Li-light. The optical character is negative. 
A. and L. Lumiere and A. Seyewetz found that the salt blackens at 60°. The other 
observers found that the salt is sparingly soluble in cold water, and is decomposed 
by hot water ; it is freely soluble in aq. ammonia ; and in an aq, soln. of sodium 
thiosulphate ; dil. hydrochloric acid forms no silver chloride, but with hot sola., 
silver sulphide is precipitated. A. Rosenheim and 6. Trewendt prepared the 
sodium silver tetrathiosulpliate, Na5[Ag3(S203)4].3H20, as a freely soluble salt, 
by the method indicated above. A. Schwicker said that the sodium silver monam- 
ininotbiosulpliate» NaAgS203.NH3, is formed by adding alcohol to a mixture of 
sodium thiosulphate with an ammoniacal soln. of a silver salt. This salt was 
also made by J. Meyer and H. Eggeling. P. Jochum reported sodium silver hepta- 
thiosulphate, 6Na2S203.Ag.2S203.21H20, from a sat. soln. of silver chloride in a 
cone. aq. soln. of sodium thiosulphate ; but this has not been confirmed. 

J- E. W. Herschel precipitated a potassium silver thiosulphate hy adtog 
potassium hydroxide, or a potassium salt to a soln. of silver chloride and sodium 
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thiosulpliate. A. Rosenlieim and S. Steinhanser obtained potassium silver octo- 
tMosulpliates 5K2S.20;3.3x4.g2S203, by boiling a soln. of silver nitrate and potassium 
thiosulpliate for 15 minutes, making the liquid feebly alkaline with potassium 
carbonate, and allowing the filtrate to crystallize. E. Jonsson also obtained long, 
colourless prisms of this salt. The prismatic needles are sparingly soluble in water. 
J. Meyer and H. Eggeling obtained potassium silver ammiiioctotMosuIphate, 
5K2S2C^3 3Ag2S203.h^H3, in white needles, from an ammoniacal soln. of 1 *7 grms. 
of silver nitrate, and 2 grms. of potassium thiosulphate in a little water. E. Jonsson 
said that the ability to form additive compounds seems to depend on the presence 
of unused subsidiary valencies of the silver atom and is most marked in compounds 
of the type K2S2 ^3 -^82^2^3 5 is scarcely noticeable in the case of the salts 
2M2S2O3. Ag2S203 and 5M2S203.3Ag2S203. He confirmed the existence of the colour- 
less and yellow alkali silver thiosulphates observed by J. Meyer and H. Eggeling, 
but doubted whether their isomerism is explicable by assigning the respective 
formulae AgS.SO2.OK and KS.SO^.OAg, since their behaviour towards ethyl 
iodide indicates that the silver is attached to the sulphur atom in each case. The 
conversion is brought about by cautiously warming with water, but too drastic 
treatment leads to the formation of silver sulphide, sulphur dioxide, and sulphate. 
It appears, therefore, that the yellow compounds are intermediate products in the 
decomposition of the colourless salts, and the transformation is possibly explained 
by such a scheme as : K0.S02SAg->-K0-S.S02.Ag. E. Jonsson prepared -potesimn 
silver tritamminothiosulphate, 3KAgS2O3.NH3.2H2O. J. B. Cohen reported 
potassium silver trithiosulphate, 2K2S203.Ag2S203, from a soln. of two parts of 
potassium thiosulphate and one of silver nitrate made feebly alkaline with potassium 
carbonate. A. Rosenheim said that the product is the octothiosulphate ; hut 
E. Jonsson obtained colourless prisms of this salt by the action of silver nitrate on 
potassium thiosulphate in the presence of ammonia . If silver chloride be dissolved in 
cold cone. soln. of potassium thiosulphate, sparingly soluble potassium silver tetra- 
thiosulphate, 3K2S2O3.Ag2S2O3.2H2O, or K3[Ag(S203)2].H20, is formed. A. Rosen- 
heim and G. Trewendt obtained potassium silver tetratWosulphate, K5[Ag3(S203)4], 
by the method indicated above. A. Schwicker reported potassium silver monam- 
minothiosulphate, KAgS203.NH3, to be formed by mixing mol. proportions of soln. 
of potassium thiosulphate and silver nitrate ; dissolving the scaly crystals in hot aq. 
ammonia ; and cooling the soln . It was also obtained by adding potassium chloride or 
sulphate to an aq. soln. of sodium thiosulphate and an ammoniacal soln. of a silver salt. 

J. Meyer and H. Eggeling prepared rubidium silver trithiosulphate, 
2Rh2S2O3.AgoS2O3.3H2O, from a soln. of silver chloride and rubidium thiosulphate. 
The needle-like crystals are not hygroscopic, and are fairly stable in air ; they 
are sparingly soluble in water, and the aq, soln. is decomposed by heat. J. Meyer 
and H. Eggeling obtained in a similar way csesitoi silver trithiosulphate, 
2Cs2S2O3.Ag2S2O3.3H2O, A. Rosenheim and G. Trewendt prepared rubidium silver 
tetrathiosulphate, Rb5[Ag3(S203)4], by the method indicated above and found that 
it forms isomorphous mixtures with the corresponding potassium salt. J. Meyer 
and H. Eggeling also prepared yellow rubidium silver amminoheptathiosulphate, 
3Rb2S9O3.4Ag2S2O3.NH3 ; and white rubidium silver ammiriodithiosulphate, 
Rb2S2O3.Ag2S2O3.NH3, 

0 . L. Shinn obtained sodium cuprous silver hexaimninoetothiosulphate, 

5Na2S2O3.Cu2S2O3.2Ag2S2O3.6NH3, by mixing an aq. soln. of sodium thiosulphate 
into ammoniacal soln. of silver and copper salts. The tetragonal crystals have 
the axial ratio a : c=I : 0 * 8375 . A. Rosenheim and S. Steinhanser showed that 
ammonium thiosulphate soln. — unlike the sodium and potassium salts — dissolve 
silver chloride, forming* compounds containing chlorine. They obtained ammonium 
silver dichlorotetrathiosulphate, NH4CL4(NH4)2S203.AgCl, by saturating a soln. 
of ammonium thiosulphate with silver chloride, and concentrating over sulphuric 
acid in vacuo. The tetragonal crystals have the axial ratio a : c=l : 0 * 635596 , 
and are very stable. They can be dissolved without decomposition in cold water 
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or ammonia ; they yield a small quantity of silver sulphide when boiled witt 
water. Dil. acids decompose the salt, forming silver chloride and sulphide, sulphur 
and its dioxide, and hydrogen sulphide ; and alkalidye furnishes silver oxide and 
ammonia. The crystals of the corresponding ammonium silver dibromotetra- 
thdosiilphate, NH4Br.4:(NH4)2S203.AgBr, arc tetragonal with the axial ratios 
a : c=l : 0*62948, and are iaomorphous with the chloro-salt ; ammonium silver 
diiodotetrathiosulphate, NH4l.4(NH4)2S203.AgI, was prepared in a similar way. 
The same remark applies to the cyanide and thiocyanate. E. Brun also obtained 
the complex with the ammonium salt and silver iodide and thiosulphate. K. Bhaduri 
passed acetylene through an ammoniacal sola, of sodium thiosulphate and 
silver nitrate, and obtained a yellow precipitate which when washed and 
dried in air, had the composition sodium silver enneathiosulphate acetylide, 
2Na2S203.7Ag2S203.18Ag2C2.32C2H2. It is soluble in aq. ammonia but reprecipi- 
tated by acids ; the acid soln. decomposes giving off acetylene and sulphur dioxide. 
The yellow compound is stable in dry air, but is decomposed by water, forming 
red sodium silver henathiosulphate acetylide, YNa2S203.4Ag2S2O3.86Ag2C2.18C2H2, 

M. J. Eordos and A. Gelis ® obtained an acidic soln. of aurous thiosulphate 
by the action of dil. sulphuric acid on barium gold thiosulphate. The soln. 
can be evaporated in a desiccator to a syrupy liquid having the composition 
Au2S2O3.3H2S2O3.nH2O. M. Berthelot observed that a yellow, explosive product 
is produced when acetylene is passed into a soln. of aurous thiosulphate. 
J. A. Mathews and L. L. Watters showed that the product is aurous carbide. 
M. J. Eordos and A. Gelis prepared sodium aurous dithiosulphate, Na3Au(S203)2. 
2H2O, by stirring a soln. of one part of auric chloride in 50 parts of water with 
a soln. of 3 parts of sodium thiosulphate in 50 of water. The mixture is made so 
slowly that the red liquid becomes colourless before a new addition is njade. If 
an excess of auric chloride is added, auric sulphide is precipitated. The complex 
salt is precipitated by adding alcohol to the liquid. The salt can be purified 
by repeatedly dissolving it in water and precipitating it with alcohol. The re- 
action is represented : 8Na2S203+2AuCl3==3Na2S203.Au2S203+2Na2S406+6NaCl 
J. K. Gjaldbaek, and E. Keiding described the preparation of the salt; and 
H. Brown recommended the following process : 

A soln. of 41*2 grms. of hydrocbloroauric acid in 75 c.c. of water is added, drop by drop, 
to a 40 per cent. soln. of sodium hydroxide, until the liquid is faintly alkaline to litmus. 
Gold hydroxide is precipitated. The contents of the beaker are then added to a soln. of 
102 grnis. of hydrated sodium thiosulphate in 200 c.c. of water while the liquid is being 
mechanically stirred. After about 5 mins., and while stirring, is added slowly 42^-HN03, 
from a dropping funnel, at such a rate that the red colour produced by one drop is wholly 
or nearly discharged before the next drop enters. The red colour is due to the formation 
of a soefium salt of auric acid. About 45 c.c. of acid are needed. When about half this 
amount of acid has been added, nearly all the gold hydroxide will have dissolved. When 
the red colour is no longer produced, the reaction is ended. An excess of acid must be 
avoided. At the end-point, the soln. is nearly colourless, and is neutral to litmus. Stirring 
is continued for about 5 mins, until a faint ttirbidity appears due to sulphur or gold sulphide. 
The reactions are 83nnboli2ed Au2O3+4]Sra2S2O3+2H20=4K‘a0B:4-2Na2S40(iH-Au2O ; and 
Auj>0-f4Na:.S205-l-H20 = 2Na0H-l-2Na3Au(So03)2. The filtered soln. is treated with 
4 vols. of alcohol. The white precipitate, contaminated with sulphur, is filtered off, dis- 
solved in the least possible amount of water, filtered, and again treated with alcohol. Th® 
treatment can be repeated. Finally, the product is filtered on a suction funnel, and dried 
in the dark in a vacuum desiccator oVer sulphuric acid. 

H. Mollgaard assumed that the gold is attached to the oxygen as An**’, and that 
it can he prepared only by using gold in the tervalent form. This does not 
appear to he correct, because El. L. McCluskey and L. Eichelberger prepared this 
salt by adding a soln. of sodium thiosulphate to a soln. of csesium chloioauxate : 
CsAuCl4+4Na2S203^Na3Au(S203)2+Na2S406+3NaCl-fCsCl; or sodium chloro- 
aurite: NaAuCl2+2Na2S203-^Na3Au(S203)2“+2NaCL Whether the gold is 
attached to the oxygen or sulphur cannot be decided, because the salt probably 
exists in soln. in a tautomeric form : 


0^ 5.^8— An 


AuI2>S< 
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The salt is not very stable, but it can be preserved under anhydrous ether in 
the dark. H. Mollgaard registered this componnd by the trade name sanocrysin. 
and studied its relation to what he called the chemotherapy of tuberculosis, 

A. J. Gelarie and F. E. Greenbaum found that it is not reduced by ferrous chloride 
or sulphate, oxalic acid, or stannous chloride ; in soln., it is decomposed by light. 
Hydrogen sulphide precipitates auric sulphide. The colourless needles have the 
composition of the diliydmte indicated above ; C. Himly said that he obtained a 
fentahydrate, M. J. Fordos and A. Gelis found that the salt has a sweet taste ; 
it is not afiected hy heat at lOO"", but at 150"^-! 60° it loses its water of crystallization 
without decomposition ; at a higher temp , gold and sodium sulphate are formed. 
The salt is soluble in water ; insoluble in alcohol ; and sparingly soluble in aq^. 
alcohol : hydrogen sulphide, and soluble sulphides precipitate brown-gold sulphide ; 
iodine tincture in cone. soln. gives no precipitate because of the formation of 
sodium aurous iodide ; but in diL soln., aurous iodide is precipitated : 
2i2-[-31vra2S203.Au2S203=2AuI-f2NaI+2Na2S206. Hydrochloric, dil. sulphuric, 
or”organic acids do not precipitate sulphur, nor develop sulphur dioxide ; in the 
cold, nitric acid forms nitric oxide, sulphinic acid, and gold. There is no pre- 
cipitation of gold with ferrous sulphate, oxalic acid, or stannous chloride. Barium 
chloride forms the barium salt which is precipitated hy alcohol. According to 
X K. Gjaldbaek, its aq. soln. is ionized almost entirely into Na* and Au(S203)2''' 
ions ; further dissociation into S2O3"' and Au’ ions takes place only to a very small 
extent. Attempts to determine the ^jar value of the soln. gave results varying 
from 7*5 to 5*6, the irregularities being ascribed to the presence of impurities. 
H. Mollgaard discussed the use of this salt in the treatment of tuberculosis ; 
and J. F. Schemberg and C. S. Wright, in the treatment of lujpm erythematosus. 
P. Jochum prepared a more complex salt, soflium aurous neptathiosulphate^ 
6Na2S2O3.Au2S2O3.10H2O, by adding alcohol to a cold sat. soln. of sodium thio- 
sulphate and a neutral soln. of auric chloride. L. Cassella and Co. also prepared 
this salt. A. J. Gelarie and F. R. Greenbaum prepared it by slowly adding a cono. 
soln. of acidic chloride to a cone. soln. of sodium thiosulphate, slowly, and with 
constant stirring. 

The preparation of calcium tMosulpliate» CaS203.6H20, has been discussed 
in connection with sodium thiosulphate. Its occurrence in the sulphite liquor of 
the wood-pulp industry was discussed by R. SieberX J. F, W. Herschel, and 
J. Laneau obtained it by boiling a soln. of calcium hydroxide with sulphur, and 
passing sulphur dioxide into the liquid until it is decolorized ; and evaporating 
the liquid in vacuo or at a low temp. — J. F. W. Herschel said that the temp, should 
not exceed 60°. E. Kopp obtained it by boiling calcium sulphide with water and 
sulphur, and treating the soln. with sulphur dioxide as before ; H. Muller, by 
oxidizing a mixture of calcium sulphide and magnesium hydroxide ; T. Graham, 
by oxidizing calcium sulphide in air ; and E. Divers and T. Shimidzu added that 
only a little thiosulphate is formed when air is passed through a soln. of the hydro- 
sulphide ; they suggest that hydroxyhydrosulphide is formed by hydrolysis, and 
that it is the hydrogen sulphide which first oxidizes and the products of the action 
react with the hydroxyhydrosulphide to form thiosulphate : Ca(SH)(0H)4-202 
+H2S:=:2H20+CaS203. If the hydrogen sulphide liberated by calcium penta- 
snlphide, in contact with water, is allowed to escape, the remaining tetrasulphide 
is not oxidized by free oxygen ; but if the soln. and air are left in contact in closed 
vessels, the hydrogen sulphide is oxidized as fast as it is formed, and the oxidation 
products react with the pentasulphide and sulphur : CaS5+2H20~Ca(SH)(0H} 
+3S-)-H2S. B. Divers and T. Shimidzu prefer this formulation of the reaction to 
2CaS5-h302=2CaS20s+6S. E. Donath and F. Muller oxidized the sulphide with 
manganese dioxide — vide supra, sodium thiosulphate. F. Kessler obtained calcium 
thiosulphate hy treating 7 grms. of calcium chloride with a hot, cone. soln. of 8 
parts of sodium thiosulphate ; sodium chloride separates out as the soln. cools. 
The liquid is then concentrated at 50° and cooled for the crystallization of the 
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calcium thiosulphate. The reaction S+GaSO3.2H20;?^CaS203aq.+2Ho0 is a 
balanced one ; and F. R. Bichowsk}’- found the equilibrium cone, at 141° 122° 
110 °, 100°, and 79*8° to be 0-2665, 0*417, 0-618, 0*713, and M20 mols per litre 
respectively with colloidal sulphur above 122°, monoclinic sulphur at 110°-100° 
and rhombic sulphur at the lower temp. ’ 

. . 414° 393° 383° 373° 352° 

log K . -2-971 —2-630 —2-334 —2*221 —1-881 

-68-6R log Ji— 1945+14-02T log T+0-00235T2+68*6r. E, E. Bichowsky re- 
commended the following process : 

A cone. soln. of calcium chloride is added to a cold cone. soln. of sodium thiosulphate. 
Sodium chloride separates out. The crystals of calcium thiosulphate can then be 
fractionally crystalhzed by adding alcohol, redissolving the precipitate in water and 
reprecipitating with alcohol. This method works well with small quantities if a trace of 
alcohol is no objection. For large quantities, the best method is to dissolve 510 grms. of 
crystallized sodium thiosulphate in 465 grms. of water, then add, with constant stirring, 
350 grms. of finely crystallized calcium chloride dihydrate. The temp, of the soln. should 
not rise above 60° during this process. The soln. is allowed to stand overnight, and the 
clear liquid is decanted through a larger filter, and cooled to 0° or — 10° and allowed to 
crystallize. Prepared in this way, the crystals contain only a small amount of sodium 
chloride as an impurity, from which they can be freed by recrystallization. The solid 
salt dehydrates rapidly at room temp., also decomposing into sulphur and sulphite at the 
same time. In contact with its sat. soln. it is stable for several weeks at 25°. At 0°, it 
is apparently indefinitely stable. The 2M-a6\ii. is stable up to about 35°, and is the most 
convenient form in which to keep the salt. 

The transparent, six-sided crystals were found by V. von Zepharovich to belong 
to the triclinic system, and to have the axial ratios a:b : c=0*7828 : 1 : 1*5170, 




Figs. 125 and 126. — ^Equilibria in the System: CaS2O3 4-2NaISrO3;F^Naj>S5jO3+0a{N03)2, 

at 9° and 26°. 

and a=72° 30', jS=98° 34', and y— 92° 45-| The {100)-cleavage is perfect. 
W. T. Asthury found that the X-radiogram corresponded with a space lattice 
having two mols of CaS203.6H20 per unit cell. F. W. Clarke found the 
sp. gr. at 13*5° to be 1*8175 ; and at 16°, 1*8728. J. F. W. Herschel found that 
the crystals effloresce in vacuo over sulphuric acid at ordinary temp., and in arr 
over 40°. E. Kopp found that the crystals cannot be kept in a closed vessel without 
decomposing into sulphur and calcium sulphite ; and J. F. W. Herschel observed 
a similar resialt with a cone., aq. soln. over 60°. C. F. Rammelsberg said that when 
the salt is heated out of contact with air, water and sulphur are given of, 
while a mixture of calcium sulphide, sulphite, and sulphate remains; and, 
according to A. Forster, this mixture is phosphorescent. The heat of the reaction 
CaS2O3(0*2127 mol per litre) =GaS08.2H20-fSrhomi)ic"”6300 cals.; the heat of 
dilution is 22*5)/(0*107-4-0*00168w) cals., where n is the number of mols 

of water in the final soln, per mol of thiosulphate. For soln. with Af-mols per litre : 

M . . 1*750 1-3234 0-888 0-447 0-213 

Sp. ht. . . 7-004 0*769 0^840 0-918 0*954 
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0. Stelling studied the absorption spectrum of X-rays. C. Pape gave 2*09° for 
the rotary polarization of the crystals. J, F. W. Herschei found that water dis- 
solves its own weight of the salt at 3° ; and a part of the calcium is precipitated 
from the aq. soln. by potassium carbonate ; and the remainder is precipitated 
when the soln. is heated. F. R. Bichowsky gave 2*28 grms. per litre for the 
solubility of the hexahydrate at 25°. R. Kremann and H. Rodemund studied 
the equilibrium in the reversible reaction CaS203+]SraoC03^Nac>S^03+CaC03 ; 
in CaSsOg + ^3804 ^ NagSgOs + CaS04 ; and in CaSgOs -f 2NaN03 = Ca(E 02)2 
+Na2S203. The results with the last-named reaction, at 9° and 25°, are sum- 
marized in Figs. 125 and 126. 

The point A refers to NaNO^ ; R, to Ca(N03)2.4H20 ; C, to CaS.Os.eHaO ; D, to 
ISTa^SaOs^SHoO ; £J, a sat. soln. of both IsTaNOa and Ca(N03)2.4H20 ; H, & sat. soln. of 
both CaN03.4H20 and Ca2S203.6H20 ; -P, a sat. soln. of both NaNOg and ISTaoSaOa.SH^O ; 
and <?, to a sat, soln. of both NaoSgOa.hHoO and CaSoOg-BHaO. The curves AE, and 
AE refer to soln. sat. with NaNOg with increasing proportions respectively of Ca(i!r03)2 
and Na2S203 ; BE, and BH, to sat. soln. of Ca(N03)2.4H,0 with mereasing proportions 
respectively of NalSTOg and CaS^Oj ; CHy and CG, to sat. soln. of CaS^Oa.BHoO with 
increasing proportions respectively of Ca(N03)2 and NagSoOs ; and DG^ and DE, to sat. 
soln. of jN'agSaOg.SHaO with increasing proportions of CaSgOg and NaNOg respectively. 
The area EBHP refers to the sat. soln. Ca(lSr03)2.4H20 EPR^R^EA, to ISTaNOg ; 
EE^RiGD, to ISTaaSsOg.SHaO ; OCHPR^R^, to CaS^Og-GHoO ; and R^RoRi, to the triple 
salt“Ha3Ca(S203)2(N03).llH20. 

J. F. W. Herschei, and F, Kessler obtained strontium thiosulpliate, SrSsOa, 
as in the case of the calcium salt. The liquid is filtered from any carbonate or 
sulphate, and on evaporation, J. L. Gay Lussac obtained rhombohedral crystals ; 
and by adding alcohol, T. von Grotthus obtained a crystalline mass. F. Kessler 
mixed a hot, cone. soln. of strontium chloride or nitrate with the calculated quantity 
of sodium thiosulphate, and obtained the strontium thiosulphate hy evaporation 
or by adding alcohol — ^methyl alcohol for preference, added S. Kern. Two hydrates 
have been reported. F. Kessler said that prismatic crystals of the monohydreUe 
are produced when the aq, soln. is evaporated above 50° ; and the pentahydrate 
is obtained below that temp, and, accor^ng to R. Portillo, hy crystallization from 
alcohol. The analyses of C. F. Rammelsherg, J. C. G. de Marignac, and E. A. Letts 
show that the crystals are pentahydrated and not hexahydxated as supposed by 
F. W. Clarke. A. Fock and K. Kliiss found the monohydrate furnishes monoclinic 
crystals with the axial ratios a th: c== 1-2946 : 1 : 2*584, and jS=107° 32'. Twinning 
occurs about the (lOO)-plane. J. 0. G. de Marignac, and C. F. Rammelsherg found 
that the monoclinic crystals of the pentahydrate have the axial ratios a:b:c 
=1*2946 : 1 : 2*5848, and ^=107° 32'. Twinning occurs about the (OOl)-plane, and 
the (OOl)-cleavage is perfect. C. Pape gave 1*64° for the rotary polarization of the 
crystals. F. W. Clarke gave 2*1566 to 2*1991 at 17° for the sp. gr. of the crystals 
of the pentahydrate. R. Portillo gave 2*202 for the sp. gr. of the pentahydrate 
at 25°/4°, and 2*916 for that of the monohydrate at 25°/4°. The moL voL of the 
contained water is 14*22. J, L. Gay Lussac said that the crystals taste insipid at 
first and afterwards appear sulphureous ; they are neutral to vegetable colours ; 
and are permanent in air. On the other hand, J, C. G. de Marignac found that the 
crystals slowly efiGLoresce in air, and crumble to dust. According to J. L. Gay 
Lussac, the water of crystallization is expelled between 50° and 60°, and at higher 
temp., the salt forms strontium sulphide and sulphate, with the separation of sulphur. 
C. F. Rammelsherg, however, found that the salt does not part with all its water at 
60°, and that it even retains 6 per cent, at 180°. At a higher temp., it is resolved 
into a mixture of strontium sulphide, sulphite, and sulphate, with the loss of water, 
sulphur, and sulphide dioxide — ^the residue, according to A. Forster, is 
phosphorescent. J. L. Gay Lussac said that 100 parts of cold water dissolve 16*67 
parts of salt ; W. Autenrieth and A. Windaus, 27 parts of salt at room temp. ; and 
J. F. W. Herschei, 25 parts of salt ai 4°. R- Portillo found that the percentage 
solubility of the pentahydrate at 0°, 12-8°, 27-5°, and 40° is 8-78, 13*82, 21*10, and 
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26-80 ; tie mol. ieat of soln. is —7*34 cals. ; and for tie monoiydrate, 2*38 cals. * 
tie heat of hydration of tie pentahydxatc, starting from the monohydrate, is 
9*7 cals. J. L. Gay Lussac said that nitric acid converts the salt into tie sulphate, 
H. Rose obtained barium thiosulphate, BaS^Os, by crystallization from a soln*. 
of barium sulphide exposed to air ; E. A. Letts, and A. Forster by cooling a hot 
soln. of barium chloride or acetate and sodium thiosulphate — the addition of alcohol 
precipitates more barium thiosulphate from the soln. ; and T. Gurtius and F. Henkel, 
by treating Wackenroder’s liquid with barium carbonate, and adding alcohol to 
the filtrate which is then cooled for crystallization. A. Sobrero and F. Selmi 
found that it is precipitated by alcohol from its aq. soln. According to B. G. Brodie, 
when barium dioxide is triturated with a mixture of carbon disulphide and 
water, a yellow liquid is obtained which when allowed to stand slowly deposits 
barium carbonate-— rapidly if boiled — and, if an excess of the dioxide is present, 
the liquid contains barium thiosulphate. The rhombic needles or plates of mono- 
hydrated barium thiosulphate were found by H. Backstrom to have the axial ratios 
a:h: c=0-7304 : 1 : 0-7248 ; the (OlO)-cleavage is perfect, and the (OOl)-cleavage 
distinct. F. W. Clarke gave 3*4461 for the sp. gr. at IG"", and 3-4486 at 18°. 
H. Rose, E. A. Letts, and T. Curtius found that crystals of the monohjdmte are 
obtained at ordinary temp., hut, when dried at 100°, or after standing over sulphuric 
acid, E. A. Letts, and T. Curtius found that the anhydrous salt is obtained ; while 
C. F. Rammelsberg, and C. Pape said that the water is expelled only when heated 
over 170°. H. Rose said that when the crystals are heated in a closed vessel, 
water, hydrogen sulphide, and sulphur are given off, while a mixture of barium 
sulphide and sulphate remains ; and C, F. Rammelsberg observed that the salt 
dried at 170° loses at a red-heat water and sulphur, but not hydrogen sulphide or 
sulphur dioxide, and leaves a sintered mixture of barium sulphide, sulphite, and 
sulphate which A. Forster found to be luminous. H. Rose observed that the salt 
is sparingly soluble in water ; and W. Autenrieth and A. Windaus, that at room 
temp., 100 parts of water dissolve 0-208 part of salt. According to A. Naumann, 
it is insoluble in acetone ; and also insoluble in alcohol. W. Spring found that 
sulphur monochloride converts the thiosulphate into pentathionatc ; and G. Chancel 
and E. Diacon, that cupric sulphate forms copper tetrathionate which rapidly 
decomposes. Y. J. Sihvonen found maxima in the ultra-red reflection spectrum 
at 9*3/x, 10-4jLt, 15-0/x, and 18*2ju. 

K. Diehl found that a sat. soln. of sodium thiosulphate dissolved some calcium 
sulphate, and alcohol precipitates an oily liquid which later crystallizes, forming 
sodium calcium thiosulpliate. A. Fock and K. Kliiss prepared barium dichloro- 
tbiosulphate, BaCl2.BaS2O3.2H2O, from a soln. containing the component salts. 
R. Kremann and H, Rodemund prepared the triple salt : sodium calcium nitrato- 
dithiosulphate, NaN08.Na2S203.CaS203.11H20, from a mixture of the component 
salts in the regions of stability indicated in Figs. 125 and 126. The solubility, S 
per cent, of anhydrous triple salt, is : 

1® 0° 15“ 20“ 25“ 27“ 28“ 30“ 33° 

S . . 42*14 43*61 46*29 50*40 56*28 58*86 60*99 63*30 58*43 

' •*"' — " " ' V ^ V ^ 

0alira3(]SrO3)(S2O3)a Decomposition 

The results are plotted in Fig. 127. The region of decomposition refers to 
the reversible reaction : Na3Ca(N03)(8203)2.11H20^NaN03 + Na2S203.5H20 
+CaS203.6H20. A. Fock and K. Kliiss, and G. Wyrouhoff obtained potessiinn 
'calcium thiosulphate, 3K2S203.CaS203,5H20, by evaporating a mixed soln. 
of the component salts. The monoclinio prisms have the axial ratios 
a lb: c==l*7010 : 1 : 0*8931, and ^=99° 58', A, Fock and K. Kliiss also made 
potassium s^ntium thiosulpliate, K2S2O3.SrS2O3.5H2O. J. F. W. Herschel, and 
A. Rosenheim and S. Steinhauser made cuprous calcium thiosulphate — ^possibly 
2CaS203.Cu2S203.7^H20— by mixing soln. of calcium thiosulphate and copper sul- 
phate, or by digesting the soln . of calcium thiosulphate with copper carbonate. When 
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the soln. is mixed with an excess of ammonia, it becomes blu(‘ on expoburc 
to air. C. F- Eammelsbcrg, and J. B. Cohen obtained a complex salt b}" treating 
potassium cuprous thiosulphate soln. with barium chloride , 

A. Rosenheim and A. Steinhauser obtained white, amor- 
phous tetrahydraied cnprons barium trithiosulphatej 
2BaS2O3.Cu2S2O3.4H2O, from a cold sat. soln. of the am- 
monium complex salt and barium chloride, and drying the 
product in air ; if the sodium complex salt is used, G. Vort- 
mann found that the heptahydrate is formed as a white 
precipitate sparingly soluble in water, but soluble in hydro- 
chloric acid. J. F. W. Herschel made silver strontium 
dithiosulphate, SrS203-Ag2S205.2H20, by the action of a 
soln. of strontium thiosulphate on silver chloride; and 
K. Barth, by adding strontium chloride to a soln. of sodium ^ a(S2t)3)2( 3). 

silver trithiosulphate, when iridescent crystals appear in a short time. He also 
obtained silver barium trithiosulphate, SBaSgOs.AgsSgOs, in an analogous way. 
M. J. Fordos and A. Gelis prepared gold barium thiosulphate, as a precipitate, by 
mixing aq. soln. of sodium gold thiosulphate and barium chloride, and adding 
alcohol. The product is slightly soluble in water, and insoluble in alcohol. 

F. J. Faktor » prepared beryllium thiosulphate, BeS203.11H20, by crystalliza- 
tion from the soln. obtained by mixing sodium thiosulphate and beryllium sulphate 
— mde mfra, aluminium thiosulphate. J. F. W. Herschel, and C. F. Rammelsberg 
obtained magnesium thiosulphate, MgS203.6H20, by boiling an aq. soln. of magne- 
sium sulphate with flowers of sulphur, but tbe product is difficult to free from 
sulphide and sulphate. E. A. Letts obtained it by double decomposition with 
magnesium sulphate and strontium thiosulphate — barium thiosulphate can 
used. The filtrate is evaporated over cone, sulphuric acid when rhombic prisms 
are obtained. A. Fock and K. Kltiss foun(i the axial ratios of the rhombic 
bipyramids to be a : b : o=0*7674 : 1 : 0*7294, and F. W. Clarke gave 1-818 for the 
sp. gr. F. Kohlrausch and L. Holborn represented for the eq. electrical con- 
ductivity, A, of soln. with an eq. of the salt in v litres : 

V .. 32 64 128 256 512 1024 

A . . 94-1 105-1 113-9 122-2 128-8 135-2 

P. Walden made observations on this subject. C. F, Rammelsberg said that the 
crystals are stable in air ; they lose about half tbeir water of crystallization ; and 
E. A. Letts said that about 3 mols. are lost at 100°. C. F. Rammelsberg found 
that when strongly heated, the salt gives ofi water, sulphur, and sulphur dioxide, 
the residue sinters, forming a mixture of magnesium oxide, sulphite, and sulphate. 
The salt is freely soluble in water, and alcohol precipitates an oily liquid from 
the cone. aq. soln. F. Kessler prepared ammonium magnesium thiosulphate, 
(NH4)2S203.MgS203.6H20, by double decomposition with ammonium magnesium 
sulphate and strontium thiosulphate, and cooling the cone. soln. below 0° ; a cone, 
soln. of the component salts also yields, at 35°, prismatic, non-hygroscopic crystals 
which lose no water in vacuo, or over sulphuric acid. The monoclinie prisms 
have the axial ratios a ; 6 : 0=0-6422 ; 1 : 0-9238, and ^=105° 341 The (101)- 
cleavage is perfect. F. Kessler, C. F. Rammelsberg, and A. Fock and K. Kliiss 
prepared crystals of potassium magnesium thiosulphate, K2S20^.MgS203.6H20, 
in monoclinic tabular or prismatic crystals from a soln. of the component salts. 
The axial ratios given by A, Fock and K. Kliiss are aih: c=2*0001 : 1 : 1*0474, 
and ^8=107° 31'. J. Meyer and H. Eggeling obtained rubidium magnesium thio- 
sulphate, Rb2S203,MgS203.6H20, from a soln. of the component salts. The 
transparent columnar crystals are freely soluble in water ; similarly with caesiimi 
magnesium thiosulphate. Cs2S2O3.MgS2O3.6H2O. 

W. Hampe ^ reported the presence of some hydrated zinc thiosulphate, 
Zn8203.wH20, in the flue dust of a zinc furnace. A. F. de Fourcroy and L. N. Vaii- 
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queliii obtained crystals of zinc sulphite mixed with those of zinc thiosulphate 
when sulphurous acid acts on zinc : 2Zn+3H2S03=ZnS03+ZnS203+3HoO • 

F. Wohler said that a mixture of zinc sulphide and sulphate are formed by "the 
action of sulphurous acid on zinc ; E. Mitscherlich said that the products of the 
action are zinc sulphite which crystallize out, and zinc thiosulphate which remains 
in soln., and, added J. J. Berzelius, and G. J, Koene, if the acid becomes very hot 
hydrogen sulphide is formed and some of the zinc in soln. is reprecipitated. 
H. Risler-Beunat said that some pentathionate is also formed during the reaction. 
According to W. E. Henderson and H. B. Weiser, when freshly precipitated iron, 
zinc, or manganese sulphide is suspended in water and a current of sulphur dioxide 
introduced, the sulphide rapidly dissolves, and the sulphite of the metal is gradually 
deposited, the reaction being represented by the equation : MS-f-IIgSOg 
=MS03+H2S. On continuing to pass sulphur dioxide into the mixture, the 
sulphite dissolves to form the hydrosulphite. If the soln. of the hydrosulphite 
is boiled, the sulphite is re-deposited. The soln. now contains thiosnlphate, which 
is produced by the action of sulphur, formed by the interaction of sulphurous acid 
and hydrogen sulphide, on the hydrogen sulphite, thus : M(HS03)2+S==MS203 
-fH20-l-S02. These and other experiments show that the reaction between 
snlphurous acid and the sulphides of zinc, iron, and manganese is a double decom- 
position of the usual type, and that, in so far as the conditions lead to the oxidation 
of the liberated hydrogen sulphide by the sulphurous acid, a certain amount of thio- 
sulphate is produced by a secondary reaction. 

J. J. Berzelius obtained zinc thiosulphate by the action of sulphur on a soln. 
of zinc sulphite confined in a closed vessel ; C. E. Rammelsberg, by passing sulphur 
dioxide tlmough water with freshly precipitated zinc sulphide in suspension — 
dissolution takes place with difficulty, and is attended by the deposition of sulphnr ; 
C. F. Rammelsberg filtered the soln. remaining after zinc sulphate has reacted 
wnth barium thiosulphate — A. Rosenheim and I. Davidsohn added the powdered 
barium salt to the soln. of zinc sulphate, and agitated the liquid for some days 
at the ordinary temp. The salt is so easily decomposed that it has not been obtained 
in the solid state ; and M. J. Fordos and A. Gelis observed that if the colourless 
and odourless soln., which is not precipitated by alcohol, be evaporated at ordinary 
temp, in air or in vacuo, zinc sulphide is deposited when the soln. has become con- 
centrated, and zinc trithionate remains in soln., while C. F. Rammelsberg said that 
sulphur is precipitated, and zinc sulphate remains in soln. According to C. J. Koene, 
if ether be added to the aq. soln., an oil is precipitated, and this dries in vacuo to 
a gummy mass. C. F, Rammelsberg added that if the aq. soln. of zinc thiosnlphate 
be sat. with ammonia, and absolute alcohol added, white needles of zinc diam- 
mmotliiosulpIiate» ZnS203.2NH3, are formed. This salt is hydrolyzed by water. 
F. Ephraim and E. Bolle obtained 2dnc triainniinotliiosulphate,ZnS206.3NH3.^2H20, 
by saturating a soln. of zinc thiosulphate with ammonia ; and zinc pentammino- 
tMoSPlphate, ZnS203.5NH3.74H20, by treating the dry salt with ammonia. A. Rosen- 
heim and I. Davidsohn prepared ammoniumzinc thiosulphate, (NH 4 ) 2 Zn(S 203 ) 2 -H 20 , 
in white, prismatic crystals, from aq. soln., and likewise potassium zinc thio- 
sulphate, K2^^(S203)2.H20. Both salts are very soluble in aq. soln., and give the 
ordinary reactions for zinc. 

G. Vortmann and C. Padberg prepared cadmium thiosulphate, CdS203.2H20, 
by triturating a mixture of stoiohiometrical proportions of cadmium stilphate and 
barium thiosulphate with a little water, and mixing the filtrate with alcohol. 
A. Fock and K. Kliiss used strontium thiosulphate, and used a mixture of alcohol 
and ether as the precipitant. The yeUowish-white, monoclinic crystals have the 
(OlO)-cleavage nearly complete. The crystals slowly decomposed when kept in 
closed vessels — ^more rapidly when heated — forming cadmium sulphide and sulphate, 
and sulphur dioxide. A, Fock and K. Kliiss obtained monoclinicprisms of ammonium 
cadmium dithiosulphate, (NH4)2S203.CdS203, by adding alcohol to a sola, of 2 mols 
of cadmium acetate and 3 mok of ammonium thiosulphate. The axial ratios are 
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a:h: c=0*82i6 : 1 : 1*55603 and Tiie basal cleavage is complete. 

By keeping the molar ratio of tke constituents 1 : 4 respectively, mofiohydrated 
ammoniiim cadmium tekatMosnlphate, 3(IsrH4)2So03.CdSo03.H2b3 is formed in 
rliombic crystals with, tbe axial ratios aih: c=0*4317 : 1 : 0*4187 ; and witK the 
proportion 1 : 4 to 7, the trihydrate is formed in monoclinic plates with the axial 
ratios a:h: o=0*9760 ; 1 : 1-00263 and ^=96° 15h By mixing an excess of sodium 
thiosulphate with cadmium acetate, trihydrated trisodiiim cadniiran tetratMo* 
snlpliate, 3iTa2S2O3.CdS2O3.3H2O, is formed in yellow, deliquescent, triclinic 
crystals ; G. Vortmann and C. Padberg obtained yellow plates of the enneahydrate 
by adding alcohol to a sola, of cadmium nitrate and an excess of sodium thiosulphate, 
and rubbing up the oil with alcohol. The crystals lose 4 mols. of water over cone, 
sulphuric acid. A. Fock and K. Kltias prepared the kexahydrate by adding alcohol 
to a soln. of cadmium acetate and an excess of sodium thiosulphate. P. Jochmii 
said that at least 3 parts of a cold sat. soln. of sodium thiosulphate are heeded for 
2 parts of a similar soln. of cadmium acetate. The yellow, monoclinic plates have the 
axial ratios a:h: c=l*136 : 1 : 0*3492, and ^=103'" 35'. The (010) -cleavage is com- 
plete. The crystals lose all their water in vacuo over sulphuric acid ; they decom- 
pose at 90'^, and are very soluble in water ; the salt is hydrolyzed by boiling the 
aq. soln. G. Vortmann and C. Padberg added alcohol to soln. of equal parts 
of cadmium nitrate and sodium thiosulphate, and obtained yellowish-white 
needles of sodium dicadmium trithiosulpliate, Na2S2O3.2CdS2O3.7H2O ; and with 
a soln. of these salts in molar proportions, so^um tricadmium tetratIiiosiilplmte 5 
Na2S2O3.3CdS2O3.9H2O. A. Fock and K. Kliiss could not prepare this salt. 
H. Euler found that although sodium cadmium dithiosulphate* Na2S203.CdS203, 
has not been obtained in the solid state, it is probably present in soln., and the 
equilibrium constant E for [Cd][S203]2[Na2S203]=jBi[CdNa2(S203)4] is 3*5 X lO”® 
to 5xlCr^. 

A. Fock and K. Kliiss prepared potassium cadmium octothiosulphate, 
5 K 2 S 20 s. 3 CdS 203 , by mixing equal vols. of cone. soln. of cadmium acetate and 
potassium thiosulpliate. The salt cannot be recrystallized from water without 
decomposition. The monoclinic crystals have the axial ratios a :h:c 
=1*3203 ; 1 : 0*9565, and ^=92"^ 26'. They also made potassium cadmium tetra- 
thiosulphate, 3 K 2 S 2 O 3 .GdS 2 O 3 . 2 H 2 O, by adding alcohol to a soln. of 6 mois of potas- 
sium thiosulphate and a mol of cadmium acetate. The colourless, monoclinic 
prisms have the axial ratios a : 6 : c=l*5103 : 1 : 0*9631, and ^8=100° 39'. The 
salt can be recrystallized from water without decomposition ; over sulphuric acid, 
in vacuo, it loses a mol. of water. By treating a mixed soln. of calcium thiosulphate 
and cadmium acetate with alcohol, a gummy mass of calcium cadmium thio- 
sulphate is formed ; but yellow plates of strontium cadmium tetrathiosulphate, 
3 SrS 2 O 3 .CdS 2 O 3 . 10 H 2 O, can be obtained under similar conditions. They quickly 
lose 5 mols. of water over sulphuric acid, and 2 mols. more are given ofi slowly. 
An aq. soln. of a mol. of cadmium sulphate and 2 mols. of barium thiosulphate, 
yields triclinic crystals of barium cadmium trithiosulphate, 2 BaS 2 O 3 .CdS 2 O 3 . 8 H 2 O. 
They have the axial ratios a : b : c=0*9871 : 1 : 0*8595, and a=80'^ 15', 
jS=91° 37', and y=57® 50'. If the jSltrate obtained in the preparation of this 
salt be treated with alcohol, triclinic plates of barium cadimum tetrathio- 
sulphate, 3 BaS 2 O 3 .CdS 2 O 3 . 8 H 2 O, are formed having the axial ratios a:b:c 
=0*6997 : 1 : 0*6441, and a==94^ 18', ^8=91*^ 18', and y=79° 11'. 

Our knowledge of the mercury thiosulphates is in an unsatisfactory state — 
vide supra, the chemical properties of the thiosulphates. F. J. Faktor found 
that aq. soln. of mercurous or mercuric salts are precipitated at the b.p. by sodium 
thiosulphate, with formation of mercuric sulphide. One mol of sodium thio- 
sulphate corresponds with a mol of mercuric chloride. B. Behrend made some 
electrometric observations on soln. supposed to contain mctcUTOUS thiosulphEto, 
Hg 2 S 203 , but the salt itself has not been isolated. C. F. Rammelsberg was unable 
to isolate mercuric thiosulphate, HgS 203 , and the salt is known only when 
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with <)th(‘r t }ii(j.siilj)liat(‘s as a rojiiph'x salt. 11. Dnvser said that in tlieso 
salts, tlif' HK'rciirv is |)i-(‘S(‘n1 as a {‘i)\\\\)]('\viidic\(\forn\ii]<^//i/dr<>)iu‘)'ciiii/hi08ulphurk 
acid, H_,ll,u(S20,j)_> G.S. Kircliholl |>r(‘|)anMl what h(‘ ragaidad as a, coinplex salt 
with aninHniiiiHi t luosnlpliutr , and (’. R. Hanuindsbarg louud that. JiKavuric 
oxidn (lis.sol\('s in a soln. ot aimnoniuiu t huxsulpliatt^ with the (‘volution of heat 
and tlio addition of alroliol furnishes ammonium mercuric pentathiosulphate^ 
4(Nn4)2!S2 t 21LO. The (‘olourl(\ss <*ryvStals rc'adily decompose; tliey 
bf^come grey in iigfit ; and tin aip sola. pr(‘ci[)itat(‘s black mercuric sulphide when 
boil(‘d. H Hirx(d ('ould only obtain an impun' salt by (h F. "Ranimelsberg's pro- 
C(‘ss, and PI. Egg(‘ling .said that the product is a solid soln. of the component tliio- 
sulpliates. J. hjchnanss niixinl moist mercurous chloride with a soln. of sodium 
tliiosulpliate. and found that alcohol add(‘d to the eunc. and filtered soln. gave oily 
drops of sodium mercurous thiosulphate, which ultimately form a mass of crystals. 
Idle salt a(*<juir(‘s a him of orange-yidlow iniTcurie su}])hide, which soon blackens 
in light The salt is v(‘ry (h‘li(iu(‘S(Mnit, and veuy soluble in wmter. The aep 
soln. wlu-n boiled d(‘posLts mercuric sulphich' According to J. F. W. Henschel, 
miu'cnnc oxide djss;olv(‘s in a soln. of sodium thiosulphate, and when the soln. is 
evaporatc'd it Ix^conu'S turbid and deposits nuTCiino sulphide ; and, according to 
C F- Ranumdsherg, alcohol jin'mjiitales from tlie soln. an oily liquid which on 
standing slowly diqiosits m<‘reurie siilplndh^ The solid was not isolated, but the oily 
liquid corresj)onds with sodium mercurous thiosulphate, Na2S2O3.Hg2S2O3.wH2d. 
Winm boiled with watiT, W. Spring said that mcuTuric sulphide and sodium tri- 
thionat(‘ an^ formed. G. S. Kirehholf dissolved 2 parts of mercuric oxide in a soln. 
of J [larts of potassium tliiosulpliate in 24 parts of liot water; wlnuithc filtered soln. 
is cooled, crystals of potassium mercurous octothiosulphate, 5 K 2 S 2 O 3 . 3 Hg 2 S 203 , 
s(‘})arate out. (1 F. Rammelslx'rg added that in this mode of preparation, the 
soln should nor b(‘ boilcxl, or in(‘r(‘urie sulphide will be precqiitated, and if mercurons 
oxid(‘ IS used, metallic immeury remains undissolved. A. Fock and K. Kliiss 
obtained the* salt by ('vaporating tin* soln. on a water-bath ; and J. M. Ed(‘r and 
G. Ulm pri'cipitated the salt by adding alcoliol to a soln. of mercuric iodide in a 
soln. of potassium thiosul])hat(‘. The colourless plates were found by A. Fock 
and K. Kliiss to lx* monoclinic w'ith the axial ratios a : h : 0—0-332 : 1 : 0-318, and 
^ f)!'. H. Eggt‘]ing supposi'd the crystals are a solid soln. of the component 
salts. G. S- Kirchliolf said that the crystals liave a bitter taste which afterwards 
appiairs nx'tallie ; tlxy do not redden turmeric, and they become grey when dried. 
Th(‘y do not <dllores(*i‘ in air, and when heated alone tiny form sulphur and its 
dioxide, mercury and its sul{)hi(le, and potassium sulphate^. ; and when distilled 
with water they fnrnisli sulphurous acid, mercuric sulphide, sulphur, and potassium 
sulphate. 0. F. Rannmdsberg said that the crystals turn black when exposed to 
light ; hut A. Fock and K. Kliiss observed no blackening under these conditions. 
According to G, S. Kirchhoff, 100 parts of water dissolve 10 piarts of the salt at 15°, 
and boiling water dissolves 50 parts of salt ; alcohol precipitates it from its aq. 
soln. Hydrochloric, sulphuric, or nitric acid makes the aq. soln. turbid in a few 
minutes, mercuric suljihide is precipitated, and sulphur dioxide evolved— 
C. F. Rammelsherg said that some sulphur is formed as well. G, S. Kirchhoff 
observed no action with sulphurous or acetic acid, or w'ith alkali-lye ; baryta- 
water or lime-water slowly forms a greydsh-yellow precipitate ; mercurous nitrate 
a black or grey preci])itate ; and bismuth, lead, iron, and copper decompose the 
salt. (■ F. Ranmxdsberg added that lead salts give a white precipitate; and 
silver salts a precipitate containing mercury. A. Fock and K. Kliiss also 
reported colourless monoclinic ])risms of potassium mercuric tetrathiosulphate, 
3K2S203-HgS2^^:v^f^2G, to b(' formed by using an excess of potassium thiosulphate 
as in tlx^ ])reparation of the preceding salt. The axial ratios are a :h:c 
—1-4843 : 1 ; 0*9463, and ^—101° 5'. By using a still larger excess of potassium 
thiosulphat(‘, they obtained triclinic prisms of potassium mercurous hexathio- 
sulpli£^te» 5 K 2 ^^ 2 G 3 -Kg 2 B 203 .H 20 . C. F. Rammelsberg prepared what he regarded 



as cuprous mercurous octothiosulpliate, a> a riMknwh-hrown 

precipitate when a soln. of potassium mercuric thiosulphate is treated with cupric 
oxide. He could not obtain a crystalline barium mercuric tbiosiilphate from a 
soln. of mercuric oxide in one of barium thiosulphate ; and similarly also with 
strontium mercuric tMosulphate ; and with calcium mercuric tMosnlphate. 

J. M. Eder and G Ulm found that mercuric iodide dissoh'cs in an aq. soln. of 
sodium thiosulphate, forming a clear liquid containing HgL : iSra.>S203 in the molar 
proportion 1 : 2. It is assumed that the soln. contains the complex sodium 
mercuric diiododitbiosulpliate, Hgl2.2Na2S203. On leaving a cold sat. soln. to 
evaporate in vacuo, over sulphuric acid, sulphur dioxide is evolved, and a yellow 
precipitate of mercurous iodide is formed, which quickly turns green, and sub- 
sequently becomes mixed with sulphur and mercuric sulphide. On evaporating 
it to dryness, mercuric sulphide and sodium iodide are formed. Alcohol precipitates 
HgS203‘2Na2S203 ; but the soln. is not clouded by ammonia, ammonium carbonate, 
and potassium hydroxide, ferrocyanide, or ferricyanide. The soln. decomposes, 
with or without contact with air, in a few weeks at ordinary temp., or in a few 
iiours when heated. The soln. acts on finely-divided silver, turning it black. 

G. Vortmann found that when aluminium chloride is treated with 
sodium thiosulphate, the reaction can be symbolizied : Al2C]6H-3Na2S203+3H20 
=Al2(OH)6+6HaCl+3S-|-3S02- Tetrathionic acid is formed in quantity corre- 
sponding with that obtainable from about 4 per cent, of the thiosulphate employed, 
and at the commencement of the reaction a small quantity of hydrogen sulphide 
escapes, but no trace of sulphuric acid could be detected. The addition of potassium 
iodide at the commencement of the experiment brings about the formation of 
sulphuric acid in this case also. An aluminium thiosulphate has not been prepared. 
If a soln, of aluminium chloride, nearly neutralized with sodium carbonate, be 
treated with an excess of sodium thiosulphate, and boiled until the smell of sulphur 
dioxide is no longer perceptible, aluminium hydroxide will be precipitated : 
2AlCi3-t-3Na2S203-f 3H20=:2Al(0H}3+6]SraCl+3S-4- 3SO2. If the corresponding 
salts of zirconium, titanium, and thorium he present, they too vdll be precipitated 
as hydroxides, but not so with salts of iron, beryllium, cerium, lanthanum, didyniium, 
etc. The reaction was utilized by F. Chancel, etc., in analytical work. 

W. Crookes,^- P. Jochum, and M. Hebheriing showed that sodium thiosulphate 
precipitates thallous thiosulphate, TI2S2O3, from not too dil. soln, of a thallous 
salt. H. Euler said that the crystalline salt is sparingly soluble in cold water, and 
M, Hebberling, that it is freely soluble in hot water, and it separates out from the 
hot soln. on cooling. H. Euler referred that greater solubility of the salt in soln. 
of sodium thiosulphate to the formation of a complex salt. This soln., or a soln. 
of thallous chloride in a boiling soln. of sodium thiosulphate, furnishes long needles 
of sodium thallous pentathiosulphate, 3Ha2S203.2Tl2S203.8 or lOHgO ; and the 
salt can be recrystallized from water. The salt was so prepared by G. Werther, 
H. Euler, and P. Jochum. It loses all its water at 120"" ; and when heated out of 
contact with air, it forms thallous and sodium sulphides and sodium sulphate. 
G. Vortmann and C. Padberg also obtained needle-like crystals of sodium thallous 
trithiosulphate, 2Na2S2O3.Tl2S2O3.8H2O, by adding alcohol to a soln. of a thallous 
salt in an excess of a soln. of sodium thiosuiphate. G. Ganneri prepared thallous 
cupric thiosulphate, Tl4Cu(S203)3, as a straw-yellow, microcrystalline powder. 

B. J. Meyer 13 obtained scanfflum hydroxi^hios^phate, Sc(0H)S203, as a pre- 
cipitate by adding sodium thiosulphate to a soln. of scandium nitrate or chloride. 
The rare earth thiosulphates have not been examined very closely. P, T. Cleve 
obtained samarium thiosulphate by the action of a salt of that earth and a soln., 
of sodium thiosulphate. For the general behaviour of the rare earths to this soln. 
vide svfra, G. Canneri and L. Fernandes prepared a series of cuprothiosulphates 
of the rare earths by mixing soln, of copper sulphate and a soluble rare earth 
* salt, each previously sat. with sulphur dioxide. They tlius prepared cerium 
cuprous dittuosulphate, CeCu(S203)2.8Ho0 ; lanthanum cuprous dithiosulphata. 
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LaGu(S203)2.8H20 ; praseoflymium cuprous ditMosulphate, ErCu(S203)o.8H20 ; 
Heodymium cuprous ditMosulpliate, NdCii(S 203 ) 2 . 8 H 20 . The thiosulphates^ of 
titanium, zirconium, and thorium have not been closely examined. No titamum 
tMosulpliate has been prepared. M. Weibull added that in the case of zirconium 
salts, zirconium tMosulphate was precipitated in the cold, and a basic salt when 
heated. G. Canneri and L. Eernandes made zirconium cuprous tritHosulphate, 
ZrCu(S2O3)3.30H2O, by the metbod used for the rare-earth salts. Thorium thio- 
sulphate has not been prepared, but G. Canneri and L. Fernandes obtained thorium 
cuprous ditMosulphate, ThCu(S 203 ) 2 . 8 H 20 , as in the case of the rare-earth salts. 

According to A. F. de Fourcroy and L. N. Yauquelin,!^ sulphurous acid forms 
stannous thiosulphate when it reacts with tin ; but, according to M. J. Fordos 
and A. Gelis, only a small yield is so obtained. According to G. Vortmann, when 
a feebly acidic soln. of stannous chloride is boiled with sodium thiosulphate, a yellow 
precipitate of stannous hydroxide is formed, and sulphxuric and pentathionic acids 
] 3 ass into soln., similar results are obtained with stannic chloride. A. L. Orlowsky 
found that the tin is completely precipitated from hot hydrochloric acid soln. of 
stannous chloride, but not completely from strongly acid soln. G. Tocco and 
N. Jacob obtained tin sulphides and thiosulphate by the alternating current 
electrolysis of a soln. of sodium thiosulphate with tin electrodes, 

J, F. W, Herschel precipitated lead thiosulphate, PbS 203 , from a soln. of lead 
nitrate by adding a soln. of calcium thiosulphate, and J. Meyer and H. Eggeling, 
and W- H. Perkins and A. T. King used a soln. of sodium thiosulphate. The pre- 
cipitate was washed by decantation, then on a filter, and dried in vacuo. If the 
soln. be boiling, H. Vohl found that the precipitate is white, but with a prolonged 
' boiling, F. J. Faktor found that it acquires a grey colour. In place of lead nitrate, 
F. Kessler, W. H. Perkins and A. T. King, B. A. Letts, J. Fogh, and P. Jochum 
employed lead acetate, and W. H. Perkins and A. T. King, a hot soln. of lead formate 
or lead trichloroacetate. A. Chwala and H. Colie obtained lead thiosulphate by the 
action of an excess of sodium thiosulphate on lead dioxide in the presence of acetic 
acid. Analyses of the salt were made by J. F. W. Herschel, P. Jochum, C. F. Ram- 
melsberg, J. Fogh, A, Gutmann, and W. H. Perkins and A. T. King. Lead thio- 
sulphate appears as a white crystalline powder which is stable in air at ordinary 
temp., but, according to J. F, W. Herschel, it blackens when heated to 100®, and when 
heated more strongly with the exclusion of air it forms lead sulphide and sulphate 
with the evolution of sulphur dioxide. C. F. Eammelsberg found that some sifiphiir 
is also formed, and that while the thiosulphate remains white at 100 ®, it darkens at 
200®, C. Pape observed that in air decomposition sets in just over 100®, and 
P. J ochum, near 120®. C. Pape gave 5*58® for the rotary polarization of the crystals. 
According to J. F. W. Herschel, 100 parts of water dissolve 0*0326 part of salt ; 
C. F. Eammelsberg said 0*03 part ; and P. Jochum, traces. Boiling water decom- 
poses the thiosulphate, and after a prolonged boiling, F. J. Faktor, P. Jochum, and 
W. H. Perkins and A. T. King found that lead sulphide is formed. When heated 
in the presence of water in a sealed tube, at 140°, J. T. Norton represented the 
reaction : 4 PbS 203 =PbS+ 4 S+ 3 PbS 04 , with traces of hydrogen sulphide ; and 
with an excess of a soln. of sodium thiosulphate, in a sealed tube, W. H. Perkins and 
A. T. King represented the reaction : PbS 203 + 3 Na 2 S 203 =PbS+ 4 S+ 3 Na 2 S 04 . 
J. Fogh found that when dil. soln. of lead acetate and sodium thiosulphate are 
mixed, the lead is completely precipitated in the form of anhydrous tMosulphate, 
PbS 203 , with development of +5*8 Cals, at 10 ®, This corresponds with + 8*6 Oak 
for the solid acetate and thiosulphate. The lead thiosulphate immediately after 
precipitation dissolves completely in a soln. of sodium tMosulphate with absorption 
of —0*392 Cal. at 11 °. The dried precipitate requires a stronger soln. of the sodium 
salt for rapid soln., hut the absorption of heat ( — 0*418 Cal.) is practically the 
same, and hence the physical condition of the thiosulphate is not changed during 
the process of washing and drying. It follows that as the heats of formation of 
lead acetate and sodium acetate and thiosulphate from their elements are known, 
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tKe heat of formation of tlie lead tKiosulpLate from its elements can be calculated. 
Taking the heat of formation of dissolved thiosiilphuric acid as -f79*4 Cal. 
(Pb,2S,30)=152 Cals. A. Slator gave 1-5 X 10“*^ for the ionization constant: 
[Pb“][S203'']=ir[PbS203]. J. Fogh said that the dried thiosulphate dissolves 
very slowly in alkali thiosulphate soln. ; and complex salts are formed. According 
to T. Fakamatsu and W. Smith, a dil. soln. of iodine in hydriodic acid forms tetra- 
thionic acid, and a cone, soln., pentathionic acid. C. W. Blomstiand represented 
the reaction with phosphorus pentachloride hj : 2PGl5-f PbS.Os^PbCL-rPOClg 
d-PSCl3+S02Cl2- The reaction was studied by C. Pape, and J. Y, Buchanan, 

C. F. Rammelsberg dissolved lead thiosulphate in a lukewarm, cone. soln. of 
ammonium thiosulphate, with shaking, and on evaporation obtained transparent, 
rhombic plates of ammonium lead trithiosuiphate, 2(NH^)2S203.PbS20s. If the 
temp, is too high lead sulphide is formed, and this is also the case if the soln. be 
allowed to evaporate spontaneously. The salt is freely soluble in cold water, and 
the soln. quickly becomes turbid, forming lead sulphide and sulphate. A. Fer- 
ratini obtained hydrazine lead thiosulphate, 2(N2H4)H2S203.PbS203.H20, in 
rectangular plates by treating a lukewarm soln. of lead chloride with hydrazine 
thiosulphate — not in excess or the precipitate will dissolve. The precipitate is 
successively washed with aq. alcohol, and alcohol. At 100°, the salt becomes brown ; 
it melts at 122°-123°, forming a brown liquid ; it is insoluble in water and alcohol, 
but soluble in dil. nitric or hydrochloric acid. Fuming nitric acid forms lead 
sulphate. J. Meyer and H. Eggeling obtained crystals of lithium lead dithio- 
sulphate, Li2S203.PbS203, by evaporating over sulphuric acid a soln. of the com- 
ponent salts to a small voL, filtering, and evaporating over sulphuric acid in vacuo 
in darkness. The hygroscopic crystals quickly decompose when moist, and lead 
sulphide is formed. A. and L. Lumibre and A. Seyewetz found that a soln. of sodium 
thiosulphate dissolves lead sulphate, and chloride ; P. Jochum, lead ; and 
E. H. Russell, and C. A. Stetefeldt, lead sulphate, but not lead chloride. According 
to J. Fogh, sodium lead thiosulphate is produced by mixing soln. of sodium thio- 
sulphate and lead acetate, and adding alcohol to the mixture. If the soln. are 
cone., the liquid separates into two layers, and when the lower layer is treated 
with more alcohol, it solidifies to a white, amorphous mass of variable composition. 
The heat of soln. of this product indicates that it is a mixture of lead sodium thio- 
sulphate and hydrated sodium thiosulphate, and it is probable that some of the 
complex lead sodium thiosulphates previously described were really mixtures of 
the same kind. If the soln. are dil., a white, gelatinous precipitate forms and 
gradually changes to crystalline plates. When dried in vacuo, the crystals are 
sodium lead trithiosulphate, PbS203.2Na2S203. The heat of soln. of this com- 
pound in a dil. soln. of sodium thiosulphate is — 4T Cals, at 10°, and hence its heat 
of formation from its constituent salts is 5*3 Cals. This compound was also pre- 
pared by P. Jochum, and C. Lenz. P. Jochum said that the salt decomposes at 
30°-40° in air ; and C, F. Rammelsberg, that out of contact with air, sulphur 
dioxide and sulphur are given off, while a mixture of potassium and lead sulphides 
and sulphates remains. C. Lenz found that the salt is sparingly soluble in water, 
readily soluble in a soln. of sodium acetate ; and F. Field, that a mixed soln. of 
sodium thiosulphate and sulphate gives no precipitate with lead nitrate, and when 
the soln. is heated, lead sulphide is precipitated. The salt is soluble in a soln. of 
sodium thiosulphate, and, according to A. and L. Lumifere an^ A. Seyewetz, A. J ouve, 
and J. W. Slater, the soln. is decomposed very slowly in light, and rapidly when 
boiled, depositing lead sulphide. A. Slator measured the rate of reaction of lead 
thiosulphate with ethyl hromoacetate. P. Jochum reported that sodium lead hepta- 
thiosulphate, 51Sra2S2O3.2PhS2O3.60H2O, is formed in a mass of scaly crystals, by 
adding alcohol to a mixture of a cold cone. soln. of lead acetate and sufficient sodium 
thiosulphate to dissolve the precipitate first formed ; but J. Fogh, and G-. Vort- 
mann and C. Padberg showed that it is not a chemical individual but rather a 
mixture. 6. Vortmann and C. Padberg added alcohol to a mixed soln. of lead 
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ac('.tate and an (‘xcoss of aodiinn tliio«u]])hato auIFiciont to dissolve the precipitate 
first formed, and obtained white crystals of sodium lead tetrathiosulphate, 
3Na2S203.PbS20;j.l2Ha0. They measiinnl the e.ni.f. of solii. of this complex 
salt ; and found the ionization constant /v -~ 2'5 X for Pb'‘][S203"]“ 

-'=r/i;[Na2Pb(S203)4. J. Fogh regarded this salt as a mixture ; and ho also made a 
similar remark with respect to sodium lead pentatMosulphate, iNagS^Og.PhSsOs. 
I5H2O, obtained hy adding a cone. soln. of lead acetate to a solii. of sodium thio- 
sulphate until a turbidity appears, adding alcohol, and allowing th(i product to 
dry in vacuo. 0 , F. Rammelsbcrg prepared potassium lead trithiosulphate, 
2K2S2O3.PbS2O3.2H2O, in needle-like crystals, as in the case of th(‘- corresponding 
ammonium salt. W. Spring found that wlnm the aq. soln. is boiled, lead sulphide is 
precipitated, and potassium tnthionato })asses into soln. eJ. Mayer and H. Eggeling 
obtained rubidium lead tritliiosulphate, 2Rb2S2O3.PbS2O3.2K2O, in a similar 
way'i likewise also with caesium lead trithiosuJiphate, 2Cs2S2O3.PbS2O3.2H2O, 
which was obtained as the second crop of crystals from a hot, filtered soln. of lead 
thiosulphate in a warm, cone. soln. of caesium thiosulphate ; the first crop of needle- 
like crystals was csesium lead dithiosulphate, Cs2S2O3.PbS2O3.2H2O. C. F. Ram- 
melsberg found that a clear green precipitate is obtained by mixing soln. of cupric 
acetate and potassium lead thiosulphate. It quickly turns brown when allowed 
to stand in its mother-liquid, or exposed to air, J . de Girard obtained a white pre- 
cipitate under similar conditions with sodium load thiosulphate and a cone, soln, 
of lead acetate. The resulting cuprous lead dithiosulphate, Cii2S203.PbS203.3H203 
or Pb(0uS2O3)2.3Pl2O, is freely soluble in water, and rapidly decomposes into 
cuprous and lead sulphides. C. F. Rammelsberg prepared calcium lead tri- 
thiosulphate, 2CaS2O3.PbS2O3.4H2O, in white crystals, by adding alcohol to a soln. 
of the component salts ; similarly with strontium lead thiosulphate, and with 
barium lead thiosulphate. 

W. Farmer and J. B. Firth 12 obtained sodium arsenothdosulphate, presumably 
Na3As(S203)3, as an intermediate compound in the reduction of the arsenohypo- 
sulphite to arsenic trisulphide. A, Carnot, and 0 . Hauser were unable to prepare 
bismuth thiosulphate, but complex salts of the type B3Bi(S203)3.?^H20 were readily 
obtained. 0 , Hauser showed that soln. of these salts contained the complex anion 
31(8203)'", which breaks up comparatively easily. K. A. Hofmann and F. Hdchtlen 
also prepared ammonium bismuth decasulphodithiosulphate, (NH4)4Bi2(&203)2Sio, 
by shaking together soln. of ammonium polysulphide and bismuth chloride in 
absolute alcohol, and allowing the mixture to stand at 5 ^. The black crystals 
were washed successively with alcohol, ether, carbon disulphide, aiid ether, and 
dried in vacuo over sulphuric acid. The supposed constitution ia : 
(NH 4 S 4 )(NH 4 S 203 ) : Bi.S.S.Bi : (NH 4 S 4 )(NH 4 S 203 ). 

No report of arsenic thiosulphate has yet ai)pearcd. G. Vortmann found 
that in the presence of a sufficient excess of sodium thiosulphate, arsenic trioxide 
is completely converted into the sulphide, and the filtrate contains chiefly tetra- 
thionic acid, together with traces of pentatMonic acid. With arsenic trioxide in 
excess, however, the reaction is expressed by the equation As^O^ +^1128203 
=As2S3+3H2S406-f 3SO2+6H2O. Arsenic acid and sodium thiosulphate yield 
arsenic trisulphidle, together with much pentathionic acid and traces of sulphuric 
acid. According to J. von Szilagyi, no complex salts have been made with sc^um, 
rubidium, or caesium, hut’ barium seems to form an unstable barium atsemous 
thic^ulphate, Ba3{As(S203)3}2, existing only in soln. W. Farmer and J. B. Firth 
prepared sodium arseuious thiosulplmte, Na3As(S203)3, as follows : equi-normal 
soln. of potassium hydroxide, and hydrochloric acid were prepared ; 25 c.c. of 
the standard alkali, in which a gram of sodium arsenious hyposulphite (1 mol) 
and the calculated quantity of sodium sulphite (3 mols) had been dissolved, were 
rapidly added to 25 c.c. of the standard acid containing 2*5 c.c. of cone. acid. 
A turbidit}^ developed, followed by precipitation of arsenious sulphide. Decoin- 
position of sodium arsenious hyposulphite in presence of sodium sulphite by this 
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neutralization method is considered to the lead to formation, and rapid decomposi- 
tion, of sodium arsenothiosulphate, arsenious sulphide being one of the products. 
J. von Szilagyi prepared potassium arsenious tMosulphate, K3As(S203)3, as a white, 
amorphous solid, bj adding a solii. of 37*24 grms. of crystallized sodium thiosuiphate 
in 60 c.c. of water to a soln. of 4*95 grms. of arsenious oxide in 35 c.c. of hydro- 
chloric acid of sp. gr. ( 1 * 06 ) and 11*18 grms. of potassium chloride in 30 c.c. of 
water at 3 °. Three volumes of 96 per cent, alcohol are added to the inmure, 
when the double salt is precipitated. It is rapidly filtered and washed with alcohol 
and ether. It is a pure white compound, which is not very stable in the moist 
condition ; it is amorphous, and is very soluble in water, slightly soluble in 50 per 
cent, alcohol, and insoluble in absolute alcohol, ether, and chloroform. The sp. 
gr. is 2*292 at 18 °/ 4 °. When quite dry, it may be preserved, but when moist, even 
with chloroform or ether, it becomes yellow. When the dry salt is heated, it decom- 
poses according to the equation 2K3As(S203)3=As2S3-l-3K2S04-f-3S02+3S ; on 
keeping or boiling a soln. of the salt it decomposes according to the equation 
2K3 As(S203)3^As 2S3+3K2S306. F. V. von Hahn failed to prepare a colloidal soln. 
of arsenic pentasulphide by the hydrolysis of The alkali arsenious thiosulphate. 
G. Canneri obtained thallous arsenious thiosulphate, Tl3As(S203)3, by the method 
used for the corresponding bismuth salt. The white compound readily decomposes 
when moist r 2Tl3As(S203)3=As203— }”^Tl2S203 1 2Tl2S203“f'2H20=2Tl2S-|~2H2S04 5 
and Ti2S+H2S04=H2S-i-Tl2S04. Ho antimony thiosi^phate has been prepared ; 
G. Vortmann found that the action of sodium thiosulphate on antimony trichloride 
corresponds with that on arsenious acid ; the filtrate from the antimony trisulphide 
contains only traces of sulphuric acid, but much tetrathionic acid. F. J. Faktor 
also observed that a red oxysulphide, SbS02, is precipitated by boiling a soln. of 
potassium antimonyl tartrate and sodium thiosulphate ; and when exposed to 
sunlight it forms 862804. The same product is obtained by mixing boiling soln. 
of the two salts. J. von Szilagyi obtained a series of complex salts by adding a 
soln. of antimony trioxide in hydrochloric acid (sp. gr. 1*12) to a soln. of sodium 
thiosulphate and the chloride of the metal concerned at low temp., about 3 °. 
The formation is represented by the equations : SbCl3+HoO=SbOClH-2HCl ; 
Sb0CI+2HCl+3Ha2S203=3HaCl+H20+Na3Sb(S203)3. The “salts in all cases, 
except those of sodium, calcium, and strontium, may be crystallized at low temp., 
and are precipitated by the addition of 96 per cent, alcohol. Their structure can 
be represented by Sb(S.S02.0K)3, or Sb(0.S02.SK)3. Sodium antimonious tMo- 
sulphate, Ha3Sb(S203)3, is very soluble and has not been obtained in the solid 
state ; and when the attempt is made to isolate the compound it decomposes : 
2Ha3Sb(S203)3=3]Sra2S203-|-Sb20S2+4S02- F. V. von Hahn prepared a colloidal 
soln. of antimony pentasulphide (q.v.) by the hydrolysis of the sodium salt : 
2Na3Sb{S203)3=Sb2S5H-3Na2S04-f-3S02+S. Potassium antimonious thio- 
sulphate, K3Sb(S203)3, forms silk-like, needle-shaped crystals very similar in appear- 
ance to asbestos. It is very soluble in water, and on diluting the soln. a very slight 
turbidity is produced which points to the presence of the complex ion, Sb{S203)3'''. 
On boiling a soln. decomposition occurs, forming the orange-red compound, Sb20S2, 
as in the case of the sodium compound. On heating the crystals above 100°, the 
decomposition 2K3Sb (8203)3 =Sb2S3+3K2S04+3S02 +38 takes place. It was 
not possible to isolate calcium antimonious fliiosuLtehate and strontium anti- 
mouious thiosulphate, because they are stable even in soln. for only a short time. 
Barium antimonious tMosulphate, Ba3{Sb(S203)s}2, is ^ot very stable at the 
moment of precipitation ; it is wHte, but spee<hly becomes yellow owing to decom- 
position. G. Canneri prepared thallous antimonious thiosulphate, TlsSbCSsOs)^, 
as a white, crystalline powder, by the method used for the bismuth salt. It is 
stable in dry air, but reddens in moist air owing to the reaction : 2TI3S1>(S203)3 
^b20S2+4S02+3Tl2S203. 

F. J. Faktor found that neutral aq. soln. of bismuth salts are quantitatively 
precipitated by boiling with sodium thiosulphate. 0 . Hauser showed that sc^um 
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Msmutli tMosulphate, Na..^Bi(S20y)y, is formed whow bismutli nitrate is rattec 
with excess of sodium thiosulphate. The product is extracted with a mixtme o 
alcohol and wattw (1 : J ) ; on addition of more alcoliol, the salt is precipitated ai 
a yellow oil ; which, wlum placed ov(‘r snljihiiric acid under reduced press., give- 
orange-yellow crystals. The salt is unstable in the dry state, but keeps fairly wel 
in alcoholic acp. soln. Wlum a soln. of potassium chloride and one of sodiuir 
thiosulphate is added iiO a coohni soln. of bisnoiutli oxide in hydrochloric acid, yellow 
prismatic crystals of bismuth potassium thiosulphate, K8Bi(S203)3.|Hj^0, separate 
One hundred c.c. of soln., sat. at 2 °, contain 3-5 grins, of the salt, and at 18 °, about 
7 grms. In a vacuum over phosphoric oxide, the anhydrous salt is formed. The 
aq. soln. rapidly decomposes, but soln. containing alkali salts are stable. Sodium 
thiosulphate soln. dissolves more of th<*. salt than do(^s }mrc water. The thiosulphate 
group in the salt cannot he titrated with iodine. The precipitate of this salt maybe 
used for the detection of potassium, but cannot serve for its quantitative estima- 
tion. The salt was also prepared by V. Cuisinier. L. Vanino and E. Miissgnug 
obtained small octahedra of stable salt by the interaction of a bismuth-mannitol 
soln. and sodium thiosulphate in the presence of manganese chloride. A. Carnot 
proposed the use of an alcoholic soln. of sodium bismuth thiosulphate as a preci- 
pitant for potassium from say a soln. of potassium chloride. The merits of this 
reagent for precipitating potassium in the form of poi.assium bismuth thiosulphate 
were also examined by G. Campari, 0 . Pauly, and IT. Weber. According to 

O . Hauser, yellow bismuth rubidium thiosulphate, Rb3Bi(S203);j.|H20, is formed in 
the same way as the potassium salt. It forms a yellow, crystalline powder which 
loses its water of crystallization over phosphoric oxide in a vacuum. When this 
salt is treated with a small quantity of ice-water, it becomes brown with formation 
of the salt Rb3Bi(S203)8,H20. When sodium thiosulphate is mixed with a soln. 
containing csesium nitrate and bismuth nitrate in nitric acid. and then alcohol 
added, a yellow, crystalline powder of bismuth caesium thiosulphate, Cs3Bi(S203)8, 
is deposited. It is more stable than the potassium or rubidium salts. L. Vanino 
and F. Miissgnug prepared ammonium bismuth thiosulphate, (NH4)3Bi(S203)8, as 
a yellow precipitate which soon changes colour, and is decomposed by water, The 
copper bismuth thiosulphate, Cu3{Bi(S203)3}2, is precipitated only after adding 
alcohol ; silver bismuth thiosulphate, Ag3Bi(S203)3, forms a yellow precipitate which 
rapidly blackens. Barium bismuth thiosulphate, Ba3[Bi(S203)3]2, formed in the 
same way as the potassium salt ; it is hydrolyzed very easily. Indistinctly crystal- 
line strontium bismuth thiosulphate, Sr3{Bi(S203)}2, obtained by L. Vanino and 
F. Mussgnug, is hydrolyzed by water. G. Canneri prepared thallous bismuth 
thiosulphate, Tl3Bi(S203)s, either from the complex sodium thallous trithiosulphate 
and bismuth chloride, or from potassium bismuth thiosulphate and a thaUous 
salt. It forms a sparingly soluble, microcrystalline, yellow powder. It is 
moderately stable in neutral soln. at a low temp., but decomposes with formation 
of sulphur dioxide .and bismuth sulphide when gently heated, the decomposition 
being retarded by alcohol and accelerated by a trace of acid. The salt is soluble 
in excess of potassium bismuth thiosulphate soln., yielding a clear liquid, with 
which alcohol forms a microcrystaUine, orange-yellow precipitate containing both 

^ thallium and potassium. 

No chromium thiosulphate has been prepared, but F, C. Ray and 

P. B. Sarkar^'^ obtained chromium aquotribydroxydioMecamnamotbiostilphate, 
[Cr(0H)3,2Cr(0H)(NH8)5.H20](S203)2.^^H20, in reddish-violet crystals and chro- 
mium diaquotrihydioxy^oleimeamiiiothiosulphate, [Cr(OH)3.Cr(OH)(M3)5*" 
Cr( 0 H)(NH 3 ) 4 H 20 .H 2 O](S 2 O 3 ) 2 . 2 H 2 O, in pinkish-violet crystals. According to 
F. J. Faktor, when a soln. of potassium chromate or dichromate, mixed with 
ammonium or magnesium chloride, is boiled with an excess of sodium thiosulphate, 
the chromium is precipitated quantitatively as chromium chromate mixed with a 
little sulphur. A soln. of chromic chloride does not give a quantitative precipitate 
unless a little chromate is also present. A mixture of sodium thiosulphate and 
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hydrogen dioxide reduces cliromates to clironiic tydioxide. No molybdeniim 
tMosidpliate has been reported. A soln. of sodium thiosulphate reduces ammonium 
molybdate to molybdenum trioxide and the hydrated dioxide. No 
thiosulpliate has been prepared. Sodium tungstate with a warm soln, of sodium 
thiosulphate, and a little nitric acid, yields a mixture of tungsten dioxide, trioxide, 
and heptoxide. Soln. of uranyl nitrate and sodium thiosulphate furnish a yellow 
precipitate of uranyl tMosulphate, (U02)S203 — vide uranous chloride. 

G. Vortmann and G. Padberg is triturated barium thiosulphate with a cone, 
soln. of manganese sulphate, added alcohol and ether to the jSItered soln., and 
allowed it to crystallize. An aq. soln. of the manganous tMosulpIiate> MnS203.5H20, 
deposits manganese sulphide when boiled. By this method, A. Foch and K. Ediiss 
obtained an oily liquid which decomposed in vacuo. C. F. Rammelsherg also 
found that the filtrate from mixed soln. of barium thiosulphate and manganese 
sulphate decomposed when evaporated in air or over cone, sulphuric acid. 
C. F. Rammelsherg, and A. Guerout observed the formation of some manganese 
thiosulphate when sulphur dioxide is passed into water with manganese sulphide 
in suspension ; if the sulphur dioxide be not in excess, the sulphite is formed. For 
W. E. Henderson and H. B. Weiser’s observations on the formation of this salt, 
vide supra, zinc thiosulphate. P. Jochum obtained sodium manganous trithio- 
sulphate^ 2Na2S203.MnS203.16H20, in steel-blue crystals, by adding a mixture 
of alcohol and ether (1 : 2) to a mixed soln. of the component salts. G. Vortmann 
and C. Padberg’s product, obtained in a similar way, was pale rose-coloured. The 
salt is soluble in water and in aq. alcohol, hut not in .absolute alcohol ; it decom- 
poses in air, forming manganese sulphide, and the decomposition is rapid at 40°. 
The soln. decomposes on boiling ; and ammonia or potash-lye gives a flesh-coloured 
precipitate. 

According to C. L. Berthollet,i9 -when iron is immersed in sulphurous acid, 
out of contact with air, it dissolves without evolving gas, forming ferrous sulphite 
and thiosulphate : 2Fe-h3H2S03=FeS03-|-FeS2034- 3H2O, and the iron becomes 
black and brittle by taking up sulphur. M. J. Fordos and ‘A. Gelis said that the 
metal dissolves completely in the acid except for a few black flakes arising from 
impurities. A. Vogel, and C. J. Koene found that the sulphurous acid first becomes 
brown, then yellow, and afterwards transparent and colourless owing to the pre- 
cipitation of sulphur. No hydrogen sulphide is evolved, but the liquid contains a 
small portion of that gas while it is in the yellow stage. If cone, sulphurous acid 
be' used, some of the sulphite crystallizes spontaneously from the soln. in a few 
days ; and M. J. Fordos and A. Gelis added that if the soln. be evaporated and 
cooled out of contact with air, the greater part of the sulphite can be crystallized 
out, and the mother-liquor, when evaporated at ordinary temp, in vacuo, yields 
crystals of fetrOTlS tlliosillphate» FeS203.5H20, frequently contaminated with 
sulphur and ferrous sulphate. For, if any air has had access to the mother-liquid, 
yellow ferric thiosulphate is formed, which, on evaporation, forms ferrous tetra- 
thionate, which breaks down into ferrous sulphate, sulphur dioxide, and sulphur. 
C. J. Koene separated the sulphite and thiosulphate by washing the product with 
98 per cent, alcohol — ^in which the thiosulphate is soluble, the sulphite insoluble ; 
allowing the alcoholic soln. to stand a couple of days in contact with iron ribbon ; 
and evaporating the pale green alcoholic soln. in vacuo over sulphuric acid. Fox 
the preparation of ferrous thiosulphate from the sulphide and sulphurous acid by 
W. E. Henderson and H. B. Weiser, vide mpm, zinc thiosulphate. C. F. Rammels- 
berg prepared the salt by double decomposition with barium tbiosulphate 
and ferrous sulphate soln., and evaporating the filtrate. The green crystals 
may be mixed with some basic ferric thiosulphate. The ferrous salt is also 
formed when sulphur acts on a soln. of ferrous sulphate ; though G. Vortmann 
and C. Padberg found that soln. of iron sulphate are not altered when boiled with 
sulphur. The bluish-green crystals of ferrous thiosulphate are very hygroscopic ; 
they arc stable if protected from air, but they very readily oxidize, forming a basic 
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ferric hyposulphite as indicated above. In contact with iron, sulphur and sul- 
phurous acid arc formed. F. J. Faktor observed that soln. of ferrous salts are 
not precipitated on boiling with sodium thiosulphate unless ammonium chloride 
and ammonia are added- The iron then gradually separates as sulphide, W. Feld 
said that ferrous thiosulphate, free from sodium salts, is ])ropared by passing 
hydrogen sulphide into a cold soln. of ferrous sulphate and so<iiiiin thiosulphate. 
The precipitate of ferrous sulphide and sulphur is collected, washed with cold 
boiled water, suspended in water, and added slowly to water through which sulphur 
dioxide, diluted with hydrogen, is passed, the mixture of gas(‘s being made more 
dilute as the operation proceeds. The reactions occurring are : (i) 2FeS+3SO^> 
--2FeS203+S ; (ii) FeS+3S02-FeS406 ; (iii) FeS+SSO.-FeS^Oo+B. Afurfc 
quantity of the sulphide is then added to remove excess of sulphur dioxide, the 
polythionates being reduced at the same time : (iv) FeS40(5+FeS--:^-=2FeS203+S ; 
(v).FeS30e+FeS~2FeS203. Hydrogen sulphide was found by R. F. Carpenter 
and E. Linder to form iron disulphide ; but, added W. Feld, the reaction is complete 
only in hot soln. G. Vortm‘ann and C. Padberg obtained sodium ferrous thio- 
sulphate, 3Na2S2O3.FeS2O3.8H2O, in bright green crystals, by precipitating a mixed 
soln. of ferrous iodide and sodium thiosulphate with alcohol. The salt is very 
soluble in water, and easily decomposed. According to A. Vogel, an insoluble 
ferric thiosulphate can be obtained in greenish-white octahedra, by immersing 
steel turnings for 14 days in cone, sulphurous acid, in a closed vessel, for 14 days, 
pouring oF the colourless liquor, and washing the turnings with water. The 
crystals adhere to the surface of the metal. The crystals do not fuse when heated, hut 
evolve sulphur dioxide and a little sulphur ; they 'become opaque and rust-coloured 
on exposure to air ; they effervesce with the evolution of sulphur dioxide when 
treated with hydrochloric acid, and the resulting yellow liquid deposits sulphur; 
and they are insoluble in hot or cold water, but they are dissolved slowly by 
sulphurous acid. F. J. Faktor found that neutral soln. of ferric salts are first 
coloured violet by sodium thiosulphate, but gradually assume a yellow or brownish- 
yellow colour, which is not altered on prolonged boiling. If, however, a little 
ammonia is added, a greenish-black precipitate is formed, which on continued 
boiling yields blackish-brown, granular, ferrosic hydroxide. The precipitation 
does not seem to he complete. J. Holluta and A. Martini represented the 
mechanism of the reduction of ferric salts by sodium thiosulphate as follows: 
(i) Fe;"+2HS203'^[Fe(S203)2]'+2H* ; (ii) [Fe(S203)2]'+Fe- -2Fe *+8403;^ 
(iii) H'+S406''==HS406h The reaction is retarded by the addition of acids 
in a similar way to the action of neutral salts ; with an excess of acid, the 
reaction (i) goes from right to left, whereas a small amount of acid (0-05 mol 
per litre) increases the cone, of the ferric ions by repressing hydrolysis and con- 
sequently accelerating reaction (ii). As the acidity of the soln. increases, a side 
reaction of the fourth order commeuces to take place, thus, (iv) 2Fe”*-|-2HS203' 
=2Fe*“-f-HS40e'+H*, and when the acidity exceeds 0*5 V this becomes the sole 
reaction that takes place. With very high acidity, the thiosulphate slowly 
decomposes into sulphite and sulphur and the velocity constant of (iv) rapidly 
falls. 

0. F. Eammelsberg obtained cobalt thiosulphate, C0S2O3.6H2O, by treating 
a soln. of cobalt sulphate with strontium thiosulphate, and evaporating the filtrate 
at a gentle heat. Towards the end of the evaporation, the liquid turns blue, and 
becomes turbid through the deposition of sulphur ; and finally it furnishes red, 
prismatic crystals, which, according to A. Fock and K. Kliiss, are triclinic with 
the axial ratios a:h: c=0-838i : 1 : 0*7360, . and a=91° 52' ; j8=:92° 2' ; and 
y==83"' 28'. The salt was also made by E. k.. Letts. G. Vortntann and C. Padberg 
obtained sodimu cobalt tetrathiosulphate, 3Na2S203,CoS203l5H20, by adding 
alcohol to a mixed soln. of cobalt chloride and sodium thiosulphat(^ ; the ])re- 
cipitated oily liquid dries in a desiccator to a gummy mass. P. Jochum also 
reported sodium cobalt heptathiosulphate, 5Na2B203,2CoS203.25H20, prepared in 
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an analogous manner, but G. Voxtmaiin and C. Padberg were unable to eonfirin 
Its existence. P. R. Ray prepared cobaltic tMosulplmtopentammiiiotMosiilplmtes 
I f b(NH3)5(S^0j)J^S203 b}’’ the passcigo of a current of air into a soln. of cobalt 

liv<lroxi(l(‘, ammonium tliiosulpbate, and ammonia. The purple crystals are 
sparingly soluble m water, and are decomposed by mineral acids; when treated with 
an (excess of ethylendiamine at 60 °, soluble, yellow cobaltic tnsetliyienediamimilO- 
thiosulpliate, [Co cn3]3(8j03)3, is formed. The filtrate remaining after the separa- 
tion of the thiosulphato])entaniminothiosulphate, was treated with a current of 
air until it no longer smelt of ammonia. After standing some time, it 
deposited yellowish brown crystals of cohaltic siilpMtopentammmotMosiilpliate, 
[Co(I 7H3)5S03]2S303, and a hemitrihydrated yariety was also formed. When a 
current of air is passed through an ammoniacal soln. of cobalt chloride, ammonium 
ciiloride, and sodium thiosiiljihate, yellow crystals of cobaltic hexaillOlillOcMoro- 
thiosulphate, [Co(NH3)5]Cl(S203), are formed ; if a larger proportion of ammonium 
chloride and less thiosulphate are employed, cobaltic tWosidphatopentainisiino- 
chloride, [Co(NH3)5(S203)]Cl, is formed. When this salt is treated with 
sodium bromide, red crystals of cobaltic thiosulphatopeiitammiiiobroiriide, 
[Co(NH3)5(S203)]Br, are formed ; and with potassium iodide, CObaltiC tidosiilpliato- 
pentamminoiodide, [Co(NH3)5(S203)]I, is formed. If the cobaltic pentamminothio- 
sulphate be treated with a soln. of potassium cyanide, potassium pentacyanidothio- 
sulphate, K4[Co(S203)(CN)5], is formed ; and if treated with a warm cone, soln: of 
sodium nitrite, cobaltic triamminotrinitrite, [Co(]S[02)3(NH3)3], is formed. W^hen 
air is passed into an ammoniacal soln. of cobalt nitrate, ammonium nitrate, and 
sodium thiosulphate, purple-red crystals of cobaltic thiosidphatopentamininoBikate, 
[Co(NH 3)5(S203)]N03, are formed ; and if sodium dithionate is added to a 4 per 
cent, ammonia soln. of the nitrate, jmrple-red crystals of CObaltic thiosulphato- 
pentamminoditliionates [Co(NH3)5(S203)]2S20e, are formed. When potassium 
chromate is added to a soln. of the chloride, red, silky needles of cobaltic thiosillplia- 
topentamminoebromate, [Co(NH3)5(S203)]2Cr04, are formed. Air passed through 
an ammoniacal soln. of cobalt hydroxide, ammonium thiosulphate, and sodium 
nitrite furnishes brownish-yellow crystals of cobaltic nitritopentamminotblo- 
sulphate, [Co(NH3)5(N02)]S203. F, J. Faktor observed that when cobalt salts are 
treated with a mixture of sodium thiosulphate and hydrogen dioxide, a black 
precipitate is formed. P. R. Bay prepared some thiosulphatocyanides. 

F. J. Faktor found that when nickel salts are treated with a mixture of sodium 
thiosulphate and hydrogen dioxide, a pale green precipitate is formed. When boiled 
with a soln. of sodium thiosulphate, nickel and cobalt salts give the sulphides, but the 
precipitation is never complete. According to M. J. Fordos and A. Gelis, nickel, 
like zinc, dissolves in sulphurous acid, without the evolution of gas, forming nickel 
sulphite and hyposulphate. The green soln. on evaporation, deposits crystals 
of the sulphite, and afterwards crystals of nickel tMosulphate, Ni2S203.6H20, 
while the mother-li{][uor is resolved by heat into sulphur, and nickel sulphide and 
sulphate. C. F. Rammelsberg evaporated over sulphuric acid the filtrate from a 
mixed soln. of strontium hyposulphate and nickel sulphate. There is a slight 
decomposition of the liquid attended by the separation of nickel sulphide. The 
crystals yield a semi-fluid mass below 100°, and as the temp, rises give ofl water, 
sulphur, and sulphur dioxide leaving a residue of nickel sulphides. The salt was 
also made by E. A. Letts. According to C. P. Rammelsberg, if a cone. soln. of the 
salb be sat. with ammonia, and the blue liquid treated with alcohol, crystals of 
nickel tetramminothiosulphate, NiS2O3.4iNrH3.6H2O, are formed ; F. Ephraim gave 
NiS2O3.5NH3.H2O ; and G. Vortmann and 0 . Padberg, Ni2S2O3.6NH3.3H2O. The 
blue crystalline powder soon turns green on exposure to air. P. Jochum reported 
pale green plates of sodiuin nickel heptathiosnlphate, 5Na2S203.2NiS203.25H20, 
to be formed by adding alcohol to an ammoniacal soln. of a nickel salt 
mixed with sodium thiosulphate. L. Cambi and A. Clerici studied the action of 
nitric oxide on nickel thiosulphate, and also prepared potassium nickel nitrosyl- 
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tMosulphate, K3[(N0)Ni(S203)2].2Hii0 ; it is liero assumed that the salt contains 
a hyponitroiis residue : 




NO 

NO 



R, Schottlaiider dissolved aininoniiim chloroplatinato in a cunc. aq. soln. 
of sodium thiosulphate, and found that the clear soln. soon became turbid and 
deposited platinum mixed with sulphur. If alcohol be added to the clear soln., a 
yellow oil is precipitated which forms a mass of yellow crystals of sodium platinous 
tetratMosulphates 3Na2S2O3.PtS2O3.10H2O. P. Joclium obtained a similar salt. 
The orange-yellow crystalline mass decomposes at 100°. It is freely soluble in 
water ; and the soln. is not changed by boiling with soda-lye. Hydrogen sulphide 
gives no precipitate with the neutral soln. or the cold soln. acidified with hydro- 
chloric acid. Hydrochloric acid very slowly decomposes the cold soln. and more 
quickly when heated giving o:ffi sulphur dioxide and depositing platinic disul]}hide. 
P. Jochum precipitated the yellow oil as indicated above, allowed it to crystallize 
under absolute alcohol, and thus obtained sodium platinous pentathiosulphate, 
4Na2S203.PtS203-10H20- He also obtained yellow needles of sodium platinous 
heptathiosulphate, 6Na2S203.PtS203.19H20, by neutralizing as nearly as possibh' 
a soln. of bydr ochloro platinic acid with sodium carbonate, adding an equal vol. 
of a cone. soln. of sodium tbiosulpbate, precipitating with alcohol, and crystal- 
lizing under absolute alcohol. C. Rndelins reported flatinum dipropylsulphino- 
ditMosulpJiate, [Pt{(C3H7)2S}2(S203)2l. 
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§ 39. The Polythionic Acids 

The polythionic acids are taken to include a series of acids with the general 
formula H2S^06, where n ranges from 2 to possibly 6 ; for example, there are : 
dithionic acid, H2S2O6 ; trithionic acid, H2S3O6 ; tetrathionic acid, H2S4O6 ; 
pentathionic acid, H2S5O6 ; and hexathionic acid, H2Se06. They are formed 
when sulphur dioxide, water, and sulphur in statu nascendi react with one another 
under difierent conditions. J. Dalton ^ observed that when moist sulphur dioxide 
and hydrogen sulphide react on one another in the gaseous state, or in aq. soln., 
they produce an acid which he thought to be represented by the particles causing 
the turbidity of the liquid. J. Dalton said ; 

When sulphuretted hydrogen and sulphurous acid are mixed over mercury in the pro- 
portion of six measures of the former to five of the latter, both gases lose their elasticity, 
and a solid is deposited on the sides of the tube. The common explanation given of this 
fact is that the hydrogen of one gas unites to the oxygen of the other to form, water, and 
the sulphur of both gases is precipitated. This explanation is not correct ; water is indeed 
formed, as stated ; but the deposition consists of a mixture of solid bodies, the one sulphur, 
the other sulphurous oxide ; they may be distingtiished by their colour ; the former is 
yellow, the latter bluish-white, and when they are both thrown into water, the former 
soon falls down, but the latter remams for a long time suspended in the water and gives 
it a milky appearance, which it retains after filtration. Again, if water impregnated with 
each of the gases, be mixed together till a mutual saturation takes place or until the smell 
of neither gas is observed after agitation, a milky liquid is obtained which may b© kept for 
some weeks without any sensible change or tendency to precipitation. Its taste is bitter 
and somewhat acid, very different from a mixture of sulphur and water. When boiled, 
sulphur is precipitated, and sulphuric acid is fotind in the clear liquid. The milkiness of 
the liquid seems owing, therefore, to the oxide of sulphur. 

T. Thomson regarded the acid component of the liquid as a suljphosulphurous 
add. M. Cluzel, and W. Schmid showed that the dry gases — ^hydrogen sulphide 
and sulphur dioxide — do not react, H. W. F. Wackenroder suspected the pre- 
sence of pentathionic acid in the products of the action of hydrogen sulphide on an 
aq. soln. of sulphurous acid. This soln. was afterwards called Wackenroder’s 
liquid} although it had previously heen prepared hy many others — mde colloidal 
sulphur. This liquid was prepared by H. Debus in the following manner : 

A slow current of hydrogen sulphide is passed for 2 hrs., a few degrees above 0°, through 
480 c.c, of a nearly sat. soln. of sulphurous acid ; the liqtiid, still containing a large excess 
of sulphurous acid, is kept for 48 hrs. in a closed flask at ordinary temp- The operation 
is repeated ; and continued until ali the sulphurous acid is decomposed. This occupies 
about 2 weeks. If the current of hydrogen ^phide is discontinued as soon as the liquid 
ceases to smell of sidphurous acid, and the flask removed from the cold water by which 
it is surrounded, and allowed to stand for a few hours at ordinary temp., it will smell strongly 
of sulphur dioxide ; the treatment with hydrogen sulphide must then be repeated until, 
€dter standing a few hours, the soln. no longer smells of sulphur dioxide. The turbid 
liquid contains a large precipitate of sulphur which is separated by filtration. The turbid 
liquid cannot be clarified by filtration through filter-paper. In a bottle of about an inch 
chameter, it appears semi-transparent ; and of a reddish-brown colour in transmitted 
light. It becomes more transparent on warming and more opaque on cooHng- 

A. Sobiero and. F. Selmi, and T. Curtins and F. Henkel obseaved that besides 
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arid, ilio liquid coniains tetrathionic, ihicmdpbiiric, and siilpliuiic 
acids, ])ut M. J. ^'ordns am! A. Ochs said that these substa-nces arc decomposition 
products of ])(mt<i.tliionii*- acid V. B. Lewes lialf neutraliz(*d Wackenr Oder’s liquid 
with hari ion hydroxide', and obtained a dej)Osit of barium totrathionate on evapo- 
ratiuG;t]ie liquid in vacuo ; this was followed by a crop of ruixe^d ietrathionate and 
I )en1 atliioimte, ai id fi n af ly a crop of the, ])eui.athionaie, crvsirils alone. Analyses of the 
radio of liydrogen to snlphur were found by F. Kessh'r, 1\ TakaTuai-su and W. Smith, 
and V. B. Lewes to agre'e' witli 2 : 5. This docs not uecovssarily esi,aljlish the exist- 
eiK'o of |)('niatliionic acid, because tbe same, ratio could be obiaint'd with mixtures 
of liexaihionif' acid and tritbionic or t(dTathionic a<dd. H. Debus gave for the ratio 
lf:S:0 --2:5:0. In order to determines the conij) 08 itiori of Wackenroders 
lujuid, 11. Debus examined the metal salts which can. be obtained from the liquid. 
He proved that the liquid contains (i) small droj)S of sulphur in suspension; 
fii) siil])liur in a colloidal state whicli he. regarded as an allotropic modification— 
^-sulphur (q^v,) \ (iii) sulphuric acid; (ivl traces of tritbionic acid; (v) tetra- 
tliionic acid ; (vi) ]>entathiomc acid ; and (vii) a polytbionic acid with more 
sulphur than the pemtatbionic acid- -probably hexathionic acid. 

H. D('bus showed that hydrogen sulphide and sulphur dioxide in the presence 
of wai.er react with the separation of sulphur, Pentathionic acid is not the direct 
product of this reaction because the greater part of the pentathionic acid is only 
slowly formed when a soln. of sulphurous acid partially decomposed by hydrogen 
sul]>hide is ke])t for Z to 4 hrs. Such a soin. yielded K 2 S 4 O 0 : K 2 S 5 do =6 : 1 hy 
weight ; if treated twice wdih hynlrogen sulphide for li hrs. on separate days, the 
ratio was 6:2; and if iuf'ated for 2 hrs. eight times on separate days, 6 : 6 . The 
bes’^ yield of ])eiitatliioiiic acid is obtained when the liydrogen sulphide is passed 
5 or 6 tim(\s with 36-48 hour intervals. Thcj quantity of tetrathionic acid formed 
is independent of the time of preparation, and it is therefore inferred that tetra- 
thionic ae.id is a direct product of the action of hydrogen sulphide on sulphurous 
acid : 3 S 02 +H 2 S==H 2 S 40 (i. If sulphurous acid, and hydrogen sulphide had no 
action on tetrathionic acid, this would be the sole product of the reaction ; but 
both these agents decompose tetrathionic acid yielding a complex mixture of pro- 
ducts. So long as the sulplmrous acid is in great excess, as at the beginning of the 
operation, anostof the hydrogen sulphide reacts with the sulphurous acid, forming 
tetrathionic acid. Tbe tetrathionic acid slowly reacts with free sulphurous acid, 
forming tritbionic and thioaulphuric acids. The reaction is reversible, and attains 
a limit. The thiosulpburic acid can then react with tetrathionic acid to form 
pentathionic acid, so that the liquid now contains sulphurous, thiosulpburic, tri- 
tliionic, tetrathionic, and pentathionic acids. When hydrogen sulphide is passed 
into tbe liquid until all the sulphurous acid is decomposed, the hydrogen sulphide 
attacks the tetrathionic acid, forming water and sulphur. This sulphur, in statu 
nascendi, converts tritbionic into tetrathionic acid : tetrathionic into pentathionic 
acid ; and pentathionic into hexathionic acid. The moment all the sulphurous 
acid disappears, all the tritbionic acid will have been converted into the tetra- 
thionic acid. Another part of the sulphur produced by the action of hydrogen 
sulphide on tetrathionic acid remains in soln. as colloidal or 8 -sulphur, and part 
separates as a precipitate or suspension. If the hydrogen sulphide is passed through 
the sulphurous acid with interruptions of several hours’ duration, the condensation 
of thiosulpburic acid to pentathionic acid occurs so that the proportion of penta- 
thionic acid is increased five or six times ; and if the passage of hydrogen sulphide 
be continued after all the sulphurous acid has disappeared, and until it ceases to 
act on the polythionic acids present, then water and sulphur will be the final 
products of the decomposition. Any sulphuric acid which may be formed is due 
to the atmospheric oxidation of sulphurous acid. 

Hence, R. Debuses theory of the formation of Wuckenroder^s liquid is that tetra- 
ihionic acid is a direct product of the action of hydrogen sulphide on sulphurous add ; 
and that the other acids are derived from the tetrathionic acid hy a ser ies of subsequent 
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reactions. Since a currtnit of hydrogen sulphide ultimately transforms Wacken- 
roder’s liquid into sulphur and water, so that the final product of the reaction 
between hydrogen sulphide and sulphur dioxide can be represented : 2HoS-rS0.j 
y-3S-f2H20, the polythionic acids are intermediate products Letw'een the*origiiial 
materials — sulphur dioxide, hydrogen sulphide, and water — and the final product 
— ^sulpliur and water — vide infra, trithionic acid, and vide supra, thiosulphiiric acid . 

A number of explanations of the action of hydrogen sulphide on sulphurous 
acid are based on the formation of intermediate compounds. H. Bassett an*! 
R. G. Durrant represented the first stage of the reaction between sulphurous acid 
and hydrogen sulphide by H2S+H2S205^H0.S.0.S.0H+S(0H)2. Hence, 
sulphoxylic acid and its pyroderiwative represent the first products of the reaction . 
The sulphoxylic acid reacts with hydrogen sulphide to form sulphur : 
S{0H)2+H2S^2H20-[-2S ; and the freshly-formed sulphur is in a favourable 
condition for reacting with sulphurous acid to form thiosulphuric acid ; 
S-i-H2S03^H2S203, which is relatively stable in dih, feebly acia soln. Trithionic* 
acid is formed from the thiosulphuric acid : 2H2S203^H2S+H2S306, and some 
trithionate may be formed from sulphurous and sulphoxylic acids : 
2S(0H)24“H.HS03=H20-|-H0.S02.S.S02.0H. P. Porster and R. Vogel suggested 
the reaction : S0+2HS03'=S306''+H20 for the trithionate formation. H. Bassett 
and E.. G. Durrant found that traces of polythionates are produced by shaking 
sulphurous acid with a soln. of sulphur in benzene ; and by passing sulphur dioxide 
and sulphur vapour simultaneously into water a soln. containing 0*32A^-H2S03, 
and 0*01 iV- with respect to a mixture of trithionic and tetrathionic acid was obtained . 
P. Porster and K. Centner also conclude that some trithionate is formed directly : 
S20s"+4HS03'4-2H'=2S30e^'-f3H20, and not by the degradation of penta- 
thionic acid. The hypothesis of H. Bassett and R. 6. Durrant can be adapted 
to explain the results of H. Debus, and of B. H. Riesenfeld and G. W. Peld, as well 
as the^hypothesis based on the primary formation of sulphoxylic acid ; H2SO3+H2S 
^H2S02+H2S0 ; or the hypothesis of E. H. Riesenfeld and 6. W, Peld based on 
the primary reaction : H2S+2H2S03=3(H0)2S(or SO4-H2O) ; or the hypothesis 
of P. Pdrster and A. Hornig based on the primary reaction : H2Sd-H2S03 
v=^H2S202+H20. No proof of the primary formation of sulphoxylic acid is possible 
other than the bleaching of indigo, or methylene-blue by sulphurous acid freshly 
treated with hydrogen sulphide. The bleaching ol indigo by these soln. was first 
observed by W. Spring, The test is ambiguous for the bleaching also occurs 
with hyposulphuxous acid, F. Rashig, E. H. Riesenfeld and G. W. Peld, F. Porster 
and co-workers, and A. Kurtenacker and M. Kaufinann have suggested hypotheses 
in which pentathiomc acid is the first formed thionic acid. According to H. Bassett 
and R. G. DurranUs hypothesis, the first thionic acid to appear during the decom- 
position of thiosulphate is trithionic acid, and this is usually accompanied by some 
tetrathionic acid, and in a very short time by some pentathionic acid. Penta- 
thionic acid is the last thionic acid to be formed, trithionic acid the first. When 
hydrogen sulphide and sulphurous acid react in dil. soln., trithionic acid is the first 
thionic acid to appear, and tetrathionic and pentathionic acids are built up 
from trithionic acid by the assimilation of sulphur : H2S30e+S=H2S40Q ; and 
H2S4.O6+S=H2S5O0. 

A& just indicated, E. Heinze supposed that sulphoxylic acid, H2SO2, the acid 
of the anhydride SO, and the acid H2SO of the anhydride S2O, is first formed. 
He said that when aq. soln, of sulphur dioxide and hydrogen sulphide interact, 
the former behaves like sulphurous acid not sulphur dioxide, and sets up the rever- 
sible primary reaction : H2S03+H2Sv^H2S02+H2S0, and the precipitation of 
sulphur is caused by the decomposition of the compound H2SO, which is assumed 
to be of the hydrogen dioxide type. This compound is also supposed to be formed 
by the further action of hydrogen sulphide on the sulphoxylic acid, thus : 
H2S02-fH2S^2H2S0. Consequently, the final result of the interaction of one 
mol. of sulphurous acid with two mols. of hydrogen sulphide is given by the equation 
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2H2S+S02=3S"f2H20. The reaction is completed, however, only after several 
months. The final state is reached more quickly in presence of an excess of 
hydrogen sulphide. Hydrogen sulphide also reacts with polythionic acids to form 
sulphur and water. When excess of sulphurous acid is present, less sulphur is 
precipitated and more polythionic acid formed. After about a day, a condition 
of equilibrium obtains. If, now, the precipitated sulphur is filtered off and the 
excess of sulphur dioxide removed by a current of nitrogen, in a short time more 
sulphur comes down and sulphur dioxide again appears in the soln. The sulphur, 
when once precipitated, takes no further part in the process, and the reversible 
reactions are supposed to involve the polythionic acids, sulphurous acid, and the 
compounds H0SO2 and Hc>SO, thus : (i) H2S02+S0o^H2S904 ; (ii) H2SO 

+H2S03^H2S203+H20 ; (iii) HsSaO^+HgSaOs^HsS^Oo+HaO ; (iv) HgS^Oe 
4-H2S2O3^H2S5O04-H2SO3. With increasing cone, of sulphur dioxide, the pro- 
portion of tetrathionic acid increases, whilst that of pentathionic acid decreases. 
This is attributed to the dehydration of the sulphurous acid owing to the increasing 
acidity of the soln., with consequent increase in the production of H2S2O4 by 
equation (i). When soln. containing an excess of sulphur dioxide are allowed to 
remain for several weeks, increasing quantities of sulphuric acid are formed. 
Possibly, it is due to the decomposition of trithionic acid, which may he formed 
in small quantities and is known to decompose into sulphuric acid, sulphur dioxide, 
and free sulphur. E. H. Eiesenfeld and G. W. Eeld found that at 0°, the optimum 
ratio for poljrthionate formation was 2SO2 • ^2^9 ratio SO2 : 2H2S, 

all the sulphur was precipitated in the elementary form. Immediately after the 
preparation of the soln. 2SO2 : H2S, there is evidence of the formation of an inter- 
mediate compound which can be precipitated at a low temp, as the barium salt ; 
in soln., the intermediate compound changes to thiosulj^hate. The proportion 
of tri- and tetra-thionic acids formed after 14 days depends on the cone, of the 
sulphur dioxide, A low concentration of sulphur dioxide favours the tetrathionate. 
The proportion of pentathionate is practically constant. This does not agree 
with E. Heinze’s conclusions. The sulphuric acid which is always formed reaches 
a maximum near the commencement of the reaction ; it must therefore he formed 
from the intermediate compound, not by oxidation of the polythionic acids. Of 
the three polythionic acids, the tetrathionic acid is the least stable and decomposes 
relatively quickly into tri- and penta-thionic acids. The trithionic acid decomposes 
more slowly with formation of sulphur dioxide, whilst pentathionic acid decomposes 
only in the course of months with separation of sulphur. The order of stability 
is the same in neutral as in acid soln. ; in alkaline soln., all the polythionates decom- 
pose quickly into thiosulphate and sulphite. The phenomena observed are 
explained on the assumption that the intermediate compound is a hydrate of the 
unknown sulphur monoxide, SO. This is stable in acid soln. for a time, hut in 
neutral or alkaline soln. quickly forms thiosulphate. In acid soln., it slowly 
polymerizes to pentathionic acid. By combination with sulphurous acid it forms 
tri- and tetra-thionic acids: 3SO -f 112^^3 =^28400 ; S0+2S02+II2^=H2S306. 
By hydrogen sulphide, it is reduced to sulphur. E. Eorster assumed that in aq. 
soln. there is a state of equilibrium between sulpboxylic acid and its hypothetical 
anhydride, H2S0^S0+H20 ; and that the other sulphur acids are formed by re- 
actions: (i) S0+H2S=28+H20 ; (ii) 2S0+H20=S203''+2H* ; (iii) SO+2HSO3' 
=S2O0"+H2O ; and (iv) SO+2HS2O3'=S6O0"+H2O. He also assumed that the 
initial reactions in the formation of Wackenroder’s soln. involve H2S-fil2S03 
=S2(0H)2+H20, followed by S2(0H)2+H3S03-fH20^3H2S02, and S2(OH)2 
4'H2S^2H20+3S. Equation (iii) is preferred to that suggested by H. Bassett 
and E. G. Duxrant for the formation of trithionic acid. E. Eorster and E. T. Momm- 
sen, and E. Forster and A. Hornig represented the reaction between sulphurous acid 
and hydrogen sulphide as a balanced process involving the intermediate formation 
of the hypothetical H2S2O2, thus : HaS+HaSOs^HgSaOs+HaO ; hut a further 
reaction with hydrogen sulphide^ produces sulphur, while an excess of sulphurous 
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acid produces pentatMonic acid. Tliey added t-Lat tlie tritMouates are least stable, 
the tetratMonates the rsaost stable. None of the poljrthionic acids is stable in 
aq. soln., and the following decompositions occur in soln. : S50e''^S40f/'-l-S : 
SA'^^SsOe'^+S; SgOe '+H20=S04''+S203"+2H- ; SoOs^'-hHVHSOZ-f S. Tlie 
insolubility of sulphur removes it from the equilibrium, and at boiling temp, 
the sulphur dioxide is removed and SO4'" is alone left in soln. ; side reactions were 
also found to take place. The more sulphur dioxide and sulphur there remains 
in the soln., the greater is the tendency of thiosulphuric acid to polymerize, e.g, 
S306''+S203''+HyS406"+HS03' ; A high 

cone, of hydrogen-ion retards the decomposition of tetra- and penta-thionic acids, 
but not of trithionic acid. F. Forster also said that in addition to the formation 
of thiosulphate : 2S0-i-H20^S203"4-2H*, the intermediate product, sulphur 

monoxide, may produce pol3rthionic acids by other changes, e.g. SO-f 2S203''-f 2H* 
=8506" +H2O ; and S0-l-2HS03'=S30e"-f H2O, analogous to what is known in 
the case of selenium monoxide. For the development of thiosulphates, vide sodium 
thiosulphates. E. Josephy said that tetrathionic acid is a direct product of the 
reaction : 3SO2+H2S—H2S4O6, whilst the sulphur formed in the reaction : 

SO2+2H2S— 3S-f2H20, also reacts with sulphur dioxide: 5S+5SO2+2H2O 
=21128505. Pentatinonic acid can also be formed by the action of the sulphur 
and sulphur dioxide produced when a thiosulphate is treated with an acid. These 
reactions, added E. Josephy, explain all the cases of polythionate formation without 
assuming hypothetical intermediate products. The case of the intermediate 
compound was defended by E. H. Eiesenfeld, and F. Forster ; F. Easchig, likewise, 
supposed that in the formation of pentathionic acid firom hydrogen sulphide and 
sulphurous acid, S02+H2S=S0+S+H20, five SO-groups condense with the 
ad^tion of water. The alternative reaction H2S+2S02=3S0-f H2O is excluded ; 
while if hydrogen sulphide is in excess, the reaction proceeds smoothly : 
2H2S+S02=3S+2H20. Hyposulphurous acid is not formed. 

W. E. Lang and C. M. Carson showed that if very little moisture be present, 
the two gases — hydrogen sulphide and sulphur dioxide — ^react to form sulphur 
and water : 2H2S+S02=3S+2H20. The sulphur, water, and sulphurous acid 
then react to form polythionic acids. This subject is further discussed in connection 
with the action of hydrogen sulphide (q.v,) on sulphurous acid. W. Petzold sum- 
marized his ideas of the interrelations of the polythionic acids in Wackenroder’s 
soln. by the scheme : 



H. Debus described Wackenroder’s liquid as a milky fluid which may be kept 
for weeks without becoming clear, ux drop under the microscope appears to be 
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hoinogGneoiis, but after 5 mius., a ring of yellow particles a])pears on the edges and 
grows towards the centre of the drop, d'ho deposit is composed of minute drops 
of sulphur ; and is greater than the amount of suljduir iu suspension. Hence it 
is produced by the ])recipitation of dissolv(Hl siilpiuir. The addition of a little 
water causes this sulphur to dissolve. Carbon disulphide, benzene, ether, olive 
oil, chloroform, or tannin do not clear the liquid, but powder of cdiarcoal, barium 
carbonate, alkalies, a cone. soln. of hydrochloric acid, niiaic acid, and potassium 
nitrate cause complete precipitation of the sulphur in suspension and soln. The 
addition of much water causes the emulsion to become almost clear ; at least in 
layers of an inch in thickness, it appe^ars perfectly clear, transparent, and slightly 
yellow. Soln. of saltpetre produced iu this diL, clear liqidd a copious precipitate 
of sulphur. The drops of sulphur in sus]:)cnsion in the (miulsion appear, therefore, 
to be soluble in much water. Wackenrodcr’s soln. can he concentrated on a water- 
bath without decomposition until it reaches a sp. gr. 1 - 32 . The 3 -suiphur is all 
coagulated before it reaches this point of cone. Further evaporation on the water- 
hath causes evolution of sulphurous acid and precipitation of sulphur. Under 
reduced press., over pieces of potassium hydroxide, the liquid can be concentrated 
to a sp. gr. 1 - 4 : 6 . This liquid is regarded by H. W. F. Wackenroder, F. Kessler, 
T. Takamatsu and W. Smith, and V. B. Lewes as pentathionic acid. W. Spring 
regarded it as a soln. of sulphur in tctrathionic acid. H. Debus added that Wacken- 
roder’s liquid of the sp. gr. 1 - 4 . 6 , is a colourless, transparent, oily liquid of great 
refractive power and intensely acid. It destroys the coherence of the fibres of 
filtering-paper, and can only be filtered when of sp. gr. lower than l-I. A sample 
of sp. gr. 1-3 was kept m a dark place for 3 months without apparent change; 
a slow decomposition then occurred with the evolution of sulphur dioxide and the 
separation of sulphur. The decomposition was not completed in two years. The 
potassium salts or the acids in Wackeiirodcr’s liquid decompose into trithionic 
acid with the separation of sulphur : H2S50(5=H2S405+8 ; 2H2S4O6—H2S5O6 
+H2S3OG ; and the trithionic acid decomposes into sulphuric acid, sulpW 
dioxide and sulphur: H2S30(j=H2S04+S024'S. The liberated sulphur, however, 
recombines with the undccomposcd trithionic acid re-forming tctrathionic acid: 
1128306+8=112^406, or pentathionic acid : H 2 S 306 + 2 S=H 2 S 606 . The reactions 
are reversible, taking place in opposite directions with equal facility. This be- 
haviour, said H. Debus, is connected with their heats of formation since J. Thomsen 


found that : 

CaJs. Blfference. 

Dithionic acid, (S2,0«,Aq.) .... 211‘08 — 

Trithiomc acid, (S3,0«,Aq.) .... 201-76 9-32 

Tetrathionic, (S 4 ,Oe,Aq.) .... 192-43 9-32 

Pentathionic acid, (SgjOejAq.) . . . 183-11 9-32 


This shows that the different sulphur atoms are of equal thermochemical value. 
According to M. Berthelot, the heat developed per atom of oxygen is practically 
constant,, meaning that the combination of oxygen with sulphur develops practically 
the same quantity of heat whatever be the degree of condensation of the sulphur. 
M. Berthelot found that the heats of formation are : 

Cals. 

Dithionie acid ( 2 S, 05 ,Hs 0 ,Aq.) . . . - . - 206-8 

Trithionic acid (3S,O6,Ha0,Aq.) . . . . * ,211-4 

Tetrathionic acid (4S,06,H20,Aq.) ...... 205*2 

Pentathionic acid ( 6 S, 05 ,H 20 ,Aq.). ..... 215-8 

H. Debus said that J. Thomsen’s data show that the heat developed during the 
formation of the polythionic acids from water and the elements become less and 
less as the acids become richer in sulphur. When trithionic acid unites with an 
atom of sulphur 9*33 Cals, are rendered latent, and the same quantity of energy is 
rendered latent when tetrathionic acid unites with an atom of sulphur to form 
pentathionic acid, so that the compounds are endothermic with regard to these 
sulphur atoms. A sulphur atom which detaches itself from a mol of tetrathionic 
acid carries away an amount of energy corresponding with about 9-33 Cals., and 
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tkis amonnt is sufficient to enable tbe atom to xeunite with a mol of trithionic 
acid to form tetrathionic acid, or with the latter to form pentathionic acid. Like 
a pendulum which during its fall acq_uires the necessary vis viva to rise again to a 
height equal to that of its descent, so the sulphur atoms of one polythionic acid 
acquire during their separation the necessary energy to combine wdth another 
polythionate. In a soln. of tri-, tetra-, and penta-thionic acids, decomposition 
and re-formations are continuously going on so that the sulphur atoms are in un- 
interrupted migration from acid to acid. If the state of equilibrium between the 
decomposition and formation of the polythionic acids could be maintained, their 
relative proportions in soln. would remain unaltered ; but this is prevented hy the 
decomposition of the trithionic acid to sulphuric and sulphurous acids and sulphur. 
This chemical change is not reversible. The oxidation of sulphurous acid to 
sulphuric acid also exercises a disturbing influence by hindering the decomposition 
of pentathionic and tetrathionic acids. As soon as the sulphuric acid has accumu- 
lated to a certain concentration, the decomposition of the penta- and tetra-thionic 
acids will cease, but that of the trithionic acid will continue. Hence, the final 
state of equilibrium, after a long time, would be a liquid containing sulphuric, 
tetrathionic, and pentathionic acids, and sulphur, each of a certain definite con- 
centration, and not undergoing a further chemical change. 

H. Hertlein found that the mol. vol. of the potassium polythionates increases 
regularly from the di- to the tetra- thionates ; the viscosity of the soln. increases 
with an increase in the sulphur content ; the mol. refraction of the soln. also increases 
in a similar way, and the results indicate that all the sulphur is present in the 
bivalent form ; the electrical conductivities were also measured ; and the relative 
ionic velocities were found to he IS 2 OQ, 85 ; ^SgOe, 72*8 ; JS 4 O 6 , 674 ; and ISsOg, 

Table XVII. — Some Beactions oe the Polythioitic Acibs. 


Solution. 

Dithionates. 

] 

! Tritliionates. 

Tetrathionates. 

Pentathionates. 

KOH 

No pp. 

No pp. 

No pp. 

Pp. of sulphur 

Dil. HCl . 

Nil 

Evolution SO2 ; 

Nil 

Nil 

HgNOa . 

No. pp. 

PP* 

Black pp. becomes 

1 white on stand- 

ing 

Yellow pp. gradu- 
ally darkens 

Yellow pp. white 
on standing with 
excess HgNOs 

AgXOa . 

No pp. 

Yellow pp. soon 
blackens 

Yellow pp. soon 
blEMskens ; also 
blackened NH3 

Yellow pp., gradu- 
ally darkens; 
blackened by NH^ 

AgXOa 

(ammoniacal) 


No brown colora- 
tion on standing 
when warmed 
AgaS pp. 

No brown colour 
even on standing 
unless warmed 

Almost immediate 
brown coloration; 
blackens on 
warming 

HgCy, 

No pp. 

YeUow precipi- 
tate blackens 

slowly. 

Yellow pp., black- 
ens on wanningf 
evolves HCy 

I YeEow pp., black- 
ens on warming, 
evolves HCy 

HgCL 

No pp. 

Yellow pp. whit- 
ens with excess 
HgCla 

White pp, on 
wanning 

Whitish -yellow pp. 
on warming 

KHS 

— 

— 

White pp. of S 

White pp. of S 

Dfl. KM11O4 

One drop 
immediate 
brown pp. 

One drop immedi- 
ate brown pp. 
even in presence 
of dil. HaSO* 

Decolorized with- 
out adding dil. 
H2SO4 ; no pp. 

Decolorized with- 
out adding dil. 
H2SO4 ; no pp. 


614. The percentage degrees of ionization for a mol of the dithionic and tetra- 
thionic acids dissolved in 4248 litres of water are respectively 89"6 and 92*0. The 
e.mi. of a mercury electrode in contact with soln. of the polythionates against a 
normal cathode decreased with an increasing content of sulphur in the molecule. 
E. Josephy, and F. Forster and A. Hornig found trithionic acid to he the least 
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stable and tetratliionic acid the most stable of tlieso acids. They decompose 
S,Oe^-=^S40o''+S ; S^O/'^SaOe+S ; S306'VS04''-hS0,+S, or SsOe^+lo 

:==S04''--l-3203''-h2H* and S203''+H-™HS03'H-S. A. Casokri found that a poly 
tliionate containing rt-atoms of sulphur in the molecule yields n—1 mols, of 
sulphuric acid when treated with hydrogen dioxide : NaoS 06 +( 3 n— 5)Ho0, 

+(?^~l)H20-Na2S04+(^'-l)H2S04+(3n™5)H20. If thc*^ soln, be (puite 
neutral, the acid can be determined by titration with standard alkali. According 
to H. Debus, mercurous nitrate gives a yellow precipitate with penta- 
aiid tetra-thionate soln., and a black precipitate with trithionate soln. ; copper 
sulphate gives no reaction in the cold, but gives a black precipitate with trithionate 
in boiling soln. ; barium chloride gives no precipitate with soln. of any of the 
polyfchionates ; mercury cyanide forms mercuric sulphide and sulphuric acid • 
HgCy2+H2S406-2HCy+HgS40c ; and HgS4O6+2H2O=HgS+S+2H2S04i 
HgCy2-|-H2S50o+2H20=2H2S04+2S+HgS+2IiCy. According to A. Longi and 
L. Bonavia, potassium permanganate, in alkaline soln., oxidizes potassium sulphite, 
thiosulphate, tritliionate, tetrathionate, sulphide, and polysulphide to potassium 
sulphate ; potassium dithionate is not oxidized at all, and the oxidation of the tri- 
or tetra-thionate proceeds slowly. Sodium dioxide immediately and completely 
oxidizes sulp>hites, thiosulphates, trithionates, tetrathionates, sulphides, and 
])olysiilpliides, but acts very slowly on the dithionates. Some typical reactions of 
the polythionic acids, summarized mainly by T. Takamatsu and W. Smith, are 
given in Table XVII. According to J. J. R. Valeton, these reactions of pentathionic 
acid are given also by hydrosol s of sulphur. 

The constitution of the polythionic acids. — C. W. Blomstrand, and D. I. Mende- 
lee:S based a theory of the constitution of the polythionic acids on the type theory 
— 1 . 5 , 16 — ^in which the univalent radicle SO2OH, or HSO3, replaces the radicles 
of hydrogen, hydrogen sulphide, or the hydrogen polysulphides. The sulphonic 
radicle SO2.OH thus corresponds with the carboxylic radicle CO.OH of organic 
chemistry. Thus, replacing one hydrogen atom in the hydrogen molecule by the 
HS03-radicle furnishes sulphurous acid H.HSOjj ; and replacing both hydrogen 
atoms by this radicle yields dithionic acid, HSO3.HSO3 ; replacing a hydrogen 
atom in hydrogen sulphide by HSO3 yields thiosulphxiric acid, HS.HSO3, and re- 
placing both hydrogen atoms in a similar way furnishes trithionic acid, 
HSO3.S.HSO3, replacing both hydrogen atoms of hydrogen disulphide by the HSO3 
radicle yields tetrathionic acid, HSO3.S.S.HSO3 ; and proceeding similarly wili 
hydrogen trisulphide there is obtained pentathionic acid, HSO3.S.S.S.HSO3. The 
acids are thus formulated : 

SO2.OH ^ SO2.OH S.SO2.OH S.SOa.OH 

SO2.OH S.SOa.OH ^‘^S.SOa.OH 

Dithioixic acid. TritMonic acid. Tetrathionic acid, Pentathionic acid. 

The analogous thiosulphuxic acids are unknown. This hypothesis is supported by 
the experiments of W. Spring in which a trithionate was produced by the action 
of sulphur diohloride on a neutral sulphite : SCl2+2(K.S020K)=2KCl 

+S(S02.0K)2 ; similarly, sulphur monochloride also yields a trithionate mixed with 
some thiosulphate, and not the tetrathionate as was anticipated by D. I. Mendekefi : 
S 2 Cl 2 + 2 (K. 802 . 0 K)=S 2 ( 802 . 0 K) 2 + 2 KCl. W. Spring, however, used waterinhis 
experiments ; and H. Debus pointed out that the sulphur diohloride then decomposes 
into sulphurous and hydrochloric acids and sulphur. If the concentrations of 
the reacting substances are such that the hydrochloric acid produced decomposes 
half the potassium sulphite into potassium chloride, water, and sulphurous acid, 
the potassium sulphite and sulphur will form potassium thiosulphate which, reacting 
with the sulphurous acid, produces trithionate. The synthesis of these acids by the 
iodine reactions, and their decomposition by sodium also support tMs hypothesis, 
but the argument is not decisive because the results admit of several interpretations 
— vide infra. H. Bauhigny said that the formation of dithionates by heating silver 
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sulphite or sodium silver sulphite shows that dithionic has two sulphonic radicles. 
P. PascaFs magnetic observations favoured HO.SOo.OH ior dithionic acid, and 
HO.S02-S^,S02.0H for the polythionic acids ; and likewise A. Colefax supported 
the chain formula from his observations on the removal of sulphur from the tetra- 
thionate by a sulphite so as to form a trithionate and thiosulxjhate. F. Calzolari, 
and T. S. Price and D. F. Twiss emphasized the relationship of the tetrathionates 
HO.SO2.S.S.SO2.OH and the persulphates KO.SOo.O.O.SOo.OH. J. von Szilagyi 
said that the trisulphide formula for trithionic acid is supported by the forniatioii 
of that acid by the decomposition of potassium arsenothiosulphate 

(K0.S02.iS)3As+As:(S.S02.0K)3==:As2S3+3(K0.S02.S.S02.0K). 

C. W. Blomstrand, and D. I. MendeleejS’s mode of viewing the constitution of the 
polythionic acid favours the asymmetric formulae for the sulphites and thiosulphates 
(g.'y.). A. Michaelis based formulae for dithiomc and trithionic acids on the 
symmetrical formula of sulphurous acid, SO (OH) 2, and formulae for tetrathipnic 
and pentathionic acids, on the asymmetrical formula of thiosulphuric acid, 
HO.SO2.SII. This hypothesis furnishes : 

HO.SO.O HO.SO.O HO.SO.O.S HO.SO.O.S 

HO.SO .6 HO.SO.O'^ HO.SO.O.S HO.SO.O.S^'- 

Bithionic acid. Trithionic acid. Tetrathionic acid. Pentathionic acid. 

According to M. Berthelot, the thionic acids may be regarded as derivatives 
of condensed simple or mixed anhydrides, which are themselves derived from thio- 
sulphuric and sulphurous anhydrides. Thus, thiosulphuric acid is derived from 
the anhydride S2O2 by the action of water S202+H20=H2S203. This can give 
rise to a series of condensed anhydrides, ^S202.{^^-— m)Il20, where the basicity of the 
resulting acids is proportional to m. Thus, when w=5 and m=3, pentathionic acid, 
5S2O3.2H2O, or 2H2S50(5, is formed ; when sulphurous acid, SO2.H2O, is present it 
may behave in a similar way, and the mixed condensed anhydrides, 4S2O2.SO2.H2O, 
is tetrathionic acid ; S2O2-4SO2.2H2O is trithionic acid ; and 4S2O2.SO2.2H2O is 
said to be the acid obtained in the first crystallizations when preparing penta- 
thionic acid by H. Debus’ method. This is said to be supported by the behaviour 
of the thionic acids with an excess of alkali hydroxide. 

H. Debus started from the asymmetrical formula of the sulphites, H.SO2.OH, 
and the assumption that the sulphur of the polythionates enters the molecule via 
the H-S02“Oomplex, forming HS2.SO2-, and HS.S.S02-radicles. A molecule of 
potassium sulphide can combine with 2, 3, or more atoms of sulphur to form a series 
of polysulphides, and this property is not lost in the combination K.S02-xadicle, 
Hydrogen sulphide also takes up more sulphur, formiiig the polysulphides. This 
association of sulphnr occurring with the sulphides and the thionic acids confirms 
similar properties on the compounds in wMch they occur. Tetrathionic acid con- 
tains the radicles HS, and HO, and pentathionic acid, the radicles HS2 and HO. 
Thus, 

H.SO2.O HS.SO2O HS.S.SOa.O HS.S.S.SO2.O 

HO.SO2.S HO.SO2.S HO.SO2.S HO.SO2.S 

Trithionic acid. Tetrathionic acid. Pentathionic add. Hexathionic acid. 

H. Debus quoted the following facts in support of his hypothesis. The formation of 
potassium tetrathionate from potassium thiosulphate and iodine might he quoted 
in support of any one of the formulae : KO.SO2.S.SBO2K ; KS.SO2.O.O.SO2SK ; 
or KS.SO2.O.S.SO2.OK. The loss of an atom of sulphur by the tetrathionate 
would give respectively the formulae S(S02.0K)2 ; K.SO2.O.O.SO2.SK ; or 
K.S020.S.S0£.0K. Potassium trithionate, like potassium sulphite, can take 
up an atom of sulphur in statu nascenii, and this is taken by H, Debus to mean 
that both contain the same radicle K.SO2. This is supported by the formation of 
the trithionate from potassium hydrosulphite and sulphur. This does not favour 
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tlie formula S(S02.0K)2 for the tdthionate. If an atom of sulphur is removed from 
the trithionate, it decomposes into sulphate and sulphurous acid, and from these 
materials the original salt cannot be obtained by direct corn] )i nation. Hence the 
existence of the polythionate is dependent on the one sul})hur atom. This favours 
the formula K.SO2.O.S.HO2.OK, but not K SO^-O.O.SO^eSK. IT, Debus continued, 
if potassium pciitathionate has the constitution it might be anticipated 

that bromine would react: S3(S02.0lv)2+Br2d-2H20 ™3!d-l 2KBr+2H2S04; 
actually, the reaction proceeds nior(‘ in acc-ord witli 2K2S50(j+8Br2+15HQd 
=4KBr+4S+6H2S04+12HBr, and if less bromine is used, a proportionate 
quantity of pentathionate remains undecomposod ; two atoms of the sulphur of 
a. mol. of potassium pentathionate, 1^2850^, are precipitated as such, and three are 
oxidized to sulphuric acid. The conclusion is that the three oxidizable atoms of 
sulphur are already in the mol of pentathionate in combination with oxygen, and 
are so in the trithionate resulting from the decomposition of the pentathionate. 
According to IC. Jellinek, and I. M. Kolthoff, the oxy-acids of sulphur can 
be arranged in the order of increasing strength in the series : H2SO3, H2S2O4, 
H2S2O3, H2SO4, H2S2O6, and H2S3O6, so that dithionic and trithionic acids are of 
about the same strength, and so arc thiosulplmric and sulphuric acids, whilst 
sulphurous acid is the weakest of the scries, and hydrogen siilj)hide is weaker still. 
The relative stabilities of the polythionic acids have been discussed by E. H.Riesen- 
feld and G. W. Feld, and E. Forster and A. Hornig. I. V ogel said that in accord with 
the thermal data of F. Martin and L, Metz, the stabilities should decrease in the order 
dithionic, trithionic, tetrathionic, and pentathionic acid, since the heats of forma- 
tion, Q Cals., arc : 

-Iti-jSOg £12^2^3 

Q . . 415 401 393 380 273 283 

H. Bassett and R. G. Durrant, however, added that this statement can have a 
definite meaning only when referred to specified conditions. They added that the 
proportions of tri, tetra-, and penta-thionic acids which can exist in a soln. depend, 
among other things, upon the hydrogen-ion concentration, increase and decrease 
of winch favour the formation of penta- and tri-thionic acid, respectively. The 
effect of change of acidity is so great that the separation of sulphur on addition of 
alkali is almost as delicate a test for pentathionate as is the ammoniacal silver 
nitrate test. H. Hertlein found that the sp. refractivities of the potassium salts 
differed by about 15 units per atom of sulphur. This corresponds with the refrac- 
tivity of bivalent sulphur, and it was therefore assumed that the polythionate 
sulphur atom is bivalent. He argued that when a metal is directly attached to a 
sulphur atom there is a great tendency to form complex ions with mercury or silver 
salts, and this can be detected by e.m.f. measurements. Thus, the e.m.f. of the 
combination Ag 1 0-00222V'-AgN03 against a standard calomel cell is —' 0*92 volt, 
and when is added, and the complex salt KAgS203 formed— complex 

ion AgS203' — ^the e.m.f. rose to — 0*23 volt. At a dilution of 20 litres, the e.mJ. 
were : 

KaSaO^ 

. 0-90 0*79 0-89 0*88 

The slight change in the e.m.f. here observed indicates that no complex ion is formed, 
and that the metal is not therefore directly attached to sulphur as in H. Debus’ 
formula. Consequently, H. Hertlein said that the hypothesis of D, L MendeM 
on the constitution of the polythionates harip.onizes better with the ionic theory 
than is the case with H. Debus’ hypothesis — vide supra, the thiosulphates. 

I. Vogel showed that the chain formulae do not give a rational explanation of 
the gradual increase with time of the relative quantities of tetrathionates and penta- 
thionates in the products of the interaction of sulphur sesquioxide with water, etc- 
of the exclusive formation of trithionate in the reaction between a cone. soln. m 
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potassium acetate and a soln. of sulphur sesqiiioxide in oleum (I. Vogel and 
J, R. Partington) ; the liberation of two atoms of sulphur from pentathionates by 
bromine and by mercuric cyanide (H. Debus), and by mercuric chloride (A. Sander, 
and E. H. Riesenfeld and G. Eeld) ; the sepaiation of one atom of sulphur from 
pentathionates by treatment with a cold soln. of sodium carbonate (F. Rascliig) ; 
the conversion of tetrathionates into pentathionates by acidified soln. of sodium 
thiosulphate, and the formation of dithionates by the action of acid soln. of potassium 
permanganate on trithionates (F. Raschig) ; the strong acidity of the pol}Uhionic 
acids,' and the non-formation of complex ions with mercury and silver salts 
(H. Hertlein) ; and the difierence in the refractivity corresponding with bivalent 
sulphur between two consecutive polythionates — e.g. K2S4O6 and KoSgOg (H. Hert- 
lein). 

While C. W. Blomstrand, and D. I. MendeleeS assigned the formula of the poly- 
thionates to the persulphidic type — e.g. HSO3.S.S.HSO3, derived from NaO.SOo.SNa 
for sodium thiosulphate — A. Gutmann preferred the peroxidic type — e.g. 
HS2O2.O.O.HS2O2, or 


NaO^ 


,S S 


0.0 




derived from S . S(0Na)2 : 0 for sodium thiosulphate. Perdisulphuric acid readily 
loses oxygen — i.e. it is an oxidizing agent ; tetrathionic acid readily loses sulphur — 
e.g. it is a sulphurizing agent, for it converts a sulphite into a thiosulphate, and a 
cyanide into a thiocyanate. A. Gutmann said that the reaction of tetrathionate 
with sodium arsenite in alkaline soln., forming two mols of monosulphoarsenate, one 
mol of arsenate, and two mols of sulphite, can he symbolized in skeletal form : 
8405=28+0+2802 ; hence, the withdrawal of two atoms of sulphur from a mol 
of tetrathionate would form residues which, uniting in pairs, would give a dithionate 
if the structure is of the perdisiilphidic type, and this would not give arsenate and 
sulphite because dithionates do not react with arsenites. T. S, Price and J>. F. Twiss, 
however, showed that it is more likely that the two NaSOs' -residues would react : 
2NaS03'+2]S[aOH=2!N'a2S03+H20+0 ; and similar explanations would apply 
to sodium trithionate, and to the action of potassium cyanide on the tetrathionate. 
Hence, A, Giitmann’s argument against the persulphidic formula has but little weight. 
J. E. Mackenzie and H. Marshall also add that on the persulphidic formula, the 
reaction between a thiosulphate and persulphate to form tetrathionate and sulphate 
is symbolized : 2(MS03)8H+(HS03)0.0(MS03)=(MS03)S.S(MS03)+2(MS03)0H, 
and, if, as A. Gutmann supposed, the rupture of the peroxidic union in the persulphate 
is associated with the formation of an analogous union in the tetratMonate, the 
reaction is symbolized : 2(MS202)0M+(MS03)0.0(MS03)=(MS202)0.0(S202M) 
+2(MS03)0M. Such a reaction would he of an exceptional character because 
peroxidic union cannot generally be brought about by iodine ; rather is iodine 
liberated from iodides by peroxides or analogous compounds. J. E. Mackenzie 
and H. Marshall add that the striking point about A. Gutmann’s reaction with 
an alkaline soln, of sodium arsenite is that instead of the arsenite removing sulphur 
only, oxygen is also removed to form arsenate and sulphoarsenate. To explain 
tHs without resorting to A. Gutmann’s formula, it is merely necessary to assume 
that the first action of the alkaline arsenite soln. is not to remove oxygen or sulphur 
from the tetrathionate, but to add sodium and so reduce it to thiosulphate 
as in W. Spring’s reaction ; and the thiosulphate then reacts with the 
alkaline arsenite, forming sxxlphite and monosulpharsenate. If hydrochloric 
acid be added to a mixture of arsenate and iodide, arsenic trichloride and 
iodine are produced, hxit in the presence of alkali (carbonate), arsenite and 
iodine interact to form arsenate and iodide ; similarly, when hydrochloric 
acid is added to a mixture of arsenate and thiosulphate, arsenic trichloride 
and tetrathionic acid are formed, and it may therefore be surmised that the change 
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will be reversed in tLe presence of alkali, and that arsenite and alkali-lye will form 
arsenate and thiosulphate. A, Gutmann expected that an alkali cyanide would 
react with the tetrathionate, forming sulphite, cyanate, and thiocyanate, but tbe 
reaction is symbolized: Na2S406+2NaCy-l-2NaOH=Na2S04+Na2S03+2]SIaCTS 
-I-H2O. A. Gutmann said that the reaction is^ slow ; but J. E. Mackenzie and 
H. Marshall found it is fairly rapid. The alkali is not necessary, but if omitted 
twice as much cyanide is necessary to complete the change : Na 2 S 40 (j+ 4 NaCy-[-Hqd 
=Na2S03+Na2S04+2NaCyS+2HCy~the presence of a great excess of by(ho. 
cyanic acid seems to have no influence on the reaction. Instead of assuming that 
the tetrathionate is reduced to thiosulphate, it is assumed that the cyanide simply 
removes the two connecting sulphur atoms, leaving the two SOsNa-groups, which 
then interact with formation of sodium sulphate and sulphur dioxide, thus: 
2S020Na=S02(0Na)2+S02, the sulphur dioxide would act either on the free 
alkali or, in its absence, on the cyanide, forming sodium sulphite. The formation 
of sulphate and sulphur dioxide from the two NaS 03-groups would be to 
some extent analogous to one of the actions observed at the anode in certain 
electrolytic decompositions ; for example, the formation of methyl acetate 
from two CH3.C02-groups during the electrolysis of an acetate soln. : 
2GH3.C02=0H3.C02.CH3+C02. The diflerence in the action of the alkahne 
arsenite soln. and of the alkaline cyanide soln. on tetrathionate is therefore easily 
explicable, using the persulphidic formula, and is due to the preliminary formation 
of thiosulphate in the first case and not in the other. E. Weitz found that the 
ammonium salts of monobasic acids are more soluble in ammonia than in water, 
while the salts of the polybasic acids are less soluble ; by this test, dithionic acid is 
monobasic, or rather “ doubly monobasic ” (HS03)2, since there are two separate 
nuclei in the molecule, each containing an acid-hydxogen atom. 

E, Easchig assumed that in the reaction between hydrogen sulphide and sulphur 
dioxide a very labile SO-group is formed : S02+fi2S=S04-S+H20, and just 
as 3 mols. of acetylene condense at high temp, to form the benzene ring, so do five 
SO-groups condense to form the ring : 


SO< 


so.so 

so.so 


which reacts with water to form pentathionic acid. He proposed the following 
formulae fox the polythionic acids : 

SO 2 OH S==S02.0H S=S02.0H ^S=S02.0H 

SOgOH SO 2 .OH S=S02.0H ^^S=S02.0H 

Dithionio acid. Trithlonic acid. Tetrathionlc acid, Pentathionic acid. 

The S02-group is supposed to be constituted : 

s<g 

H. Debus, E. H. Eiesenfeld and G. W. Feld, and F. Raschig pointed out that 
ditbionic acid difiers in many respects from the other thionic acids so that sorne 
exclude dithionic acid from the polythionic acid group. Thus, dithionic acid is 
produced by the oxidation of sulphur dioxide by pyrolusite, or potassium permanga- 
nate, whilst the other thionic acids are produced by the reduction of sulphur dioxide 
by hydrogen sulphide ; also dithionic acid is comparatively stable and very slowty 
decomposed by boiling with cone, hydrochloric acid, whilst the remaining thionic 
acids are unstable and are readily decomposed under the same circumstances. 
Hence, it seems that the constitution of dithionic acid must difier from that of tri-, 
tetra-, and penta-thionic acids. J, A. Christijansen favoured the assumption that 
tetrathionic and pentathionic acids contain a six-membered ring, and said that the 
hypothesis is favoured by the bimolecular character of the vapour of sulphur 
trioxide. This corresponds* with the formulae : 
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0*0 

H0.S.S.^4jj 

ao 

Tetrathionic acid. 


0-0 



\ 

. s . s 

/ 


o.d 


.s 


Pcntathionic acid. 


B. H. Riesenfeld and G. W. Eeld suggest applying co-ordination formulae to 
these acids, but they were not sure if the co-ordination number of sulphur is 4 or 6. 
F. Martin and L. Metz showed that the co-ordination number is 4, and valency -f6 ; 
whilst the co-ordinated atoms have a valency of —2. Thus, 


r 1 

0 0 

m 

p 0 

w w 


HfO s 0] 

hLs ® oj 


«[2 ^ 

Sulphiiric acid. 


Thiosulphuric acid. 


Perdisulphnnc acid. 

In the polythionic 

acids : 




h[o S 8 

0 0 

1 1 

-[S ^ ?].G 

» s 


Trithionic acid. 


Tetrathionic acid. 

Pentathionic acid. 


These formulae explain the ready loss of a sulphur atom from the pentathionates ; 
the interconversion of the polythionic acids ; the presence of bivalent sulphur ; 
their strong acidity ; the non-formation of complex ions ; and also H. Hertlein’cs 
measurements. I. Vogel added that these are the only formulse for the polythionic 
^cids which explain all the facts known at the present time. I. Vogel also suggested 
the formulae 


SO 2 OH 
SO,. OH 
Dithionie acid. 


SO,.OH 
^^SOa.OH 
Trithionic acid. 


S:S< 


SO 2 -OH 

SOg.OH 


Tetrathionic acid. 


S:S:S< 


SO, OH 

SOjj.OH 


Fentatbioiuc acid. 


H. Bassett and E. G. Durrant agreed with this formula for trithionic acid, and also 
for tetrathionic acid, but there is probably a tautomeric form of tetrathionic acid 
(q.v.) with D. I. Mendeleeff’s chain formula, stable in alkaline soln. ; but they 
preferred the formula : 

S 

HO.SO 2 .S.SO 2 .OH 

S 


for pentathionic acid ; and added that it is the tendency of the central sulphur atom 
in trithionic acid, to become co-ordinated with four other atoms in all which is the 
prime cause of the readiness with which tetrathionic acid and pentathionic acids 
are built up from trithionic. This building-up process comes more or less to an end 
with the symmetrical pentathionate, and on these grounds the existence of hexa- 
thionic acid is improbable. Higher polythionates than pentathionate only seem 
likely if the two central sulphur atoms in the straight-chain form of tetrathionic acid 
can add on additional sulphur atoms in the same way as does the one central sulphur 
atom of trithionic acid. The building-up process in this case would come to an end 
with octothionio acid : 

SS 

0H.S02,S.ksO2.0H 
1 I 
SS 

with hexa- and hepta-thionic acids as intermediate stages.' 
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§ 40. Ditluonic Acid 

In 1819, in tlieir memoir : Sur un acide nouveau forme par le soufre et Voxygene, 
J. L. Gray Lussac and J. J, Welter i described tbe prej^aration of what they called 
Vadde hyposnlfurique. Tlie composition was intermediate between that of 6ul- 
pbiirous acid and that of sulphuric acid, and by analogy with hyposulphurous acid, 
it was called hyposulphuric acid, and later ditMonic acid, H 2 S 2 O 6 . J. L. Gay Lussac 
and J. J. Welter prepared the acid as follows : Dithionic acid is obtained by passing 
sulphur dioxide into water with manganese dioxide in suspension. The reaction 
takes place q^uickly, and a neutral soln. of manganese sulphate and dithionate is 
formed. An excess of baryta is added when the barium dithionate remains in soln. 
while the barium sulphate is precipitated. Carbon dioxide is passed through the 
filtrate which is then warmed to driwe of! the excess of carbon dioxide and precipi- 
tate any barium carbonate in soln. The liquid is evaporated for crystallization. 
The resulting barium dithionate is purified from calcium salts by recrystallization, 
and decomposed by sulphuric acid so as to precipitate the barium as sulphate, and 
liberate the dithionic apid. The aq. soln. of the acid is without odour; and 
when exposed over cone, sulphuric acid in vacuo, at 10®, the liquid can be concen- 
trated until its sp. gr. is 1-347 without volatilization. If the concentration be 
carried much further the liquid decomposes into sulphur dioxide and sulphuric acid. 
J, J. Berzelius recommended removing any manganese hydroxide from the manganese 
dioxide by means of nitric acid, otherwise sulphate is also formed later on ; and 
W. Delfis added that if the manganese dioxide contains iron, none of that element 
passes into soln. F. Heeren employed five parts of water to one part of finely 
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poTvclered manganese dioxide ; treated tke filtrate witli barium sulpiiide, instead 'ji 
the liydroxicle, and after treatment with carbon dioxide, boiled the liq_md to drive 
ofi the carbon dioxide and hydrogen sulphide, and precipitate the barium carbonate. 
The filtered liquid was evaporated for crystallization. F. Heeren said that the 
equation Mn02H-2S02==MnS206 does not represent the reaction because the 
dithionate is always accompanied by manganese sulphate in amounts varying 
from about 12 to 26 per cent. The amount of sulphate formed is greater, the higher 
the temp., and the coarser the powder of manganese dioxide. W. Spring and 
L. Bourgeois said that nine times as much sulphate may he produced as dithionate, 
and the amount is greater the higher the temp, and the finer the powder. F. Heeren 
added that if the dioxide also contains the lower oxide sulphate and sulphite will be 
produced : Mn203+2S02=MnS04+MnS03. On the other hand, \Y. Spring and 
L. Bourgeois represented the formation of sulphate in the production of manganese 
dithionate, Mii02+2H2S03=2H204-MnS206, as a side-reaction jlin02-rS02 
=:MnS04 ; J. Meyer considered that, in the cold, manganic sulphite is formed as 
an intermediate product : 2Mn02+3H2S03=Mn2(S03)3-f 3H2O+O ; followed by 
Mn2(S03)3=MnS03+MnS206, and MnS03+0=MnS04 ; and added that manga- 
nous but not manganic sulphite can be detected in the liquid. F. Heeren found that 
liquid sulphur dioxide has no action on manganese dioxide. F. von Hauer prepared 
the alkali dithionates by boiling aq. soln. of alkali sulphites with manganese dioxide ; 
and H. Baubigny, by boiling a soln. of potassium silver sulphite ; he also made 
sodium dithionate as follows : 

Boil for half an hour an aq. soln, of silver nitrate (9 grms.) with sodium sulphite 
grms.). The clear liquid is treated with barium nitrate, followed by slight excess ot 
sodium carbonate ,* after filtration, it is neutralized exactly with nitric acid and evapo- 
rated to crystallization. The product is purified from sodium nitrate by takmg advantage 
of the greater solubility of the latter in 50 per cent, alcohol. 

J. L. Gay Lussac and J. J. Welter said that lead or barium dioxide does not act 
in the same way. This was confirmed by H. C. H. Carpenter, while C. F. Eammels- 
berg added that lead dioxide has scarcely any action on sulphurous acid ; barium, 
magnesium, and sodium dioxides produce sulphates ; and mercuric oxide gives 
no dithionate. H. Hac obtained dithionates by oxidizing warm, aq. soln. of 
the normal alkali sulphites with red-lead — ^manganese dioxide was ineffective. 
The milder oxidizing agents represented by the hydroxides of the tervalent 
iron family give better results, and A. Gelis prepared the dithionate by 
passing sulphur dioxide into water with ferric hydroxide in suspension. The red 
soln. which is formed was fir^t observed by P. Berthier, and, as proved by K. Seubert 
and M. Elten, it consists of a soln. of ferric sulphite : 2Fe(0H)3+3S02=Fe2(S03)3 
+3H2O. H. C. H. Carpenter observed that wMle freshly precipitated, unwashed 
ferric hydroxide is quicMy dissolved by sulphurous acid, the hydroxide quicMy 
ages, even during the washing, and the speed of the reaction rapidly slows down. 
A. Geiis found that when the liquid is allowed to stand for some time, it becomes dark 
green owing to the formation of ferrous sulphite and dithionate: Fe2(S03)2=FeS03 
+FeS 206 . In support of this hypothesis, M. J. Fordos and A. Gelis observed that 
ferric sulphite decomposes in this manner. A. Gelis added baryta-water to the liquid, 
and treated the filtered soln. of barium dithionate as in J. L. Gay Lussac and 
J. J. WelteFs process. IJ. Antony said that the reaction proceeds further, for some 
of the ferrous sulphite is oxidized by the sulphuric acid to form dithionate : FeSOg 
-i~H2SO4=H2O-f“FeS2O0. J. Meyer denied that this reaction really occkrs. He 
said that sulphuric acid is stronger than sulphurous acid, and that it makes no 
difference whether sulphurous acid is added to a sulphate or sulphuric acid added to a 
sulphite, in no case is any dithionate formed with soln. of ferrous or manganous 
salts and sodium sulphite or hydrosulphite. U. Antony and E. Manasse said that 
both manganous and ferrous sulphites react with sulphuric acid to form dithionate. 
J. Meyer stated that ferric, cobaltic, and nickelic hydroxides oxidize sulphurous 
acid to dithionic acid and the sulphite of the bivalent metal. H. C. H. Carpenter 
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believed that the ferric salt eniployed by A. Oc'dis contaiiuMl some manganese 
inipuritj. IF. 0. li. C!<xrpont(‘r\s n^sulLs with tlussc hydroxidiis ar<‘ shown in Table 
XVIJI, along with itic h(‘ats of the reducliou typiiied by 2hV(OH)3=2Pe(OHh 
+ 04-H^0— 518 cals. It tlun'tdorc follows t-hat the gr('at(‘r tlu‘ energy required for 
the reduction of the hydroxidt's, the larger the p(n'C(‘ntag(^- yiedd of clithionic acid 
The energy necd< id for the nuiction with ferric hydroxide, is such that the process 
stops at the stage : 2F(',(Oll);H ; very little, if any, 

IS expended in the reaction FeS^Oo" - 1 -SOa, although with inangaiiic hydroxide 

about a quarter, and with cobaltici hydroxidi^ about two-thirds, of the dithionate 
formed is decomposed in this manmn\ In the exothermic process with nickelic 
hydroxide, the einu'gy suflices to convert all t.lic dithionat.('. to sulphite. P. BertHer 
found that potassium chromate or dichromatc oxidizes sulplmrous acid to dithionate 
and sulphate, and H. Bassett obsc^rved that wlum chromic acid, or potassium 
chromate or dichroniate, is reduced by sulphurous acid, 94 to 95 per cent, of sulphate 
and 5 to 6 per cent, of dithionate are formed, and that tlui r{‘sults are independent of 
tlie temp. 


Table XV''UL--Tjiu Oxidation of Sonriuntous to Dithiontc Acid by the 
Htohke Hyokoxidrs of tuu Ikon Family. 


Hydroxides. 

Dithioimtc per cent, j 

Sulphate per e(uit. 

Fe(OH) , 

96-19 


Mn<OH >3 . . . 

75-02 

25-42 

Co(OHk ... 

36-02 

63-50 

Ni(OH)3 ... 

Nil 

101-04 

1 


Jleat of reduction in cals. 


-546 
-448 
-225 
+ 13 


U. Antony and A. Lucchesi found that ruthenium sulpliatc acts as an oxidizing 
agent on sulphurous acid, forming the ditliionate : Ru (804)2 +S02-f2H20==RiiS04 
+2H2SO4 ; and EuS04+S02===RuS20e ; A. Benratlx and K. Ruland, ceric sulphate ; 
and U. Antony and E. Manasse found that ferric sulphate reacts similarly 

— thcxc is an 80 per cent, yield of 
dithionate at 0°, whilst none is formed at 95®. Sulphates of the type FeS04 do not 
react like RUSO4, fox they produce no dithionate with sulphurous acid. J. Meyer 
said that in the case of ruthenic sulphate, Ru (804)2, sesquisulphate, Ru2(S04)3, 

is first formed; this reacts with sulphurous acid, forming the sesquisulphite, which 
then decomposes into ruthenous sulphite and dithionate as in the case of ferric sulphite. 
J, Meyer said that dithionates are not produced by the action of normal or acid 
sulphites or of sulphurous acid on ferrous sulphate or manganous sulphate, this ^eing 
eq. to the action of sulphuric acid or a sulphate on the corresponding sulphite. 
There are other ways of oxidizing sulphurous acid, or sulphites to dithionates. 
Thus, V. A. Jacquelain, and F. Rochleder stated that when soln. of sulphurous acid, 
or ammonium hydrosulphite, are exposed with imperfect access to air for a few years, 
sulphate and dithionate arc produced. M. Berthelot found that a soln. of per- 
sulphuric acid in sulphuric acid will oxidize sulphurous acid to dithionic acid ; and 
B. Rathke and co-workers obtained a similar result with selenium and alkali sulphite 
— ^it is assumed that a selenotrithionate is first formed which then decomposes 
into alkali dithionate and selenium : K2S2Se06~K2S20e+Se. F. Heeren, and 
T. S. Bymond and F. Hughes observed that acidic soln. of potassium peimangana^ 
oxidize sulphurous acid to dithionates. H. Buignet said that the permanganate is 
first reduced to manganese dioxide which then acts as indicated above : 2KMn04 
”l~6S02"i“2H20==2RHS04“+2MnS04-|-U2^2^6"'™~®^^^ mol. of dithionate is accom’ 
panied by 4 mols of sulphate, L. P. de St. Gilles, and M. J. Fordos and A. Gelis 
said that in alkaline soln., the sulphite is almost completely oxidized to sulphate. 
N. Sokolofi and P. B. Maltschewsky said that a dil. soln. of iodine in potassium 
iodidcwill oxidize alkali hydrosulphite to dithionates, 2NaHSO3+2I:=2NaI+H2S0e 
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—the yield is about 20 per cent, of the theoretical, the rest passes into sulphate ; 
W- Spring and co-worke.rs said that no dithionate is formed since the reaction pro- 
gresses : 2NaHS03+4I-f-2H20=4HI+2NaHS04. R. Otto at first confirmed and 
later denied that dithionate is formed. A. Frie^siier and co-workers studied the 
electro-oxidation of neutral or alkaline (not acidic) soln, of sodium sulphite with a 
high anodic potential. By polarizing a platinized platinum anode anodically in a 
soln. of sodium hydroxide before use, the formation of dithionate is insured, wiiereas 
a cathodically polarized or a depolarized electrode gives no dithionate. A smootli 
platinum anode soon becomes polarized in the sulphite soln. itself sufficiently to 
produce dithionate even if it is initially depolarized. The formation of dithionate is 
favoured by a rise of temp, to 60°— 70° ; it is practically unafiected by the cone, of 
the sulphite soln. The latter fact together with the fact that it is not formed iu 
acidic soln. shows that the dithionate is produced from SO3" ions, and the reaction 
is represented: 2S03"+20H'-[-2H*-[-2^ =S20(5"-|-2H20. A soln. of dithionic 
acid or of one of its salts is not reduced at the cathode, and undergoes very little 
oxidation at the anode. According to O. Essin, the addition of up to 0*1 per cent, 
of ammonium fluoride to the electrolyte increases the yield of dithionate, hut a 
higher proportion lessens the yield ; a pre-ignition of the anode, and a pre-polariza- 
tion of the anode increase the yield of dithionate. Under favourable conditions no 
more than a 45 per cent, yield of dithionate could he obtained. 

A. Nabl observed that when a 33 per cent. soln. of sodium thiosulphate is mixed 
with the calculated quantity of hydrogen dioxide, and an acid added from time to 
time to keep the liquid neutral, sodium dithionate is formed : 2NaS203-rH202 
=2Na0HH-Na2S206 ; if an excess of hydrogen dioxide is used, the dithionate 
is oxidized to sulphate : H2S20e+H202=2]El2S04 ; and in an alkaline soln., 
16]Sra2S203+8H202=12NaoS203+2Na2S04-fNa2S206+Na2S406+8H20. L. P. de 
St. Gilles observed that an acidic soln. of potassium permanganate oxidizes thio- 
sulphate to dithionate ; and M. Honig and E. Zatzek, and C. Luckow observed 
the reaction occurs in acetic acid soln. ; in boiling neutral soln., J. Stingl and 
T. Morawsky said that some dithionate is probably formed along with the 
sulphate — vide sujpra, thiosulphuric acid. 

M. J. Pordos and A. Gelis observed that trithionates furnish dithionates when 
treated with an acidic soln. of potassium permanganate. J. Meyer observed that 
acidic and alkaline soln. of hyposulphurous acid are oxidized by hydrogen dioxide 
to sulphuric and dithionic acids ; and H. A, Bernthsen, by iodine in a similar way. 
H. Beckurts and R. Otto observed that dithionic acid is probably formed at an inter- 
mediate stage in the slow thermal decomposition of chlorosulphonic acid into sulphur 
dioxide, sulphuric acid, etc. H. Bunte observed the formation of sodium dithionate 
when sodium ethyl thiosulphate is heated to 100°. P. Raschig obtained dithionates 
by the action of an acidified soln. of potassium permanganate on trithionates. 

Neither dithionic acid, nor dithionic anhydride, S2O5, has been isolated. The 
acid is known only in aq. soln. J. L. Gay Lussac and J. J. Welter found that when 
the aq. soln. of the acid is evaporated in vacuo over cone, sulphuric acid, at ordinary 
temp., it decomposes when the sp. gr. exceeds 1*347, and the aq. soln. also decom- 
poses when warmed, forming sulphuric acid and sulphur dioxide, H2S20e=H2S04 
-f SO2. The aq, soln. of dithionic acid is as clear as water ; it is without smell ; and 
has an acidic taste. J. S. Stas noted a slight decomposition when the aq. soln. has 
been kept a little while ; and W. 0. de Baat found that a 3-4 per cent. aq. soln. of 
dithionic acid is decomposed into sulphuric and sulphurous acids to the extent of 
3 per cent, in 945 hrs. at 25° ; and 20 per cent, in 245 hrs. at 47°. The alkali and 
alkaline earth salts are stable both in the solid state, and in aq. soln., hut the salts 
of the heavy metals are not so stable. K. Kliiss said that the aq. soln. of the alkali 
and alkaline earth dithionates can he heated to 100° Without decomposition, though 
the solid salts decompose into sulphur dioxide and sulphate when heated to 100°. 
Dil. aq. soln. of the heavy metals decompose when boiled, and cone. soln. may give 
off sulphur dioxide at 50°. 
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iiithionic acid was analyzed by J. T. Berz(‘liuH ; and ili(5 salts by P. Heeren 
K. Khiss, K. Xraut, II. Otto, etc. J. J. I3orzcliuB, and H. Kolbe tliought that the 
acid is monobasic; and fcn-ins acid salts as W(‘ll as (a)m|>lcx salts. H. Frey also 
sbowed tluib tlui acid bciuivcs like many monobasic jiculs in bavijig its solvent action 
incrcas<Hl by the addiiioji of ncuinal salts AN, Osiwald liaving showed that with 
polybasic acids, the solviart action is decreased by this iiri'atnn'nt. II. Frey, there- 
fore, gave H8O3 for tli(‘ formula and reganb^d it as analogous in many respects to 
hydrochloric acid. The analogy was weakened whim he found that methylene disul- 
phonic acid also behaves like hydrochloric acid. K. Kliiss, and E. Weitz also 
doubted tiie dibasicity of tlu^, acid. W. Ostwald, howiwer, found tliat the increase 
in the electrical conductivity of the sodium salt with dilutiom -1. 15, 13 — vindicates 
that the acid is dihasic ; and this was c-onlinued by J. Moyerhs observations on the 
conductivity of the barium salt, and on the lowering of tlie f.p. of water by the sodium 
and barium salts. It. llerilein’s obs<nvations on the conductivity of the acid 
support the view that the acid is dibasic — iride supra, the constitution of the poly- 
thionic acids. E. Weitz and il. Stamm siudi('‘d the suI)jeot. A. C. Schnltz-Sellack 
pointed out that the dithionai.e is not formed by th(i union of potassium sulphite 
and sulphur trioxide, so that the acid is only formally infc(umecliate between 
pyrosulphuric acid, 1128207, and pyroanlphurous acid, 1128205. 

E. Cornec found that the curves corresponding with the lowering of the Ip. 
or with the index of refraction of a soln. of dithiouic aci<i during its progressive 
neutralization with a soln. of sodhnn hydroxide have (‘.ach one break corresponding 
with the normal salt, M. Ecrthclot cai(mlatecl for the heat of formation 
(2S,50,H20,Aq.) =206-8 Cals.; J, Thomsen, (2K0w,0,A(].)-:G8-95 Cals. ; {2&0^&q^.,0) 
=53-55 Gals,; (S03a(i.,802a(p) 0-08 (his.; (28, 60,2 MAq.) =279-45 Cals.; 
(2S,50,Aq.)=21l-09 (Jals. ; for the heat of neutralization, 2NaOHaq.+S205a(i. 
=Na2S2O0+H2O-"hAq.=27-O7 (Jals. ; and for tluj heat of oxidation to sulphuric 
acid, 73-74 Cals. W. J. Pope gav(i 31*39 for tlu'i rdraciion cq. of the S206-radicle. 
R. Winger calculated values for the valt'.ncy of the sulphur atoms in the 
dithionates from the X-ray 8])ectrutn. W. Ostwald found the electrical con- 
ductivity of soln. of a gram-cquivahmt of the acid in v litres of water at 25®, to he : 

V . , i 16 m 250 1024 4096 

A . . 79*4 83‘2 87-3 90-0 91-6 90*7 

and H. Hertlein, working at the same temp., foimd the conductivity, A, and the 
degree of ionization, a, to be : 

. . 43*18 86*36 172*72 345*44 690*88 1381*76 

A . - 368*8 378*3 384-8 391*7 395*5 397*4 

a . . 0*896 0*920 0*935 0*952 0*961 0*966 

where the conductivity is expressed in mercury units. The high degree of ioniza- 
tion of the acid indicates that it must be regarded as a strong acid. The transport 
number calculated from observations with the sodium salt is 86*4 ; with the potas- 
sium salt, 83*5 ; with the barium salt, 75-5 ; and with the thallium salt, 96*5, 
K. Jellinek attempted to calculate values for the ionization constant of the acid, hut 
found that the mass law did not apply; M.RudolpM calculated values for the degree 
of ionization and the ionization constant on the assumption that dithionic acid 
is monobasic. 

^ According to D. M. Yost and B. Pomeroy, the rate of decomposition of dithionic 
acid into sulphurous and sulphuric acids, at 50® and at 80®, and in the presence of 
difierent proportions of hydrochloric or perchloric acid, is proportional to the cone, 
of the dithionate and to that of the total acid, provided its cone, does not exceed 
0-6.Y ; but at higher acid cone., the rate increases more rapidly. These facts 
indicate that the catalytic effect of the acid is pro bably one of hydrolysis . W . Spring 
and L. Bourgeois found that dithionic acid is deduced by nascent hydrogen from 
sodium amalgam, to sulphurous acid. R. Otto obtained a similar result with zinc 
and hydrochloric acid — even at 0® ; and he added that the dithionic acid is not spht 
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into sulpliiir dioxide and sulpiiiiric acid. Oxidizing agents can transform ditliionic 
acid into snlplmric acid, Lnt as stated hy A. FiscLer and W. Classen, sodium ditMo- 
nate is not readily attacked by cold alkaline or neutral oxidizing agents, and but 
little in acid soln. All the dithionates tried were reported by J. L. Lussae and 
J. J. Welter, and F. Heeren to be soluble in water. A. Longi and L. Bonavia found 
that sodilim diosilie very slowly oxidizes the dithionates to sulphates. F. Heeren 
said that the acid is not oxidized by lead dioxide ; R. F. Weinland and J. Alfa found 
that when the alkali dithionates are treated with hydroiliorie acids the hydroxyl- 
group of the acid is replaced by fluorine, and fluodithionates are formed. J. L. 0-ay 
Lussae and J. J. Welter, and F. Heeren found that dithionic acid is not aflected by 
cold hydrochloric acid, but when the liquid is boiled, the dithionate or dithionic acid 
is resolved into sulphurous acid and a sulphate without the deposition of sulphur. 
Hence, when an acidic soln. of the dithionate has been boiled a few minutes, it 
decolorizes potassium permanganate, precipitates sulphur from a soln. of hydrogen 
sulphide, and separates gold from a soln. of gold chloride. J. L. Gay Lussae and 
J. J. Welter said that the cold aq. soln. of the acid is not oxidized by an aq. soln. of 
chlorine^ but it is oxidized in a boiling soln. ; and A. J. Balard found that the cold 
soln. is not oxidized by liypoclilorons acid. J. A. Muller found that the action of 
iodine on dithionates is so slow in cold neutral soln. or in soln. acidified with acetic 
acid as not to interfere with the titration of thiosnlphates by iodine soln . The action 
is faster with warm soln., and it proceeds according to the equation ISra 2 S 20 g+l 2 
-f 2 H 20 = 2 NaHS 04 + 2 HI. J, A. Muller found that the reaction is unimolecular, 
and it is therefore assumed that it occurs in 3 stages : (i) the liberation of dithionic 
acid (fast) ; (ii) the decomposition of the dithionic acid into sulphurous and sulphuric 
acids (slow) ; and (iii) the action of iodine on sulphurous acid (fast). Only the 
velocity of the second reaction is therefore measured. The velocity constant is 
0*00836 at 51*3°. C. Mayr and I. Szentpaly-Peyfuss observed that while dithionic 
acid is not affected by bromine in the cold, it is completely oxidized to sulphuric 
acid by bromates in boiling hydrochloric acid soln. According to D. M. Yost and 
R. Pomeroy, the rate of oxidation of dithionic acid by dichromate, bromate, and 
iodate is about the same for these three oxidizing agents, and is independent of their 
cone., and nearly identical with the rate of the decomposition of the acid into 
sulphurous and sulphuric acids. This show.s, as J. A. Muller concluded in the case 
of its oxidation by iodine, that the first step in the oxidation of dithionic acid is 
commonly, if not always, its hydrolysis, and that the sulphurous acid thereby 
produced is then oxidized. F. Heeren found that dithionic acid does not decompose 
hydriodic acid ; nor does it attack liydrogeii sulphide. H. C. H. Carpenter found 
that while barium dithionate is not changed by sulphur dioxide, lead dithionate 
yields lead sulphite and dithionic acid. J. L. Gay Lussae and J. J. Welter, and 
F. Heeren observed that solid dithionates are decomposed by sulphuric acid at 
ordinary temp, with the escape of sulphur dioxide ; but in aq. soln., the effects 
resemble those produced hy hydrochloric acid. J. L. Gay Lussae and J. J. Welter 
said that a cold soln. of dithionic acid is not oxidized by cone, nitric acid. H. Ban- 
bigny said that dithionic acid cannot be completely oxidized to sulphuric acid by 
heating it with aqua regia in open or closed vessels. He oxidized a soln. of dithio- 
nate to siilphate by an excess of sodium carbonate and nitrate. K. Eraut observed 
that when a dry dithionate is heated with ph(^phorus pentacHorides thionyl and 
phosphoryl chlorides are produced ; and it is also decomposed by phosphoryl 
chloride. A. Gutmann found that sodium dithionate is not reduced hy sodium 
arsenite at ordinary temp. According to J. L. Gay Lussae and J. J. Welter, dil. 
dithionic acid dissolves zinc with the evolution of hydrogen, without decomposing 
the acid ; and F. Heeren obtained a similar result with iron. P. Neogi and 
R. C. Bhattacharyya found that dithionates are not reduced by magnesium 
amalgam. J. L. Gay Lussae and J, J. Welter, F. Heeren, and A. Longi and 
L. Bonavia observed that in the cold, dithionates and ditHonic acid are not oxidized 
by potassium permanganate. F. Heeren said that the acid is not oxidized by 
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salts of silver, gold, mercury, and platinum— Table XVIII. DitHonates are 
not decomposed by boiling witb alkali-lye. A. Gutmann said that sodium dithionate 
is not reduced by sodium stannite at ordinary temp. 
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§ 41. The Dithionates 

Only normal and basic dithionates of the dibasic ditbionic acid are knoTO ; 
acid salts have not been obtained. F. Heeren ^ obtained ill-defined, hair-like 
crystals of ammonimn dithionate^ by evaporating, at ordinary 

temp,, the filtrate from the double decomposition of ammonium sulphate, and bariimi 
dithionate. K. Kliiss obtained aggregates of colourless needles, which A. Fock 
said are monoclinic, with the cleavage on the {010)~face perfect. K. Kliiss said tkat 
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when heated for 3 hrs. at 75°, or allowed to stand over cone, sulphuric acid, it loses 
442-4*84 per cent, of water ; and at 130°, the salt is decomposed ; and P. Heeren 
said that when the salt is heated, it loses 18*44 per cent, of water, sulphur dioxide 
is also given off, and ammonium sulphate remains. W. C. de Baat found that the 
salt lost 4*51 per cent, in weight at 70° ; another 0*14 per cent, at 13(V ; 3*97 per cent, 
at 150° ; 30*49 per cent, at 160° ; and 32*78 at 165°. The solubility of the hemi- 
hydrate is 57*05 per cent, at 0° ; 60*14 at 10° ; 62*43 at 20° ; and 64*60 at 30°. 
F. Heeren said that 100 parts of water at 16° dissolve 114*9 parts of the heinihydrate 
— K. Kliiss said 178*6 parts are dissolved at 19° ; both observers found that the 
aq. soln. can be boiled without decomposition ; and that the salt is insoluble in 
absolute alcohol. H. Stamm measured its solubility in aq. ammonia and found 
that soln. with 0, and 6*882 mois of NH^ per 100 grms. of water, dissolved re- 
spectively 1*508 and 2*066 mols of (]SrH4)2S20e. K. Kliiss observed that an isomor- 
phous series of complex salts is formed with the dithionates of bivalent zinc, 
cadmium, manganese, iron, cobalt, and nickel. A. Fock and K. Kliiss observed 
that the evaporation of a mixed soln, of ammonium dithionate and chloride furnishes 
rhombic, bipyramidal crystals of ammoniiim chlorodithionate, (]SrH4)2S206-NH4Fl, 
with the axial ratios aih: c=0*9827 : 1 : 0*9612 ; perfect cleavage on the (100)- 
face ; and with the optic axial angle 2jS?=40° nearly. 

A. P. Sahaneeff evaporated, at a low temp., the filtrate from a mixed soln. of 
barium dithionate and hydxoxylamine sulphate, and obtained crystals of hydrosyl- 
amine dithionates (KH20H)2.H2S206, resembling those of ammonium nitrate. 
If the soln. he evaporated on the water-hath, it is partially decomposed, and at 120°, 
sulphur dioxide escapes, hydroxylamine sulphate remains. The salt is a strong 
reducing agent. The analysis agrees with the above formula, wliich is isomeric 
with ammonium persulphate. Cryoscopic observations on the aq. soln. indicated 
that a mol. of the salt furnishes three ions. A. P. Sahaneeff also obtained long, 
prismatic crystals of hydrazine hydroditMonate, N2H4.H2S20e, i.e. N2H5,HS20e, in 
an analogous manner. The salt is easily soluble in water, and the soln. decomposes 
after standing some time. When the aq. soln. is evaporated over cone, sulphuric 
acid, it yields a mixture of hydrazine sulphate, and hydrazine dithionate^ 
2]Sr2H4.H2S20(5, i.e. (N2H5)2S206, which is easily obtained by adding barium dithio- 
nate to a soln. of hydrazine sulphate previously neutralized with hydrazine hydrate. 

C. F. Eammelsherg prepared lithium dithionate, Li2S206.2H20, by double 
decomposition with barium dithionate and lithium sulphate. H. Topsoe gave 
2*158 for the sp. gr. of the rhombic, bipyramidal crystals which, according to 
H. Topsoe and C. Christiansen, have the axial ratios a:h: c=0*9657 : 1 ; 0*5779. 
The (lOO)-cleavage is perfect, the optic axial angle 2F=78° 16', and 2F=159° 45' ; 
and the indices of refraction respectively for the C-, D-, and jE^-lines are a=l*5462, 
1*5487, and 1*5548 ; ^=1*5565, 1*5602, and 1*5680 ; and y=l*5765, 1*5788, 
and 1*5887. A. F. Hallimond discussed the mol. vol. C. F. Rammelsberg found 
that the crystals become moist when exposed to air ; they are easily soluble in 
water ; and when heated on the water-bath they lose their water of crystallization ; 
and at a higher temp., sulphur dioxide is given off, and lithium sulphate remains. 

H. Bunte obtained anhydrous sodium ditMonate, heating sodium 

ethyl thiosulphate to 100°, when : 2(HaO.S02.SC2H5)==]Sra2S206+{C2H5)2S2. 

F. Heeren obtained the diJiydrate, Ka2S206.2H20, by crystallization from the aq. 
soln. obtained by adding sodium carbonate to a boiling soln. of barium or calcium 
dithionate and filtering. H. Sokoloff and P. L. Malschewsky obtained it by the 
action of iodine on sodium hydrosulphate ; W. Spring and L. Bourgeois did not 
succeed in the preparation, but R. Otto and A. Holst obtained the'^salt by treating 
a dil. soln. of sodium hydrosulphate with a dil. soln. of iodine in one of potassium 
iodide, neutralizing with sodium hydroxide, and evaporating the liquor. The 
dihydrate can also be precipitated from its aq. soln, by alcohol. K. Kraut said that 
the cooling of the aq. soln. of the salt, saturated with sulphur dioxide, furnishes 
crystals of the hexahydrate, Ka2S206.'’6H20, which resemble those of sodium 
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phosphate. R, Hac obtained a 75 per cent, yield by beating one part each of sodium 
sulphite and lead dioxide with two parts of water until all the sulphite had dissolved* 
passing in carbon dioxide ; filtering ; neutralizing with lactic acid ; and concentrat- 
ing for crystallization. The clear, prismatic crystals of the dihydrate were examined 
by E. Heeren, C. F. Eamnielsberg, J. Grailicli and V. von Lang, and A. des Oloizeaus. 
The axial ratios of the rhombic bipyramidal crystals were found by H. Baker to be 
a c™0*9922 : 1 : 0-5981 ; and the (llO)-cleavage is perfect. C. Gaudefroy 
studied the dehydration figures. J. Grailich and V. von Lang gave 2F==73°26^ 
for red-light; 75"^ 14' for yellow-light; and 76*^ 28' for green-light; and 
2£'=126° 38' fox red-light, and 126° 4' for blue-light ; while A. des Cloizeaux gave 
2£^==126° 4 ' for red-light ; 129° 33' for yellow-light ; and 139° 2' for blue-light. 
There is no perceptible change in these angles when the crystals are heated to 75°. 
J. Grailich and V. von Lang studied the corrosion figures. H. Topsoe gave 2-189 
for the sp. gr. ; P. Groth, 2-196 ; and H. Baker, 2-175 at 11°. A. F. Hallimond 
discussed the mol. vol. F. A. H. Schreinemakers and B. C. van B. Walter studied 
the osmosis of aq. soln. J. Thomsen gave for the heat of formation (2Na,0252S02) 
=256-65 Cals. ; (2Na,02,2S02,2H20)=262-93 Cals. ; and (Na2SO4,SO2)=~0-86 
Cal. The heat of neutralization, {NaOHaq.,S205aq.'l =27-07 Cals. ; and the heat 
of soln. of the anhydrous salt in 400 mols of water at 18° is — 5*37 Cals. ; and of the 
dihydrate, — -ll-dS Cals. J. Grailich and V, von Lang found for red-, yellow-, 
and green-light, the respective indices of refraction a=l*4803, 1-4820, and 1-4838; 
8=1-4927, 1-4953, and 1-4978 ; and y=l-5158, 1-5185, and 1*5212. V. J. Sihvonen 
found maxima in the ultra-red reflection spectrum of sodium dithionate at 8*2jLi., 
10-1/a, 17-3/jt, and 19-4ju. P. Bary observed that sodium dithionate is fluorescent 
when exposed to the X-rays. W. Ostwald gave for the electrical conductivity of 
a mo] of the salt in v litres of water : 


V • 

. 32 

64 


128 

256 

512 


1064 

IX . 

. 109*6 

116-1 

120-6 

123-4 

126-7 


130*4 

C. Watkins and H. C. Jones found the molar conductivity, a mhos, and percentage 

ionization, 

a, of soln. with a mol of salt 

in V litres 

: 
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16 

32 

128 

512 

1024 

2048 

4096 

( 0° 

91-28 

99-71 

107-8 

121-4 

130-6 

137-1 

139-1 

339-1 

*J 

. 136-9 

147*6 

161-7 

180-9 

195-6 

203*6 

208*4 

207-3 


. 167-8 

183-9 

200*5 

225*0 

242-8 

2650 

259*4 

258*2 

‘ 135 " 

. 202-6 

220-3 

241-6 

272-5 

293-9 

308*6 

314*3 

312*7 

J 

66-6 

71-6 

77-5 

87-2 

93-8 

98*6 

100*0 

100*0 


64-4 

70-1 

76-8 

86-7 

93-5 

98*1 

100*0 

100*0 


Q. Pape found that the crystals of the dihydrate begin to effloresce at 55°. W. C. de 
Baat found that the salt lost 18-85 per cent, at 130° ; 14*89, at 150° ; 15-13, at 170° ; 
15*51, at 182° ; 18-34, at 195° ; 36-50, at 235° ; and 41-23, at a red-heat. The 
solubility of the dihydrate is 6-05 per cent, at 0° ; 10-63, at 12° ; 13-39, at 20° ; 
and 17-32, at 30°. F. Heeren said that 100 parts of water at 16° dissolve 47-6 parts 
of salt, and 90*9 parts of salt at 100°. Boiling does not decompose the aq. soln. 
J. Gornog and W. E. Henderson said that a N-aoln. of sodium dithionate is not 
decomposed by prolonged boiling, but, when heated in closed tubes at 160°, complete 
decomposition occurs within 6 hours. In the presence of excess of air the final 
reaction is MS206“l--H20-f 0=MS04-1-H2S04, but in an inert atmosphere the 
reaction is more complex. Decomposition is favoured hy increasing cone, and 
low press., and is accelerated by the initial presence of sulphur dioxide. The 
primary decomposition probably results in the formation of metallic sulphate and 
sulphur dioxide, and is followed by secondary reactions in which sulphur or sulphuric 
acid are formed. The salt does not dissolve in alcohol ; and it is pr^ipitated by 
fuming hydrochloric acid from its aq. soln. H. Stamm measured its solubility 
in aq. ammonia. W. Spring observed that the aq. soln, is reduced to sulphite by 
sodium amalgam. 

F. Heeren nv^de potassium ditMoiiat6» K2S2O6, from the liquid obtained by 
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beating an aq. soln. of tarium ditMonate witli potassium sulptate or carbonate, 
or manganese dithionate with potassium hydroxide ; F. von Hauer, from the 
liquid obtained by boiling potassium sulphite with manganese dioxide ; and 
B. Eathke, from the soln, obtained by digesting potassium hydrosnlphite with 
lead dioxide. F. Heeren said that the clear, colourless, prismatic crystals belong 
to the hexagonal system ; and, according to C, S. Weiss, the crystals are trigonal 
with the axial ratio a : c—1 : 0*6467, and a^lOS*^ 27b Measurements were also 
made hy A. Focb, E. Bichat, and V. von Lang. Twinning was observed by A. Fock, 
and he also observed the corrosion figures produced by sulphuric acid. 
M. L. Huggins and G. Frank found that the X-radiograms of the hexagonal crystals 
show that the space lattice has the dimensions a=9*8 A., and c=6*45 A., and contains 
6K, 6S, and 180 atoms. The S-atoms are in pairs on the three-fold symmetry 
axis, each S-atom having three 0-atoms symmetrically planed around it. 
H. Topsoe gave 2*277 for the sp. gr., and H. Hertlein, 2*277 to 2*280. H. Hertlein 
gave 104*64 for the mol. vol. The sp. gr. of soln. with 1*183, 3*003, and 
5*618 per cent, of salt were found by H. Hertlein to be 1*00804, 1*02045, and 
1*03860 respectively at 20°, and the mol. vol. respectively 77*728, 79*284, 
and 80*685. M. Berthelot gave 411-40 Cals, for the heat of formation of the salt 
from its elements ; F. Martin and L. Metz, 415 Cals. ; and J. Thomsen, 415*72 
Cab. J. Thomsen gave for the heat of soln. in 400 mols of water at 18°, — 13*01 
Cals. ; the heat of neutralization, 2K0Haq.+H2S20eaq.=K2S206aq. +27*07 Cals. 
H. Topsoe and C. Christiansen found for the indices of refraction a> =1*4532, and 
£=1-51195 for the C-line ; m==l*4550, and £=1*5153 for the D-line ; and aj=l*4595, 
and €=1*5239 for the F-line. A. Ehringhaus and H. Rose studied the refractive 
index and dispersion. C. Pape found that crystals of the salt are optically active ; 
the same salt may deposit dextro- and Isevo-rotatory crystals ; the sp. rotatory 
power is about one-third the value of quartz, being 6° 18' for the 0-line ; 8° 39' for 
the D-line ; 10® 51' for the .B-line ; and 12® 33' for the'F-line. E. Bichat gave 
8® 7' for the Z?-line. The aq. soln. are inactive. H. Hertlein gave for the sp. 
refraction of an aq. soln. of the salt at 20° for Na-light respectively with the /x- 
and the /x^-formulse to be 0*2108 and 0T246, and for the mol. refractions respectively 
50*25 and 28*7L V. J. Sihvonen found reflection maxima in the ultra-red spectrum 
of solid sodium dithionate at 8*2/>c, 10-2/i, 17-6/^, and 19*3/x. P. Bary found that 
potassium dithionate is not fluorescent when exposed to the X-rays. H. Hertlein 
gave for the electrical conductivity, /x, of soln, of a mol of the salt in v litres of water 
at 25® : 

V . . B2 64 128 256 512 1024 oo 

II . . 121*4 128*9 135*3 140*2 144-8 148*0 154*1 

W. G. Hankel and E. lindenherg studied the piezoelectricity of the crystals, which 
resembles that of quartz. F. Heeren found that the salt has a bitter taste, is stable 
in air, decrepitates when heated, and then decomposes, leaving a residue of potassium 
sulphate. W, C. de Baat found that the salt lost 1*85 per cent, at 110® ; 3*16, at 130® : 
3*67, at 150° ; 12*83, at 170® ; 28*24, at 182® ; 29*24, at 195® ; and 29*24, at a red- 
heat. The salt was found by F, Heeren'to be soluble in water — 100 parts of water 
at 16® dissolve 6*06 parts of salt, and at 100®, 6*33 parts ; and is insoluble in alcohoL 
W. C. de Baat gave 2*52 per cent, for the solubility of the potassium salt at 0® ; 
4*28, at 12® ; 6*23, at 20® ; and 8*54, at 30®. 

E. F. Weinland and J. Alfa prepared crystals of rubidium ditMcsrates by double 
decomposition with rubidium sulphate and barium dithionate. The crystals are 
isomorphous with the potassium salt, and J. Piccard said that the axial ratio of the 
trigonal crystals is a : c=l : 0*6307, and a=108® 56'. H. Topsoe and C. Christiansen 
gave for the indices of refraction, m=l*4556 and €=1*5041 for the C-line ; m=l*4574 
and €=1*5078 for the D-Hne ; and m =1*4623 and e =1*5167 for the F-line- 
A. Eringhaus and H. Rose found for the index of refraction of rubidium dithionate 
at about 26®, for lines of wave-length Xmmiz 
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718-5 

623*9 

589*3 

491*6 

404*7 

1-45438 

1*45688 

1*45729 

1*46160 
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1*47576 

1*47867 
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1*48585 

1*49508 

0-02138 

0*02179 

0*02276 

0*02426 

0*02658 


H. Rose prepared the hemiJiyirate, Rb2S20Q.|H20, but the crystals were not 
measurable, C. Chabrie prepared csesium dithdonate by mixing at 60° soln. of 
20*996 grms. of csesium sulphate, and 17*226 grms. of barium thiosulphate, and 
evaporating the filtered liquid in vacuo. The colourless hexagonal plates decom- 
pose when heated, forming sulphite and sulphate. H. Rose gave for the axial ratio 
of the hexagonal crystals of CS2S2O6, a ; c=l : 0*6316 ; and said the salt is isomor- 
phous with the dithionates of potassium and rubidium. The optical character is 
negative, A. Eringhaus and H, Rose found for the index of refraction of emsinm 
dithionate at about 25° for lines of wave-length A in ju/a : 


A . 

O) . 
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^ 18*5 

623*9 

589*3 

513*2 

404-7 

1*51906 

1-52184 

1*52298 

1*52686 

1-53059 

1*53847 

1-54211 

1*54380 

1*54937 

1-56404 

0*02111 

0*02027 

0*02082 

0*02251 

0-02745 


H. Rose prepared the Jiemihydrate, Cs2S206.|'H20, in rhombic crystals with the axial 
ratios a : b : c=0*8832 : 1 : 0*5058 ; the optic axial angle, 2157=50° 5'. 

E. Heeren prepared blue, tabular crystals of cupric ditMonate» CUS2O6.4H2O, 
from the product of the metathetical action of barium dithionate and cupric sulphate 
soln. K. Kltiss evaporated the filtered soln. between 35° and 40°. P. Heeren’s 
analysis indicates that the product is the tetmJiydrate. J. Grailich, and A. Murmami 
said that the crystals are triclinic, and resemble the pentahydrate. K. Kluss 
found that the crystals are stable in air, and lose no water over cone, sulphuric 
acid. F. Heeren showed that the crystals decrepitate when heated, and then 
decompose, leaving cupric sulphate as a residue ; and K. Kliiss, that when the cone, 
aq. soln. is evaporated on a water-bath between 50° and 55°, sulphur dioxide is 
evolved. F. Heeren said that the salt is easily soluble in water, and insoluble in 
alcohol According to H. Topsoe, and K. Kliiss, when the aq. soln. is evaporated spon- 
taneously, or by very gentle heat, dark blue, triclinic plates or prisms of the pmta- 
hydrate, CUS2O6.5H0O, are formed. H. Topsoe found for the axial ratios a :h:c 
=0*9527 : 1 : 0*5790“ and a=105° 32J', je=117° 34^', and y=65° 37'. The (010)- 
cleavage is perfect, while the (lOl)-cleavage is less complete. Measurements were 
also made by C. F. Rammelsberg, and the crystals measured by A; Handl were 
probably this salt. The crystals deliquesce is moist air ; efidoresce in dry air ; and 
lose a moL of water over sulphuric acid or calcium chloride. J. Thomsen gave 
— 4-87 Cals, for the heat of soln. of the pentahydrate in 400 mols of water at 18°. 
K. Kliiss said that 100 parts of water dissolve 156*2 parts of salt at 18*5°. W. C. de 
Baat gave 43*82 per cent, for the solubility of the tetrahydrate at 0° ; 44*91, at 20° ; 
and 45*51, at 38°. F. Heeren said that the crystals detonate when heated. 
H, Topsoe found that when the crystals are slowly heated, they decompose at 100°, 
and at a higher temp., leave a residue of copper sulphate. The cone. soln. gives ofi 
sulphur dioxide when evaporated on a water-bath. W. 0. de Baat said that the 
tetrahydrate loses 40*43 per cent, at 95° ; 44*09, at 180° ; and 46*52, at 185°, 
K. Kliiss obtained a pale blue powder of cupric hexahydroxydithionate, 
3CuO.CuS2O6.3H2O, i.e, 3Cu(OH)2.0uS 2O6, by mixing dih soln. of copper ace^te 
and sodium thiocyanate at 70°, and by treating a soln. of the normal salt and sodium 
acetate or cupric acetate ; and P. Sabatier, by allowing a soln. of the normal salt 
to act on 4CUO.H2O for a few weeks. A. Werner regarded it as a hexol-salt. 


[c«(®®Cu)Js,0. 

P. Sabatier’s product appeared in pale blue, minute, hexagonal plates. K. Kliiss 
added that this basic salt is insoluble in water, and in soln. of sodium, acetate, hut 
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traces dissolve in a cone, solii. of copper dithionate. The salt is soluble in dil. acids, 
in acetic acid, and in dithionic acid. The salt is stable in air, and does not absorb 
carbon dioxide therefrom. Boiling water gradually transforms it into cupric oxide, 
and the acid is abstracted by warm water. At 100°, the salt loses traces of water, 
and at a higher temp., it slowly turns dark green, then dirty green, yellowish-green, 
and at a dull red-heat it becomes ochre-yellow, forming cupric oxysulphate mixed 
with a little copper oxide. P. Heeren reported a hydrate, 3Cu(0H)2.CuS206.H20, or 
3 Cu0.CuiS 206.4:H20, to he formed by treating a soln. of the normal salt with a little 
ammonia , and K. Kliiss, by the action of a cone. soln. of copper dithionate on copper 
h 5 Jdroxide. The properties of these two basic salts appear to be similar, and 
P. Sabatier said that this hydrate does not exist. 

According to J. S. C. Schweizer, if the basic salt be dissolved in aq. ammonia 
of sp. gr. 0-915, the liquid dissolves cellulose, makes gun-cotton gelatinous, and does 
not dissolve starch flour, hut, according to J. Schlossberger, makes it swell up. 
F. Heeren found that when a dil. soln. of copper dithionate is treated with ammonia 
until the precipitate is dissolved, and the liquid allowed to stand, crystals of copper 
tetramminodithionate, CuS206.4:NH3, are formed ; J. S. C. Schweizer obtained the 
salt by treating a soln, of copper tetramminosulphate with barium dithionate ; 
and D. W. Horn, by gradually adding 35 c.c. of aq. ammonia, of sp. gr. 0-9, to a soln. 
of 8 grms. of copper dithionate in 12 c.c. of water. The salt can be crystallized 
from aq. ammonia. The azure-blue, rect- 
angular plates or prisms were foxmd by 
J. S. C. Schweizer to become dark green at 
160°, and are decomposed with the loss of 
ammonia and sulphur dioxide, and the forma- 
tion of copper sulphate. F. Heeren said that 
the salt is a little soluble in cold water, 
forming, according to K. Kltiss, a blue basic 
salt. J. S. C. Schweizer added that the salt is 
readily soluble in water at 40°, but in the 
absence of ammonia the salt is hydrolyzed ; 
at a temp, exceeding 60°, cupric hydroxide is 
precipitated and ammonium dithionate remains 128. — The Ternary vSystem : 

in soln. The soln. is decomposed by hydro- ^S 20 g-(NH 4 ) 2 S 20 a-H 20 , at 30° 
chloric acid with the precipitation of a basic lagranmia lo). 
chloride. D. W. Horn said that the salt is dissolved by liquid ammonia, forming 
copper eimeamminodithionate, GuS20e.9hrH3, which decomposes rapidly at ordinary 
temp., forming the tetrainmine. G. T. Morgan and F. H. Burstall prepared copper 
bisethylenediaminedithionate, [Cu eii2]S20e, in purple-red crystals, by mixing 
4*8 giras. of sodium dithionate, 5-0 grms. of copper sulphate, and 2*4 grms. of 
ethylenediamine in aq. soln., and drying the salt over sulphuric acid. This complex 
cupric thionate is quite stable in air at the ordinary temp,, and on heating it decom- 
posed with blackening at 260°. It is only very sparingly soluble in cold water, 
but dissolves more readily on warming to form a stable purple soln. Barium chloride 
and silver nitrate are without action on the hot or cold soln. ; with sodium hydroxide 
the colour is changed to blue, whereas with mineral acids it is discharged. K. Kliiss 
prepared ammonium copper dithionate, (NH4)2S20e,2CiiS206.8H20, from a soln. of 
the component salts in the molar proportions 1 : 1 or 1 : 2 ; or by adding the 
necessary quantity of ammonium cupric sulphate to barium dithionate. The 
filtered soln. furnishes pale blue crystals which, according to A. Fock, are monoclinic 
prisms with the axial ratios aii: c=0*6874 : 1 : 0-^49, and j8=95° 30^ The 
optic axial angle When heated in a test-tube, some cuprous oxide is 

formed. W. C. de Baat obtained a curve resembling Fig. 128, for the ternary 
system (KH4)2S206-CuS206“H20, at 30°. The cxirve ad represents the solubility 
with C 11 S 2 O 6 AH 2 O as the solid phase ; (Ze, the solubility with the complex 
ammonium copper dithionate as the solid phase ; and e5, the solubility with 
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(NHg) 2 S 206 .-|H 20 as tEe solid pEase ; wMle d and e are triple points — 2 solids and 
one Boln. Tbe percentage solubilities are : 

CuSaOe . 46*51 37-26 36-19 36*04 29*70 24*17 10*45 0 percent. 

(im^laSaOc 0 16*16 18-39 18-50 29-28 38-30 52-62 64-60 

E. Heeren prepared silver ditMonate, Ag2S206.2H20, from a soln. of silver 
carbonate ; and, added J. S. Stas, the acid sbonld be fresMy prepared because when 
kept it is liable to sii:ffer some decomposition. Moist silver snlpHte was found by 
H. Baubigny to form ditbionate wben exposed to beat or light, Tbe rhombic, 
bipyramidal crystals were found by H. Baker to have tbe axial ratios a:h:c 
=0*9884 : 1 : 0*5811. Tbe crystals were also examined by F. Heeren, C. F. Rammels- 
berg, and V. von Lang. Tbe (110)“Cleavage is perfect ; and H. Topsoe and 
C. Cbxistiansen found tbe optic axial angles to be 2F=35° 21' and 2^=56° 48' for 
tbe 0-line; and 2F=28®6', and 2.£/=47'^ 59' for tbe F-line. H. Topsoe gave 
3*605 for tbe sp. gr., and P, Groth, 3*620. J. Thomsen gave — 10*36 Cals, at 18° 
for tbe beat of soln. of tbe dibydrate in 400 mols of water. H. Topsoe 
and C. Cbristiansen found tbe indices of refraction a=l*6272, /3=1*6573, and 
y=l*6601 for tbe 0-line, and a=l*6404, j8=l*6748, and y=l*6770 for tbe F-line. 
The birefringence is negative. M. Lob and W. Nernst measured tbe transport 
number. F. Heeren found that tbe crystals are stable in air, but blacken wben 
exposed to light ; they decompose wben warmed, forming a grey powder ; and 
with boiling water, some silver sulphide is formed. 100 grms. of water at 16° 
dissolve 50 grms. of salt. When an aq. soln. is saturated with ammonia, it furnishes 
small rhombic crystals of silver tetramiuinodithioiiate, Ag2S206.4NH3H20. Tbe 
salt is coloured grey wben exposed to light ; and wben heated it gives off water, 
ammonia, ammonium sulphite, and some free sulphuric acid, and there remains 
silver sulphate, C. F. Rammelsberg said that tbe tetramraine dissolves iu water 
without decomposition. K. Kraut obtained what be regarded as sodium silver 
ditliionate, Na 2 S 20 ^.Ag 2 S 206 . 6 H 20 , Lrom a soln. of molar proportions of tbe com- 
ponents. K. Kliiss showed that tbe resulting rhombic, bip 3 ?Tamidal crystals are 
solid soin. H. Baker gave for tbe axial ratios a:h : c=0*9813 : 1 : 0*5856. Tbe 
(110)-cl€avage is perfect. 

F. Heeren prepared calcium ditbionate, CaS206.4H20, by adding milk of lime 
to a soln.. of manganese ditbionate. Tbe six-sided plates, stable in air, were also 
prepared by G. Pape, and B. Bichat. H. Topsoe said that tbe axial ratio of tbe 
trigonal crystals is a : c=l : 1*500, and a=81° 42'. Tbe (lll)-cleavage is perfect. 
H. Baumbauer, C. Pape, and L. Sobncke studied tbe corrosion figures ; and C. Gaude- 
froy, tbe dehydration figures. H. Topsoe gave 2*180 for tbe sp. gr. ; H. Baker, 
2*175 at 11® ; and P. Gxotb, 2*183. V. von Lang studied tbe thermal conductivity. 
J. Thomsen found tbe beat of soln. in 400 mols of water at 18® to be —7*97 Cals. 
Tbe beat of dilution of calcium-ditbionate was shown by W. Nernst and W. Ortbmann' 
to be positive. H. Topsoe and C. Cbristiansen found tbe index of refraction to be 
<0=1*5468 for tbe O-line ; 1*5496 for tbe D-line ; and 1*5573 for the F-line. Tbe 
birefringence is negative. C. Pape gave 2® 1' for tbe optical rotation of tbe crystals 
with green-ligit — ^soln. are inactive. Tbe crystals were found by C. Pape to 
effloresce at 78®. W. C. de Baat said that tbe crystals lose 26*1 per cent, at 110® ; 
26*5, at 14D® ; 27*1, at 145® ; 27*4, at 165® ; 49*1, at 195® ; and 49*85, at a red-beat. 
F. Heeren found that 100 grms. of water at 19® dissolve 40*65 grms. of tbe salt, and 
125*0 grms. at 100®. W. C. de Baat found tbe solubility of the tetrabydrate to be 
13*80 per cent, at 0® ; 17*63, at 12® ; 20*25, at 20® ; and 23*29, at 30®. F. Isbikawa 
and G. Kimura gave for tbe solubility of calcium ditbionate in S grms. of anhydrous 
salt per 100 grms. of soln. : 



10 ® 

20® 

30® 

50 ® 

70® 

90 ® 

13*86 

17*20 

20-18 

23*12 

28*48 

33-14 

28-04 

1*1213 

M504 

1*1772 

1*2015 

1-2470 

1*2900 

1-338 


The solid phase is CaS20^.4H20 ; and tbe eutectic point occurs with >8=13*40, 
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^iid at — 2“09°. 2-04 grms. of calcium ditMonate in 100 grins, of soln. lowers the 

f.p. by 0*32° ; 5*84 grms., by 0-85° ; 9*10 gims., by 1-38° ; 9*23 grms., by 141° ; 
and 13*40 grms., by 2*09°. P. Heeren said that tbe salt is insoluble in alcohol : and, 
according to A. Nanmann, insoluble in acetone. F. Heeren prepared strOBtilim 
dithionatej SrS206.4H20, in six-sided plates, belonging to the trigonal system, and 
having, according to C. F. Eammelsberg's calculations from F. Heeren’s measure- 
ments, a : c—1 : 1*5024, and a=81° 47h Observations were also made by H. de 
Senarmont, and W. G. Hankel and E. Lindenberg. The (lll)-cleaYage is imperfect. 
Corrosion figures were observed by H. Baumhauer, and L. Sohncke ; and the 
dehydration figures by C. Gaudefroy, H. Topsoe gave 2*373 for the sp. gr., and 
P, Groth, 2*348. J. Thomsen found the heat of soln. in 400 mols of water at 18° 
to be —4*62 Cals. H. Tops5e and C. Christiansen found the indices of refraction 
to be a>=l*5266 and €=1*5232 for the G-line ; m=l*5296 and €=1*5252 for the 
D-line ; and a;=l*5371 and e=l*5312 for the P-line. A. Fock also gave m=l’5293 
and €=1*5252 for the D-line. C. Pape gave 1° 6' for the optical rotatory power, 
and G. Bodlander, 3° 39' for yellow-light — aq. soln. are optically inactive. 

A. Ehringhaus and H. Rose studied the refractive index and dispersion. R. Eohl 
observed no fiuorescence with the salt in ultra-violet light. W. G. Hankel and 

E. Lindenberg studied the piezoelectricity of the crystals. F. Heeren found that 
the crystals decrepitate when heated, and at a higher temp, decompose leaving a 
residue of the sulphate. W. C. de Baat observed that the crystals lost 17 *18 per cent, 
at 90° ; 40*88, at 110° ; 41*23, at 125° ; and 42*54, at a red-heat. F. Heeren found that 
100 parts of water at 16° dissolve 22*22 parts of salt, and at 100°, 66*67 parts. W. G. de 
Baat gave 4*51 for the percentage solubility of the tetrahydrate at 0° ; 7*37, at 10° : 
10*80, at 20° ; and 23*29, at 30°. F. Heeren found that the salt is soluble in alcohol. 

J. L. Gay Lussac and J. J. Welter, and F. Heeren prepared barium ditMonate, 
BaS206.2H20, as in the case of the calcium salt. The analyses of J. L. Gay Lussac 
and J. J. Welter, F. Heeren, and R. H. Ashley agree that the salt is the diJiydrate, 
J. C. 6. de Marignac found that the monoclinic prismatic crystals have the axial ratios 
a:h: c=0*9343 : 1 : 0*14030, and j3=110° 37'. The crystals were also examined by 

F. A. Walchner, V. von Lang, and C. F. Rammelsberg. The (lll)-cleavage is perfect. 
H. Baker gave 4*536 for the sp. gr., at 13*5°. F. A. H. Schreinemakers and B. C. van 

B. Walter studied the osmosis of the aq. soln. J. Thomsen gave for the heat of soln. 
in 400 mols of water at 18° —6*93 Cals. P. Bary found that the salt is fluorescent 
when exposed to X-rays or to BecquerePs rays ; and Y. J. Sihvonen found maxima 
in the ultra-red spectrum for the wave-length 8*2/a, 10-2/x., and 18*0/x. R. H. Ashley 
said that the crystals do not effloresce readily in air ; and J. L. Gay Lussac and 
J. J. Welter foimd the crystals to be stable in air ; to decrepitate when heated ; and 
at a higher temp, decompose. F. Ishikawa and G. Kimura found that the dehydra- 
tion of barium ditMonate at difierent temp, leads directly to the formation of the 
anhydrous salt ; at 90°, a very small amount of barium sulphate is formed. The 
reaction BaS206=BaS04+S02 is irreversible ; it proceeds very slowly at 140°, 
but is complete after 30 mins, at 700°. W. C. de Baat observed that 11*2 per cent, 
of water is lost at 110° ; 11*8, at 140° ; 16*4, at 145° ; 28*9, at 165° ; and 30*16, 
at a red-heat. J, Cornog and W. E, Henderson found that Y-sohi. of barium 
ditMonate behave on heating like those of sodium ditMonate (j.u). J, L. Gay 
Lussac and J. J. Welter reported that 100 parts of water at 8*14° dissolve 13*94 
parts of salt ; F. Heeren gave 24*75 parts of salt at 18°, and 90*9 parts at 100°. 
H. Baker said that the sat. aq. soln. boils at 102°, and the solubility at this temp, 
is 100*1 grms. per 100 grms. of water. W. C. de Baat found 7*86 for the percentage 
solubility of the dihydrate at 0° ; 12*45, at 12° ; 15*75, at 20° ; and 19*86, at 30°. 
F. Ishikawa and G. Kimera gave for the solubility of barium ditMonate in S grms. of 
anhydrous salt per 100 grms. of soln. : 
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S 

Sp. gr. . 
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The solid phase is BaS^Oo.2H20 ; and the eutectic point occurs with /S=:7-55j and 
at 2*24: grms, of harinm dithionate in 100 gnns. of soln. lower the Ip, 

by 0-240"^ ; 3*98 grms., by 0*340° ; 5*70 grms.^ by 0-480° ; 7-55 grms., by 0*640 . 
F. Heeren said that the salt is insoluble in alcohol ; and A. Nanmann, insoluble in 
methyl acetate. R. Otto said that the aq. soln. is reduced by sodium amalgam to 
sulphite — vide supra. F. Heeren, J. C. G. de Marignac, and C*. F. Rammelsberg 
said that below 5° the aq. soln. furnishes crystals of the tetrahyclraie, BaS206.4IIoO. 
The former said that the monoclinic prisms have the axial ratios c:6*:c 
=1*2215 : 1 : 1*1272, and ^=94° 16h The sp. gr. given by H. Topsoc is 3*142, and 
by F. W. Clarke, 3*05, at 24*5°. G. N. WyroubofI gave for the optic axial angle 
2F=87° 20' ; and ^8=1*532 for the index of refraction for red-light ; the bi-refrin- 
gence is positive. F. Heeren said that the crystals of the tetrahydrate rapidly 
effloresce, forming the dihydxate ; and when heated, the crystals pass into barium 
sulphate without melting or changing their form. A. Fock and K. Kliiss evaporated 
a soln. of eq. proportions of barium dithionate and chloride, and obtained colourless, 
prismatic crystals of barium chlorodithionate, BaS2Oe.BaCl2.4H2O. The triclinic 
crystals have the axial ratios a : b : c=0*6720 : 1 : 0*6398, and a=107° 12', 
^=98° ir, andy=99° 57f'. W. C. dc Baat found that the evidence of the forma- 
tion of ammonium barium dithionate is indefinite. The solubilities at 30° are : 

BaSaOg . 19*76 17-20 10-26 6*92 2-75 1-05 0*35 0 per cent. 

. 0 11-00 37-26 40-15 48*45 53-81 58*64 64-60 

W. C. de Baat measured the solubility of the dithionates of the three alkaline 

earths in mixtures of alcohol and water, and found the results could be represented 



Fig. 129. — ^Ternary System with Salt, Fig. 130. — ^Ternary System : 

Water, and Alcohol (Diagrammatic). (NH4)aSaG8-"Sr2S20a— H^O at 30°. 


graphically by curves of the type indicated in Fig. 129, where ah represents the 
solubility of the hydrate — ^BaS206.2H20, SrS20e.4H20, or CaS206.4H20 — and he, 
the solubility of the anhydrous salt. In the ternary system, the soln. contained, 
at 30° : 


Alcohol 

0 

4-67 

16-86 

21*36 

31*91 

61*24 

88*69 per cent- 

BaSsOg 

. 19*86 

12*74 

4*24 

2-74 

0*86 

0*03 

0-00 

Alcohol 

0 

14*48 

37*22 

60*39 

76*13 

90*05 

98*53 „ 

SrSjiOe 

. 14*90 

5*40 

0-68 

0*08 

0*0012 

0-00 

0*00 

Alcohol 

0 

16*50 

40*39 

50*96 

73-08 

82*79 

99*80 

CaSaOc 

. 23*29 

12-65 

3-31 

1*39 

0*11 

0*063 

0*00 


Ternary systems with pairs of salts in contact with water furnish curves resembling 
Fig. 130, when no double salt is formed. This is the case, for example, with mixtures 
of strontium and ammonium dithionates at 30°, where ac represents the solubility 
of the hydrate SrS206.4H20 ; and he, that of the hydrate (NH4)2S29o* where 
h is the triple point with both hydrates (italicized in the Tables) as solid phase, at 30 . 

SrSaO^ . . 14-90 10*73 2*77 2-17 0*98 0 per cent. 

(NH;)jSaO<, . 0 16*65 56*51 ' 60^66 63*73 64*60 
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Similarly also with 


SrS.Oj . 

. 14 90 

12*24 

10^09 

5*55 

0 

per cent. 


0 

6*91 

13‘06 

14*52 

17*32 

BaSoOg . 

. 19*76 

17-06 

U^49 

13*23 

7 32 

0 

XajS.Oe 

0 

6-36 


13*31 

14*87 

17*32 

BaynOj . 

. 19*86 

20*64 

ZO‘69 

11*74 

6*02 

0 

K;S«0, . 

0 

4-16 

8*03 

8*33 

8*49 

8*5 

BaSoO,, . 

. 19*86 

13-37 

5*85 

1*92 

0*90 

0 

ilgS^Oo . 

0 

7*05 

18-91 

29*16 

34*57 

35*24 


There is here no evidence of the formation of complex salts, and similar xesnlts were 
obtained at temp, down to 0°. On the other hand, K. Kraut reported sodium 
barium ditMonate, ]S[a 2 Ba(S 20 e) 2 . 4 :H 20 , and H. Schiff, Na 2 Ba(S 206 ) 2 . 6 H 20 ; 
but K. Kraut later showed that the product is only a solid soln. of the component 
salts. G-. Bodlander evaporated the filtered soln. obtained after mixing rubidium 
sulphate with an excess of barium dithionate ; and recrystallized the product from 
hot water. Analyses agree with rabidinin barium dithionate» Eb 4 Ba(S 206 ) 3 .H 20 . 
The white, needle-like crystals are more soluble in hot than in cold water, and the 
soln. is easily undercoolecl. 100 c.c. of water at 15^ dissolve 10*34 grms. of the salt ; 
an excess of barium dithionate increases, and an excess of rubidium dithionate 
decreases the solubility. 

K. Kliiss obtained what he thought to be beryllium liexaliydroxyditMoiiate, 
5 Be 0 . 2 S 205 . 14 H 20 , or SBeO.SBeSsOe.MHgO, or 3 Be( 0 H) 2 . 2 BeS 206 . 11 H 20 , by 
digesting dithionic acid with an excess of freshly precipitated beryllium hydroxide 
at 30^-35®. The clear soln. on evaporation over sulphuric acid in vacuo, gives a 
viscid mass which does not crystallize. It is easily soluble in water and absolute 
alcohol. When heated, water and sulphur dioxide are evolved ; at a red-heat, 
sulphuric acid escapes, and beryllia remains. 

F. Heeren obtained six-sided, prismatic crystals of magnesium ditMonate, 
MgS 20 g. 6 H 20 , by double decomposition with magnesium sulphate and barium 




Fig. 131. — ^Ternary System : FiG. 132. — ^Ternary System 

Ka^S^Ofi-SrSaOe-HsO, at 30 ^ (SH4)aSaO,,-BaS206-H20, at 30 ^ 

dithionate. The tricKnic crystals were found by H. Toppoe to have the axial ratios 
a:h: c==0*6997 : 1 : 1-0144, and a=89® 32', 10 ', and y= 93 ° 21 '. The 

( 110 )- and (llO)-cleavagea are perfect, and the (010)-cleavage is clear. The crystals 
are isomorphous with those of the corresponding salts of zinc, and nickel, but not 
cadminm. The sp. gr. is 1-666. J. Thomsen gave for the heat of soln. in 400 
mok of water at 18°, — 2-96 Cals. F. Heeren said that when heated, the salt melts 
in its water of crystallization, and at a red-heat yields a residue of magnesium 
sulphate. W. C. de Baat found that 25*55 per cent, is lost at 110 ° ; 29*9, at 125° * 
40*9, at 145° ; 58*1, at 195° ; and 58*5, at a red-heat. F. He^en found that the aq! 
soln. can be boiled without decomposition. 100 parts of water dissolve 117-6 
parts of salt at 13° ; H. Baker said 144-5 parts at 17°. W. C. de Baat found the 
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percentage solubility to be 31*94 at 0° ; 33*30, at 12° ; 33*91, at 20° ; 35*24, at 30°. 
H. Scbif!, and K. Kraut prepared barium magnesimii iitMonate^ BaMg(So002 
from a sola, of the component salts. The crystals hcjcoino anhydrous at 90°. 
W. C. cle Baat obtained no evidence of the formation of this salt, Fig. 131- vi'^Iesupra. 

F. Heeren prepared zinc dithionate, ZnS206.6H20, from the soln. obtained by 
mixing ec]^. quantities of barium dithionate and zinc sulphate. A. Lock said that 



2//,0 


Fig. 133. — Ternary System ; Fig. 134. — ^Ternary System • 

NaoS.Oe-BaS.Os-HaO, at 30°. KaSaOe-BaSaOs-HaO, at 30°. 


the crystals are triclinic, and H. Topsoe found them to be isonaorphous with the 
magnesium and nickel salts. The sp. gr. is 1*915. J. Thomsen said that the Feat 

of formation {Zn,02,2S0o,6H20) =173*85 Cals.; 

A and the heat of soln., in 400 mols of water at 18°, 

is —2*24 Cals. The crystals have an astringent 
taste ; they are stable in air ; and freely soluble 
in water. C. F. Bammelsberg obtained prismatic 
crystals of what was presumably zinc tetram- 
minodithionate, ZnS 2 O 6 . 4 NH 3 .H 2 O, by cooling a 
hot sat. soln. of zinc dithionate in aq. ammonia. 
The salt is hydrolyzed by water, forming zinc 
^ oxide. F. Ephraim and E. Bolle also obtained the 
^ same salt, and found that it loses water at 95° 
^ heated in a current of ammonia. The heat 

BaS^abe-MgS^Oe-HaO/at 30°* formation is 13 Cals, per mol of ammonia ; and 

the dissociation temp, is 97°. If the tetrammine 
is exposed to a current of ammonia for a long time, zinc pentammiaoditMonatej 
ZnS20e.5NH3, is formed. The heat of formation is 12*1 Cals, per mol of ammonia; 
and the dissociation temp., 70°. K. Kliiss prepared crystals of ammonium zinc 
dithionate, 5(NH4)2S206.ZnS206.9H20, from eq. soln. of the component salts, 
A. Fock recognized two types of crystals — one very similar to those of hexa- 
hydrated zinc dithionate, and the other were monoclinic prisms with the axial 
ratios aih: c=2*0597 : 1 : 1*2042, and ^=90° 52C They are probably solid sok,; 
they are said to be isomorphous with the corresponding salts of cadmium. 


Fig. 135. — Ternary System : 
BaSaGfi-MgSaOe-HaO, at 30°. 


manganese, ferrous iron, cobalt and nickel. 

E. Heeren prepared crystals of cadmium dithionate, Cd8206,6H20, from a sok. 
of cadmium carbonate in dithionic acid. H. Topsoe said that the triclinic crystals 
have the axial ratios a:h: o=l*2030 : 1 : 0*9797, and a=96° 15', jS=107° 52', and 
55'. The (100)~cleavage is perfect, and the (110) -cleavage is clear. The 
crystals are not isomorphous with the corresponding magnesium, zinc, and man- 
ganese salts. The sp. gr. is 2*272, J. Cornog and W. E. Henderson found that 


iV-soln. of cadmium dithionate behave on heating like those of sodium dithionate 
(j.-y.). C. P. Rammelsberg found that when dissolved in warm aq. ammonia, and 
the soln. spontaneously evaporated, crystals of cadmium tetramminodithionat^ 
G(iS206.4NH3, are obtained mixed with some cadmium hydroxide and dithionate. 
The crystals are decomposed hy alcohol. K. Kluss prepared ammomum cadmium 
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ditMoiiat©9 2(NIl4)2S20g.CdS206 4-IH2O, froma soln. obtained by mixing ammonitim 
cadminiii suipliate and barium ditbionate. The monoclinic plates or prisms are 
stable in air. A. Fock gave for the axial ratios of tbe triclinic crystals a :b : c 
=1*2030 : 1 : 0*9797, and a=96‘" 15', 52', and y=66° 55b Tbe (100)- 

cleavage is perfect, and tbe (110) -cleavage clear. Tbe salt is easily soluble in water. 

F. Heeien observed that when freshly precipitated mercuric carbonate is 
digested in ditbionic acid, it forms a pale yellow mass wbicb dissolves very slowly ; 
and when a soln. of silver ditbionate is shaken with mercury, a white precipitate 
is formed wbicb blackens when treated with ammonia. According to C. F. Eammels- 
berg, if an excess of mercuric oxide be digested with ditbionic acid, a yellowish- white 
powder remains on tbe filter-paper ; and K. Kliiss obtained mercuric trioxybis- 
ditMonates 5Hg0.2S205, or 3Hg0.2HgS206, in a similar way. Tbe product was 
washed with cold water and dried over sulphuric acid. It is also formed when a 
soln. of mercuric oxide in ditbionic acid is treated with alcoboL Tbe compound 
decomposes when heated, forming mercury, sulphur dioxide, and mercurous and 
mercuric sulphates. In a sealed tube, tbe temp, of decomposition is 70^. Tbe sub- 
stance is also decomposed by acids. C. F. Eammelsberg, and K. Kliiss obtained 
mercuric ditbionate, HgS206.4H20, by digesting freshly precipitated mercuric oxide 
with an excess of ditbionic acid for 8 days at ordinary temp. Tbe large prismatic 
crystals decompose readily ; so does tbe aq. soln., forming mercurous sulphate and 
sulphuric acid. G. F. Eammelsberg obtained a soln. of mercurous ditMonate, 
Hg2S206, by dissolving freshly precipitated mercurous oxide in ditbionic acid. 
IVIien tbe filtered soln. is evaporated, crystals of mercurous ditbionate are formed. 
These, when heated, give ofi mercury, mercurous sulphate, and free sulphuric acid ; 
they dissolve sparingly in cold water ; they axe decomposed by hot water becoming 
black ; they are dissolved by nitric acid ; and potash-lye extracts mercurous oxide 
from them. 

F. Heeren allowed the filtrate obtained after mixing aluminium sulphate and 
barium ditbionate to evaporate spontaneously, and obtained small crystals which 
K. Kliiss showed were alumimum ditbionate, Al2(S206)3.18B[20. If the soln. be 
evaporated in vacuo, the salt decomposes. Tbe colourless plates are very deliques- 
cent ; and readily dissolve in water or in absolute alcohol. They melt at about 60° 
to a colourless liquid, and at tbe same time they partially decompose. At a higher 
temp., water and sulphur dioxide are evolved, and at a red-beat, alumina remains. 
K. Kliiss obtained deliquescent crystals of ammonium aluminium ditbionate, 
Al2(S206)3*(KH4)2S206.27H20, from a soln. of tbe component salts ; and A. Fock 
gave for the axial ratios of tbe monoclmic crystals a :b : c =5-2672 : 1 : 3-6620, 
^=111° 53'. Tbe crystals are soluble in water. 

According to K. Ediiss, tballic hydroxide is not attacked by cold ditbionic acid, 
and when heated tbe tballic compound is reduced, forming thalLous sulphate. 
A. F. G, Werther obtained thaUous ditbionate, TI 2 S 2 O 6 , by the action of ditbionic 
acid on thaHous hydroxide, or better, by double decomposition between thaUous 
sulphate and barium ditbionate. W, Stortenbeker found that the preparation of 
thaUous ditbionate from thaUous sulphate and barium ditbionate is complicated 
by the facts that barium and thallium dithionates form anhydrous mixed crystals, 
and that thaUous sulphate and ditbionate form a double salt. Either the calculated 
amounts of the two salts may be taken or else the thaUous sulphate may be added 
in such slight excess that a fresh addition to the filtered soln. causes np further 
precipitation. The salt is then fractionally crystaUked until free from sulphate. 
The crystals are monochnic prisms or plates, and, according to A. Fock, have the 
axial ratios a : h z c=0-9292 : 1 : 0-3986, and j8=96° 58' ; there is no marked 
cleavage ; and the optic axial angle 2B is nearly 40° with Ka-Iight. Gr. K. Wjroubofi 
found the sp. gr. to be 5-573. According to E. Franke, the eq. conductivity, A mho, 
at 25°, is: 

V , 32 64 128 266 512 1024 

A . 131-7 141*9 151*7 160*2 166*7 170*6 

VOL. X. 2 Q 
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Thallous dithionate is vexj soluble in water ; K. Kluss said that 100 gims. of water 
at 18-5° dissolve 41-8 parts of salt. When heated to dull redness, A. F. G. Werther 
found that the salt loses its sulphur as sulphur dioxide. If ammonia be added to 
the aq. soln., the liquid on evaporation furnishes small, monoclinic crystals of 
thallous hydroxydithionate, ThS2O6.TlOH.H2O. The soln. readily absorbs carbon 
dioxide from the air. The salt decomposes at 140*^-150°. A. Fock, and K, Kliiss 
obtained solid soln. of lithium thallous ditkionafes with Li : Tl==4 : 3, by crystal- 
lization from a soln. of the component salts ; the monoclinic prisms have the 
axial ratios a :h : c==0*8715 : 1 ; 0*4288, and j8=92° 11' ; similarly with sodium 
and thallous dithionates , where the rhombic crystals had the axial ratios a:h:c 
=0*4788 : 1 : 0*7931 ; while with a soln. containing and thallous dithionates 

in the molar proportion 1:1, rhombic plates were obtained with the axial ratios 
a : h : c~0‘5700 : 1 : 1*4547, and the optic axial angle 2A'=113° 50'. There were 
also formed solid soln. of barium and thallous dithionates with the two salts in the 
molar proportions 2 : 3 and 1:4; and solid soln. of strontium and thallous dithionates 
m rhombic crystals containing 5*53 per cent, of thallous dithionate, and having the 
axial ratios a :h : 0=0*5674 : 1 : 2*7376 as vrell as the ternary mixture of potassium, 
strontium, and thallous dithionates (respectively 10*73, 10*55, and 78*72 per cent.) in 
rhombic crystals with the axial ratios a :h : c=0*5914 : 1 : 1*3588. G. N. Wyrouhofi 
obtained soluble crystals of thallous sulphatodithionate, 3TI2S2O6.TI2SO4. 
K. Kluss found that thallous and lead dithionates form a series of solid soln. 

P. T. Cleve prepared lanthanum dithionate, La2(S206)3.16H20, and with 23H2O, 
as in the case of the aluminium salt. It is soluble in water ; so also with didymium 
dithionate, Di2(S206)3.24H20 ; H. Topsoe gave for the axial ratio of the hexagonal 
crystals c=l : 1*2965. G-. N. Wyrouboff obtained cerous dithionate, 

062(8206)3. 3H2O, and I5H2O, while S. John obtained crystals with 24H2O. The 
pentadecahydrate was obtained in triclinic crystals from soln. at The 

crystals had the axial ratios a:h : c=0*5917 : 1 : 1*1912, and a=81° 26', j3=105° 21', 
and y=86° 38', and the sp.gr. 2*288. The trihydrate separates above 20"" in tri- 
clinic crystals with the axial ratios a : 6 : c=0*5807 : 1 : 1*2030, and a=89°25', 
^=96° 9', and y =96° 18', and sp. gr. 2*631. G. T. Morgan and E. Cahen obtained 
colourless, acicular crystals of the dodecahydrate, 062(8200)3. 12H2O, by crystallizing 
the cone. soln. in vacuo over quicklime or potassium hydroxide. C. von Schule 
prepared praseodymium dithionate, Pr2(8206)3.12H20, in deliquescent crystals, 
very soluble in water ; 0. M. Hoglund, erhium dithionate, Er2(S206)3.18H20, 
very soluble in water and alcohol, but insoluble in ether ; and P. T. Cleve, non- 
deliquescent yttrium dithionate, Y2(S206)3.18H20, very soluble in water, sparingly 
soluble in alcohol, and insoluble in ether. P. B. Sarkar prepared impure gado- 
linium dithionate. P, T. Cleve obtained presumably thorium dithionate in soln. 
by double decomposition of thorium sulphate and barium dithionate, but it decom- 
posed when the soln. was concentrated by evaporation. K. Kliiss represented an 
unstable product he obtained by Th(S206)2-4H20. 

J. Bouquet obtained stannous dithionate by the action of dithioiiic acid on 
freshly precipitated stannous hydroxide ; when the soln. is evaporated in vacuo, it 
decomposes with the separation of stannous sulphide. K. Kliiss found that the 
soln, deposited a basic salt — stannous heptoxydithionate, 8Sn0.S205,9H20, or 
7SnO.SnS2O6.9H2O — on evaporation over sulphuric acid in vacuo. F. Heeren 
obtained lead dithionate, PbS206.4H20, by the spontaneous evaporation of a soln. 
of lead carbonate in dithionic acid. P. Marino, and H. C. H. Carpenter obtained 
no dithionate by the action of sulphur dioxide on lead dioxide. The crystals 
resemble those of strontium and calcium dithionates. The colourless, doubly 
refracting, trigonal crystals were found by A. Brezina to have the axial ratio a : c 
=1 ; 1*5160, and a=81° 19', The crystals were also examined by F. Heeren, and 
E. Brauns. G. N. Wyroubofi thought that the crystals are monoclinic. There is 
no marked cleavage. H. Baumhauer, and L. Sohneke examined the corrosion 
figures ; and C. Gaudefroy, the dehydration figures. H. Topsoe gave 3*245 for the 
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sp. gi. ; H. Baker, 3*259 : P. Gioth, 3*199 ; and J. Bekr, 3*238. F. Exner mapped 
tie hardness of the surfaces of the faces of the crystals. V. von Lang found the 
heat conductivity in a direction perpendicular to the principal axis to he rather 
smaller than it is when parallel with the chief axis. . J. Thomsen gave —8*54 Cals, 
for the heat of soln. of the tetrahydrate in 400 mols of water. "" F. Kiocke, and 

G. ]Sr. Wyrouhofi examined the optical anomalies of the crystals. H. Topsoe and 
C. Christiansen gave for the indices of refraction £0=1*6295 and £=1*6492 for the 
C-line ; a>=l*6351 and £=1*6531 for the D-line ; and a>=l-6481 and €=1*6666 for 
the J-line. C. Pape found the optical rotary power to be 4*09® for the C-line, 
5*35° for the D-line, 7*25° for the D-line, and 8*88° for the D-line. A. Ehringhaus 
and H. Rose studied the refraction index and dispersion. J. Dahleii examined the 
magnetic rotation of the plane of polarization. F. Heeren said that the salt has 
a sweet yet astringent taste. F. Heeren, and 6. Chancel and E. Diacon said that 
the salt is very soluble in water, and H. Baker said that 100 parts of water at 20*5° 
dissolve 115*1 parts of salt. Lead dithionate furnishes lead sulphate when calcined. 

H. C. H. Carpenter found that the aq. soln. is decomposed by sulphur dioxide, 
forming lead sulpldte and dithionic acid. Ammonia in quantity insufficient to 
precipitate all the salt was said by F. Heeren to furnish acicular crystals of lead 
oxydithionate, PbO.PhS2Oe.2H2O ; and with more ammonia, the decahydrated 
basic salt. R. F. Weiniand and R. Stroh obtained lead dihydroxydithioziate, 
[Pb2(0H)2]S206, in lustrous needles by double decomposition of a dithionate and the 
corresponding lead perchlorate ; and similarly also with lead tetrahydroxydithio- 
nate, [Pb3(0H)4]S206, which appears as a colourless crystalline precipitate. vSolid 
soln. of lead aifid, strontium dithionates were examined by H. de Senarmont, 
C. F. Rammelsberg, G. Bodlander, H. Ambronn, G, Tammaim and A. Sworykin ; 
and A. Fock gave for the refractive indices of mixtures with 

PbS206.4H20, 0 6*5 17*9 21 0 45 0 73*1 86*4 100 per cent. 

oj . . . 1*5296 1*5372 1*5479 1*5517 1*5770 1*6064 1*6202 1*6351 

e . . . 1*5252 1*5334 1*5477 1*5521 1*5826 1*6182 1-6352 1*6531 

L. Vanino and F. Mussgnug were unable to prepare normal bismuth dithiouate, 
Bi2(S20e)3, by the action of sodium dithionate on a bismuth mannitol soln. K. Ediiss 
treated bismuth hydroxide with dithionic acid, and obtained bismathyl dithionate,. 
{Bi0)2S20g.5H20, as a white mass almost insoluble in water, but decomposed by that 
menstruum, forming the basic salt Bi203{Bi0)2S20e.5H20 — ^bismuthyl oxydithionate 
in monoclinic crystals which, according to A. Fock, have the axial ratios nihic 
=0*543 : 1 : — , and /3=116° 45^. The (010) -cleavage is complete. Both salts 
are soluble in dil. acids. E. J. Bevan observed, that if an aq. soln. of barium 
dithionate be treated with vanadyl sulphate, and the blue filtrate concentrated in 
vacuo over cone, sulphuric acid, crystals of vanadyl dithionate, (V02)2S206, are 
formed. If the concentration be continued after the appearance of these crystals, 
decomposition sets in, sulphur dioxide is given off, and vanadyl sulphate remains. 
This decomposition prevents the separation of the salt of a high degree of purity. 

K. Ediiss, and A. Fock digested chromic hydroxide with an excess of dithionic 
acid and obtained a bluish-violet soln., which when slowly evaporated furnishes 
small, octahedral or tabular, violet crystals of chromic dithionate, 0r2(S2Os)3.18H2O. 
and a similar soln. is obtained by mixing barium dithionate with chromic sulphate. 
The salt is easily soluble in water and alcohol. If dithionic acid be treated with an 
excess of chromic hydroxide, the green soln. appears red in transmitted light, and 
when evaporated in vacuo furnishes a very hygroscopic mass of chromic oxyditMo- 
nate, 3Cr203.4S205.24H20. The same product is precipitated when the green soln. 
is treated with alcohol or ether. 

S. M. Jorgensen prepared chromic hydroxypen t a mmin odithionatCy [Cr(NH3)5- 
{0H)](S206).2H20; P. Pfeiffer and R. Stern, chromic w-hydroxyatiaobisethy- 
lene^amineditMonate, [Cr en2(H20)(0H)]S20fi; and P. Pfeiffer and E. Prade, 
chromic ^mws-hydroxyaguobisethylencdiamin^thionate ; 0. T. Christensen 
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prepared xanthochromic ditliionate, or chromic nitritopentaiiiimiioditMonate 
[Cx(NHg)5{N02)lS205.H20, in yellow, prismatic crystals, by treating a soluble salt 
of the series with sodium dithionate. The salt is insoluble in cold water, and it 
loses its water of hydration at 100^. 8. M. Jorgensen obtained carmine-red, six- 

sided, rhombic crystals of 'purfnreochromic dithionate or chromic pentammino- 
cMoroditMonates [Cr(NH3)5Cl]S206, by adding sodium dithionate to a chloride of 
this series of salts. The salt is sparingly soluble in cold water. A, Werner and 

J. V. Diibsky prepared chromic dihydroxydiaauodiammiiiodithionates 

[Cr(NH3)2(H20)2(0H)2]8o0e.H20, as a lilac-coloured, crystalline powder by adding 
sodium dithionate to a freshly prepared aq. soln. of the bromide. P. Pfeifier and 
T. G. Lando prepared deep violet needles of chromic c/^-dichlorohisethylencdiami- 
nodithionate, [Cr(NH2.CH2.CH2.NH2)2Cl2]S20e, in a similar manner. P. Pfeiffer 
and A. Koch prepared chromic ^m^i^^dichlorobisethylendiamiBedithionate, 
P. Pfeiffer and A. Trieschmann also obtained chromic cw-dibromobis- 
ethylenediaminodithionatCj and also chromic imncS-dibromobisethylencdiamino- 
dithionate. S, M. Jorgensen used a similar process in preparing carmine-red, 
rhombic prisms of rliododiromyc dithionate^ or chromic decammmohydros:ydithioiiate> 
[Cro(OH){NH3)io]2(S20e)5-2HoO,or[(NH3)5Cr. . . 0 (H)~Cr(NH 3 ) 5 ] 2 (S 206 ) 5 . 2 H 20 , 
almost insoluble in cold water ; it loses its water of hydration over sulphuric acid, 
and decomposes at 100°. S, M. Jorgensen made chromic decamminodihydroxy- 
dithionate, [Cr2(OH)(NH3)io]2(S206)2-(OH).H20, in pale blue scales, by adding 
anomonium carbonate and sodium dithionate to a cold sat. soln. of the thiocyanate. 
The salt is insoluble in water, dil. aq. ammonia, and soda-lye. S. M. Jorgensen 
obtained erythrochromic dithionate, or chromic pentamminoxydithionate, 
[Cr20(NH3)io](S20(s)2.3H20, in dark violet-red needles, by the action of sodium 
dithionate on the nitrate. It is soluble in cold water acidified with hydrochloric, 
liydrohroniic, or nitric acid. It loses 2 mols. each of ammonia and water at 100 °. 
ih Pfeiffer and W. Vorster obtained chromic hexaethylenediaminohexahydroxy* 
dithionate, [Cr4(OH)0(NH2.CH2.CH2.NH2)6](S2O6)3.7H2O, by the action of sodium 
dithionate on the chloride of the series. 

K. Kliiss found that normal uranyl dithionate, (U02)S206, the soln. obtained 
from uranyl sulphate and barium dithionate, is not stable, but decomposes over 
sulphuric acid in vacuo, forming sulphur dioxide and uranyl sulphate. The green 
soln. of uranous hydroxide in dithionic acid contains uranous dithionate, hut it 
decomposes into sulphur dioxide, etc., when allowed to stand over sulphuric, acid 
in vacuo. A series of basic salts— uranons oxydithionates — of indefinite composition 
is produced by mixing soln. of sodium dithionate and uranium tetrachloride, 
with very dil. soln., 8UO2.S2O5.2IH2O ; with cone, soln., at ordinary temp. 
7TJO2.S2O5.8H2O, is produced ; and with warm cone, soln., 6UO2.S2O5.IOH2O. 

J. L. Gay Lussac and J. J. Welter prepared manganese dithionate, presumably 
MnS206, by the action of sulphur dioxide on water holding manganese dioxide 
in suspension — vide supra, dithionic acid. H. C. H. Carpenter obtained good 
yields by using manganese sesquioxide. A soln. of the salt is also obtained by 
double decomposition between manganese sulphate and barium dithionate. 
the aq. soln. be spontaneously evaporated, K. Kxaut said that rhombic crystals 
of the tnhydrate, MnS 206 . 3 H 20 , are formed with the axial ratios a:h:c 
== 04906 : 3 : 0 * 5562 . J. 0 . G. de Marignac obtained rose-coloured, triclinic crystals 
of the hemhydrate, MnS206.6H20, and he gave for the axial ratios a:h:e 
= 0 - 6940 : 1 : 1 - 0307 , and a= 86 ° 32 ', j 3 = 117 ^ 24 ', and y= 95 ° 4 '— the ( 110 )- and 
(llO)-deavages are perfect, and the (OlO)-cleavage is good. The sp. gr. is 1 * 757 . 
J. Thomsen gave for the heat of formation (Mn,02,2S02,6H20) = 188*6 Cals. ; 
Mn( 0 H) 2 +H 2 S 206 =MnS 206 aq.-f 22*78 Cals. ; and for the heat of soln. in 400 
mols of water at 18 °, — 1*93 Cals. The crystals effloresce in air ; and form man- 
ganese sulphate at a dull red-heat, K. Kliiss prepared ammonium manganese 
dithionate^ 9 {NH 4 ) 2 S 206 . 2 MnS 20 e.l 6 jH 20 , from a sola, of the component salts. 
The crystals are said to be isomorphous with those of the zinc salt ; and A. Took 
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gave for the axial ratios of the moriocliiiic crystals a:h: 0=2*1289 * 1 ■ 1*2173 
aTid/8=9U197 

F. Heeien prepared ferrous iitMoiiateg FeS206.5H20, by tbe action of ferrons 
sulphate on the calculated amount of barium dItMonate, and allowing the nitrate 
to evaporate, first at a gentle beat, and then spontaneously. The oblique riiombic 
prisms have the colour and taste of ferrous sulphate. The crystals become brown 
on exposure to air, and when heated, they leave a residue "of ferrous sulphate. 
E. Kluss said that the salt is heptahydrated, and that 100 parts of water at 18*5° 
dissolve 169*5 parts of salt. F. Heerea said that the salt is not soluble in alcohol : 
and that the aq. sola, furnishes ferrous sulphate when boiled. K. Kiiiss prepared 
anunoniiim ferrous ditMonate, 3(Iffl4)2S20e.FeS206.6H20, from a soln. of the 
component salts, and found that the monociinic prisms have the axial ratios a :h:c 
=2*0561 : 1 : 1*1907, and ^=90° 51' ; the optic axial angle is 2i2’=72° for Ea-light. 
The crystals are probably isomorphous mixtures. He also obtained crystals of 
9(XH4)2S20e.2FeS206.16-|Il20. F. Heeren reported that an aq. soln. of dithionic 
acid dissolves a smaE amount of freshly precipitated ferric hydroxide ; and it 
unites with the oxide, forming a reddish-brown powder — ^ferric OKyditMonate^ 
8Fe2O3.S2O5.20H2O — which is insoluble in water or alcohol ; slightly soluble in 
dithionic acid ; and easily soluble in hydrochloric acid. K. Eliiss said that the salt 
is tetradecahydrated, and he likewise obtained 3Fe2O3.S2O5.8H2O, insoluble in 
water, but soluble in acids. 

F. Heeren made cobalt ditMoiiate, C0S2O6.8H2O, by evaporating, at a gentle 
heat, the filtrate from a mixture of soln. of barium ditbionate and cobalt sulphate. 
U. Antony and E. Manasse said that the dithionate is not produced by the action of 
sulphur dioxide on cobalt sulphate. H. Topsoe said that the dark led triclinic crystals 
of the octohydmte are triclimc with the axial ratios ail: c=l*1518 : 1 : 1*1230, 
anda=108° 14', j8=85° 12', and y=106°4'. The (OOl)-Gleavage is perfect, and 
the (010) -cleavage distinct. The sp. gr. is 1*8155. K. Kiiiss found that rose- 
red crystals of the hexahydrcUe are precipitated by alcohol from aq. soln. The 
octohydiate effloresces in dry air ; and 100 parts of water at 19^ dissolve 204 parts 
of salt. K, Kiiiss obtained monociinic crystals of ammonium cobalt dithionate, 
9(NH4)2S206.2 CoS 206.16|H20, from a soln. of the component salt ; the crystals of 
the solid soln. have the axial ratios a:b: c=2*0594 : 1 : 1*2045, and ^=90° 54' ; and 
the optic axial angle 2H=74|-° for Na-ligtt. S. M. Jorgensen obtained cobalt 
pentamminohydioxydithionate, [Co(NH3)5(OH)]S206.2H20, by boilmg 5 grms. of 
cobalt pentamminonitratonitrate with 70 c.c. of aq. ammonia, adding 6 grms. of 
sodium dithionate to the filtered soln., concentrating the liquid to 10 c.c, and adding 
a few drops of alcohol. Carmine-red rhombic or monociinic, octahedral crystals are 
precipitated. The salt forms a violet-red soln, with water; though sparingly 
soluble in water, it is readily soluble in dil. hydrochloric acid ; it drives ammonia 
from ammonium salts ; and it loses 2 mols. of water at lOO'^. C. F. Rammeis- 
berg obtained a salt, C02O3.2S2O5.IONH3, thought to be this com- 
pound. A. Werner prepared cobalt diamininodipyridmodihydroxyditMon^ 
[Co(NH 3)2(C5H5N)2(OH)2]2(S206 )s. 2H20, in brown, sparingly soluble crystals by 
adding sodium dithionate to the chloride of the series, also violet, 
sparingly soluble in crystals of cobalt tetramminoa^uohydroxyflitMonate, 
[Co(NH 3)4(H20} (0H)]S205.H20, fromjthe bromide of the series and sodium dithionate . 
By treating the as-nitrate of cobalt diethyleneainineaquohydroxide in analogous 
manner, A. Werner prepared violet-red needles of colidt m-dietbylenedUiaiiuno- 
aquobydroxyditliionate, [Co(]SrH3.0H2.CH2.NH2)2(H20) (0H)]S2O5, almost in- 
soluble in water, and soluble in dil. acetic acid or dil, alkali-lye. Likewise also the 
imws-salt furnishes cobalt imns-diethyleuediamme-aquohjdroxyditMonate, 
[Co(NH2.CH2.CH2.NH2)2(fl20)(OH)]S206. Large reddish-brown crystals of cobalt 
dhaminiuodipyridlnoaquo-liydroxyditluom [Co(]SnS3)2{C5H5N)2(H20)(OH)]S20e, 
were formed in an analogous way, S. M. Jorgensen prepared wbalt pcutammillO" 
niteatoditMonate, [Co(NH3)5(N03)]S206.H20, in a similar manner. The red needles 
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are sparingly soluble in cold water, and freely soluble in hot water when they are 
hydrolyzed to the pentamniinoaquo-salt. Hydrocliloric and nitric acids convert 
the (lithioiiate respectively into the chloride and nitrate. He also made violet, 
rectangular prisms of cobalt pentamminochloroditliioiiate, [Co(NH3)5ClJS206 ; 
and carmine-red, dicliroic crystals of cobalt bisethylenediaminoamminocWorodi- 
thionate, [Co(NH2.CH2.CH2.NH2)-2(NH3)ClJS206. Ror cobalt dia^idobisethylene- 
diaminedithionate, and cobalt diazidotetramminodithionate, vide the azides. 
A. Werner treated a soln. of cobalt pentamminohydroxydithionate with carbon 
dioxide, and obtained brick-red crystals of cobalt pentamminohydrocarbonato-* 
dithionate, [Co(NH3)5(HC03)]S206 ; bnck-red, sparingly soluble needles of cobalt 
diethylenediaminodiimtrito&tMonate, [Co(NH2.CH2.CH2.NH2)2(N02)2]2S20e; 
cobalt cis-tetramminocMoroditMonate, [Co(NH3)4Cl2l2S206 ; A. Werner “^and 
A. Frdhlich also made cobalt cis-dipropylenediaminodichlorodithioiiate, 
[Co(NH3.0H2.CH2.CH2.NH2)2Cl2]2S206 ; likewise also with cobalt i{raw5-dipropylene- 
diammodicMorodithionate, [Co(NH2.CH2.CH2.NH2)2Cl2]2S206. S. M. Jorgensen 
obtained carmine-red rbomboidal plates of cobalt tetramminocarbonatodithionate, 
[Co(NH 3)4(C03)]2S206 ; also chocolate-brown needles of cobalt hexamminoxydi- 
aqiuoliydroxydithioiiate, [(NH3)2(H20)2 .Co{OH).O.Co(NH 8)4]2(S20(53.2H20, also dark 
violet crystals of cobalt dodecamimnobexahydroxydithionate, [Co 4 ( 0 H) 6 (NH 3 )i 2 ]- 
(S20(j) 3.4H20 ; dark red aggregates of needles and prisms of cobalt hexammino- 
trihy^oxyditMonate, [Co2(OH)3(NH3)6l2(S20^)3.H20 ; pale violet scales of cobalt 
hexamminotrinitratoaguodibydroxy&ttdonate. 
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and pale violet needles of cobalt octamininodihydroxydithionate, [Co2(OH)2(NH3)8]- 
(S206)2*2H20. A. Werner and 6. Jantsch prepared a pale bluish-red powder of 
cobalt tetraethylendiaminediaquotetrahydroxydithionate, [Co 3 ( OH) 4 (NH 2 . CHo. 
CH2.NH2)4(H20)2](S20e)2.2H20 ; A. Werner, raspberry-red plates of cobalt 
octamminoamidobydroxydithionate, [Co2(NH2)(OH)(NH3)8l(S20o)2.2H20 ; and 
a rose-red crystalline powder of cobalt decamminoamidoditbionate, 
LCo2(NH2)(NH3)io]2(S20e)5.6H20. 

0. R. Rammelsberg prepared nickel dithionate, NiS20e.6H20, by evaporating 
the filtrate from mixed soln. of barium dithionate and nickel sulphate. H. Topsoe 
found that the green, triclinic prisms have the axial ratios a : h :c™0-6968 : 1 : 1*0184, 
and a=Sr 29', 5=118° 15J', and y=93° 37'. The (110)- and (110) -cleavages are 
perfect, and the (OlO)-cleavage distinct. The sp. gr. is 1*908. C. F. Rammelsberg 
said that the salt decomposes into sulphur dioxide and nickel sulphate when heated. 
When the aq. soln., is treated with ammonia, violet-blue plates of nickel hexammino- 
ditbionate» NiS20(3.6NH3, are formed. When heated, ammonia, and ammonium 
sulphite and sulphate are given off, and nickel sulphide and sulphate remains. 
The hexammine is decomposed by water with the separation of nickel hydroxide. 
W. Peters found that the hexammine loses 2 mols. of ammonia at 100°. H. Franzen 
and 0. von Meyer prepared nickel trihydrazinoditbionate, NiS206.3N2H4, by 
treating a soln. of nickel dithionate with ammonia, and then with hydrazine. ^The 
reddish-violet crystals soon decompose ; they are soluble in aq. ammonia, K. Kliiss 
prepared ammonium nickel dithionate, 9(NH4)2S206.2NiS206.16 J-H2O, from a soln. 
of the com})Ouent salts. The product is a solid soln. or isomorphous mixture. The 
green tabular or prismatic crystals belong to the monoclinic system and have the 
axial ratios 0:6: c=2*0643 : 1 : 1*2077, and ^=90° 56', and the optic aXial angle 
2H=74rforNa-lig]it, 

S. G. Hedin obtained a complex salt of platinous dithionate and pyridine, 
[Pt(C5H5N)4]S206.MH20, from the sulphate and barium dithionate. The needle- 
like crystals rapidly effloresce in air. U. Antony and A. Lucchesi observed that 
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nitlienioiis ditMonatej EuS20e, is produced when sulphur dioxide is passed 
into a solii. of ruthenium sulphate , it is very soliiblt* in water and is precipi- 
tated fiuni its aq. soln. by alcohol as a yelk )wi.sli- white [)owder soluble in acids 
without alteration. On evai^oratmg its aq. soln. at the ordinary temp, over 
a desiccating substance^ ruthenioiis dithionate is depo.^ited as a ]>ale yellow 
mass of radiating fibres, composed of optically negative crystals, which are too 
small to admit their system being determined. On warming with potassium 
permanganate soln., it is readily oxidized to sidphate and sulphuric acid, the 
oxidation being more energetic on boiling, and in this case some perruthenic acid, 
easily recognizable by its odour, is formed It is also oxidized by the continued 
action of chlorine, bromine, nitrohydrochloric acid, hydrochloric acid and potassium 
chlorate, or nitric acid. The formation of ruthenioiis dithionate ])y the action of 
sulphur dioxide on the sulphate comprises two distinct phases ; the ruthenic sulphate 
being first reduced to the ruthenious compound, and suljihur dioxide being subse- 
quently taken up directly by the ruthenious sulxihate. 

R. F. Weinland and J. Alfa ^ prepared crystals of potassium difluodithiouate, 
^28205^2*3^20, from a warm, sat. soln. of potassium dithionate in hydrofluoric 
acid. It is very unstable, and when exposed to air, it quickly decomposes with the 
evolution of ’water and hydrofluoric acid, leaving a residue of potassium dithionate : 
when heated, the salt gives ofi water and hydrofluoric acid, then sulphur dioxide, 
leaving a residue of potassium sulphate. He also obtained rubidium difluodithio- 
nate* Rb2S205F2.3H20, in all respects like the potassium salt, aud caesium 
bydroxyfluoditMonate, Cs2S205(0H)F.H20, was obtained by satmating warm 
hydrofluoric acid with caesium dithionate, and cooling. The small, colourless prisms 
of the caesium salt are more stable than potassium diiluodithionate, but the two salts 
are similar in other respects. They were unable to pre^^are amimnium dijluodi- 
tliionate, and sodium dijiuoditliionate. The supposed constitutions are represented 
by the graphic formulae : 
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§ 42* TritMonic Acid and the Trithionates 

In 1841 ), C. Langlois 1 in a paper : Sur un novel oxacide du soufie Vacide liyfo- 
sulfuf&ux lihre, described the preparation of what he called sulfMiyfosulfiie de 
potasse, that snlphated dithionate of potassium, or potassium trithionate, by the 
action of sulphui on potassium hydiosulphite : 6KJE[SOa4-2S=2K2S306+^2^2^^ 
+m^O. He said: 
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I first) prepare some potassium iiydrosulphite l>y passing a current of sulpliur dioxide 
into a soln. of purified potassium carbonate ; the iiqmd is saturated when the evolution of 
carbon dioxide ceases, and the sulphur dioxide escapes en grande quant it e. The liquid then 
contains many crystals of potassium hydrosulphite, and no sulphate if the sulphur dioxide 
was well washed before it passed into the potassium carbonate. The liquid and crystals 
are mixed with flowers of sulphur, and slightly warmed on a sand-bath ; if the temp, be too 
high, the trithionate will decompose as it is formed. In three or four days, the sulphite 
is usually transformed into trithionate ; during the reaction, some sulphur dioxide is given 
off, and a little sulphate is formed. The yellow colour of the liquid disappears as soon as 
the formation of the new salt is completed, and this is un signe certain that the reaetion is 
ended. The liquid is filtered while hot, and it becomes turbid on cooling by producing 
crystals of the trithionate and a little sulphur. To purify the crystals from the sulphur, 
and a httle potassium sulphate, they are dissolved at a gentle heat by the smallest possible 
quantity of distilled water. The filtered soln. is no longer turbid, and it soon deposits 
ires hmux cristaux prknmtiques. 

Botli C. Langlois, and F. Kessler said that in order to prepare an aq. soln. of 
tritMonic acid, the potassium salt is treated with an excess of hydrofluosilicic acid ; 
and baryta water is added to the filtered liquid to precipitate the excess of hydrofluo- 
silicic acid. The soln. of barium trithionate is then treated with sulphuric acid, and 
the filtered liquid is an aq. soln. of trithioidc acids H2S3O65 which is concentrated 
by evaporation over cone, sulphuric acid in vacuo. Neither tritMonic acid nor 
tritMonic anhydride^ S3O5, has been isolated. The acid slowly decomposes at 
ordinary temp, with the separation of sulphur, the evolution of sulphur dioxide, and 
the formation of sulphuric acid : B[2S306=H2S04+S02+S. Even when the acid 
is concentrated at 0® some decomposition occurs, and at 80®, on a water-hath, the 
decomposition is rapid. M. J. Fordos and A. Gelis said that the soln. is more stable 
in the presence of acids. H. Debus found that 24 hrs. after the preparation of the 
soln. of tritMonic acid, the liquid had acquired the odour of sulphur dioxide, and a 
precipitate of sulphur had formed. At ordinary temp., tritMonic acid is slowly 
decomposing, hut after several weeks some undecomposed acid can be detected in 
the liquid. The sulphur does not all separate in the feee state during the decompo- 
sition : H2S30e=H2S04-hS02+S — a portionunites with the nndecomposed tritMonic 
acid to form pentatMoMo and probably also tetratMonic acid. No pentatMomc acid 
could he detected two days after the preparation of the trithionic acid, but after the 
lapse of 14 days, considerable quantities of pentatMonic and sulphuric acids could be 
detected in the liquid ; 3H2S306=2H2S04+2S02+H2S506. Similarly also with 
potassium txitMonate a clear neutral soln. of a gram of this salt in 10 c.c. of water 
gave no reaction with ammoniacal soln. of silver nitrate, or with a soln. of potassium 
hydroxide, hut after standiug 24 hrs., the soln. had acquired an acidic reaction 
without the separation of snlphur : 2K2S306==K2S406+K2S04+S02 — penta- 
tMonate could be detected at this stage of the reaction. Six days after the prepara- 
tion of the soln., potassium sulphate and sulphurous acid were found in abunciance, 
and comparatively large quantities of potassium pentatMonate were detected by 
means of an ammoniacal soln. of silver nitrate, and of potassium hydroxide, 
respectively. It follows, therefore, that an aq. soln. of potassium trithionate decom- 
poses at 18® slowly into potassium sulphate, sulphurous acid, and sulphur, but the 
latter is not set free, as it enters into combination with potassium trithionate, form- 
ing tetra- and penta-thionate respectively — 3K2S306=2K2S04+2S02+K2S506. 
A soM. of one of the three salts, potassium penta-, tetra-, or tri-tMonate, will 
contain, if left to . itself for some time, all three salts* A. Kurtenacker and 
M. Kaufniann represented the reaction S30a''+H20=S203''''+S04^ +22", and 
S203^''-f-S306^^+H‘=S406'''+HS03". Sulphur is not precipitated, and only a little 
pentatMonate is formed. This occurs at a later stage of the reaction, 5S203^-i-6H' 
=2S5O0^'+3H2O. In acidic soln. the decomposition is more rapid, and a third 
reaction occurs, S203"+H*=HS03'“|-S. J. Pelouze said that the boiling soln. 
of potassium trithionate decomposes into potassium sulpMte, sulphur dioxide, and 
sulphur. A. Hornig observed that soln. of trithionates are hydrolyzed, forming 
sxdphate, tMosulphate, and hydrogen ions. 
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Returning to the prex^aration of xjotassiiim trithiouate, J. Pclouze said that the 
formation of potassium sulphate during the ox)eration is due to the decompositioa 
of the thiosuIx)hate, one of the x)roducts of the reaction. C. Saintpierre found that 
if a dil. soln. of ]>otassium hydrosul^diite be lioated in a stalled tube on a water-hath 
sulphur, and potassium trithionate and sulphate are formed, but no other sulphur 
compound : 10KHS03=5K2S04+H2S30o+2S+4H20. The liquid first becomes 
yellow, xmesumably owing to the formation of sulx)hur, so that here again, as C. Lang- 
lois showed, the trithionate is produced by the action of sulphur on the hydrO' 
sulphite. Since sulphur dioxide acts on potassium thiosulxfiiate to form the trithio- 
nate, it follows that the action of sulphur on potassium hydrosulphite proceeds 
in two stages: 3KoS206+3S=2K2S203+3B02+Iv2S20e ; and 2K2S2O3+3SO2 
=2K2S30e+S. A trithionate is produce<l by the action of sulxfimr dioxide on a 
mixed solu. of potassium sulphide and hydrosulphite, K2RA4KHSO3+4SO2 
=3K2S306+2H20 j as shown by G. Chancel and E. Diacon. 

E. MathiemPlessy observed that potassium trithionate is formed by the action 
of sulphur dioxide on a cone. soln. of potassium thiosulxfiiate : 2K2S203-)-3S02 
=2K2S306+S. H. Baker added that with sodium thiosulphate no trithionate hut 
only crystals of the thiosulphate are formed. A. Villiers said that the reaction 
should be rex)resented : 2Na2S203“h3S02'=Na2S40(5+Na2S306. H. Debus showed 
that E. Mathieu-Plessy’s equation cannot be right because the final products of the 
action are potassium trithionate as the main product, while sulx)hur and potassium 
tetra- and penta-thionates are also formed : 6K2S2O3+9SO2^K2S5O6+K2S406 
+4K2S30e, actually less penta- and tetra ^thionates and more trithionate are formed 
on account of the formation of - vide supra, thiosul})huric acid. W. Peld, 

and P. Easchig studied the reaction. H. Hcrtlein added that with an excess of 
sulphur dioxide, no polythionate is formed. E. Josephy and E. H. Eiesenield 
observed that the reaction between potassium thiosulphate and sulphur dioxide 
gives potassium trithionate ; with aniline, aniline tetrathionate. B, Eathke showed 
that the trithionate is produced if a mixture of potassium thiosulphate and hydro- 
sulphite be crystallized together: 2K2S203-f 3SO2—2K2S3O4+S; M. J. Eordos 
and A. Gelis said that the trithionate is x)roduced by evaporating a soln. of zinc 
in sulphuric acid through the intermediate formation of the dithionate • 
2ZnS203=ZnS+ZnS30e ; and W. Spring, by boiling solu. of the complex thio 
sulphates; 2HgNaS203=Hg2S+Na2S30^. The oxidation of a soln. of sodiun 
sulphite and thiosulphate by means of iodine was stated by W. Spring to fuxnisl 
trithionate by what he supposed to be the reaction : Na2S03+Na2S203+l5 

=Na2S306+2NaI, but A. Colefax said that this is not correct, for the trithionate it 
the result of a secondary reaction between the tetrathionate and sulphite in the 
presence of the iodine. E. Willstatter obtained the trithionate by dropping hydro 
gen dioxide into a soln. of sodium thiosulphate at 0° to 10®, 2Na2S203+4H20s 
==Na2S306+Nav,S04-l-4H20. E. Easchig said that tetrathionate is produced as 
an intermediate stage of the reaction ; and added that better yields are produced by 
the reaction Na2S203+2NaHS03+2S02==H20+2Na2S30e, in the presence oi 
sodium arsenite- -vide supra, the pentathionate. J. E. Mackenzie and H. Marshal) 
showed that w'hile tetrathionates are produced by the action of persulphates od 
thiosulphates — e,g. K2S2G8+2Sr2S203=2SrS04+K2S406 — ^provided a slight excess 
of the persulphate is used ; if the thiosulphate be in excess, the trithionate is pro- 
duced. J. von Szilagyi obtained potassium trithionate by the decomposition oi 
potassium arsenothiosulphate : 2K3As(S203)3^As2S3+3K2S30e. P* Pierron found 
that trithionate is formed in the anodic oxidation of a soln. of ammonium thio- 
sulphate ; C. J. Thatcher used sodium tMosulx>hate — vide supra, thiosulphimc acid. 

As indicated in coimection with Wackenroder’s liquid, trithionic acid is found 
among the products of the decomposition of the polythionic acids ; and also by the 
action of sulphur dioxide on these acids. H. Baumann did not agree with C. Lan^ 
lois, and E. Kessler, that trithionic acid is formed when dithionates are treated with 
sulphur. According to W. Spring, when ammonium sulphate is treated with 
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manganese snIpMde, in tiie cold, ammonia and Hydrogen sulphide are evolved, and 
there remain in soln. tritbionate and sulphate, hut no sulphide ; similarly when 
ammonium sulphate is heated with phosphorus peiitasiilpiiide, ammonium trithio- 
nate is formed. F, Muck reported that when manganese sulphide is boiled wath a 
solii. of ammonium sulphate, ammonia and hydrogen sulphide ^re given oh', and a 
small proportion of tritbionate is formed. H. Bassett and R. G-. Durrant added that 
the manganese sulphide serves as a source of hydrogen sulphide liberated by the 
acid derived from the ammonium sulphate. The product is thiosulphate (q.v.), 
not trithionate. They also obtained a little trithionic acid by the action of 
hydrogen sulphide on sulphuric acid of such a concentration that suljphur is not 
deposited when a current of hydrogen sulphide is passed through. The sulphuric 
acid has to be nearly 25 iV^- before any separation of sulphur occurs on the passage of 
hydrogen sulphide. It is assumed that the first stage of the action consists in the 
formation of trithionic acid by reaction with the pjorosulphuric acid present in the 
cone, acid : H2S207+H2S^H2S306+H20. The hydrolysis of the trithionic acid 
would yield sulphurous and thiosul|)huric acid, which, in turn, would give sulphurous 
acid and sulphur. Sulphur could also he formed by the action of hydrogen sulphide 
on the intermediate products of hydrolysis. Just as H2S2O3 is thionated sulphuric 
acid, so trithionic acid can be regarded as fMopyrosulphuric acid. 

M. Honig and E. Zatzek found trithionate is produced, along with sulphuric 
acid and sulphur, by the action of potassium permanganate, in the cold, on alkali 
sulphides or poly sulphides. According to W. Spring, sulphm mono chloride reacts 
■vvith potassium sulphite, forming a trithionate : 2K2S03+S2Cl2==K2S306+2KCl+S ; 
and sulphur dichlbride likewise reacts : 2K2S03+SCl2=K2S30e+2KCl. H. Debus 
said that w^ater decomposes sulphur monochloride into thiosulphuric and hydro- 
chloric acids and sulphur : 2 S 2 Cl 24 - 3 H 20 =H 2 S 203 +dHCl+ 2 S. The thiosulphuric 
acid soon splits into water, sulphur, and sulphurous acid. Whenever nascent 
sulphur and sulphurous acid meet under favourable conditions, polythionic acids are 
formed, and he detected the presence of pentathionic acid in the liquid — vide infra. 
0 . Ruff and E. Giesel observed trithionic acid among the products of the hydrolysis 
of nitrogen tetrasulphide with water or ammonia. 

0 . Langlois said that the aq. soln. of the acid is water-clear, and that when highly 
concentrated, trithionic acid furnishes a syrupy liquid which is not corrosive, is free 
from smell, and possesses an acidic, astringent, and bitter taste. J. Thomsen 
gave for the heat of formation, ( 2 S 02 ,S, 0 ,Aq.= 65-886 Cals. ; ( 3 S, 50 ,Aq.)= 201-76 
to 208*03 Cals. ; and M. Berthelot, 211 * 4 : Cals. ; and M. J. Fordos and A. Gelis 
observed that the electrolysis of the trithionates furnishes potassium hydrosulphate 
at the anode. H. Hertlein gave 72*8 for the transport number of the anion JS3O6 
at 25 ^ 

According to W. Petzold, the trithionates are broken down by beat into sulphates, 
sulphur, and sulphur dioxide ; and in aq. soln. the trithionates are hydrolyzed : 
2 H‘+S 306 "+H 20 =S 203 ^'+S 04 '^-f 4 H* ; but if the sola, is heated, it breaks down : 
S30e'^=S0/'-|-S02+S. There is a state of equibbrium with the pentathionates : 

The hydrolysis of trithionic acid in acidic soln. can be 
represented by : H2S30Q+H2CbF^H2S+H2S207, and 3H2S203+3H20^3H2B 

-i-3H2S04. According to F, Forster and A. Hornig, the hydrolysis in weakly acidic 
and weakly alkabne soln. can be represented H2S306+H20=H2S04+H2S203. 
The hydrolysis is greatly accelerated by salts of copper, silver, and mercury, with 
the precipitation of the sulphides of these metals. If the reaction were reversible, 
the formation of the sulphides could be explained by the decomposition of the 
thiosulphate, with the consequent disturbance of the equilibrium ; but the addition 
of sulphates does not slow down the rate of hydrolysis, and the presence of barium 
salts does not accelerate it through the formation of insoluble barium sulphate. 
H. Bassett and R. G. Durrant suggest that symmetrical and asymmetrical 
forms of trithionic acid are in equilibriuin in the soln, : HS.SO2.O.SO2.OH 
^HO.S 02 .S.S 02 . 0 H. The symmetrical form is favoured in alkaline soln., but under 
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ordinary conditions of acidity the asymmetrical form is favoured. The hydrolysis 
of the asymmetrical form yields hydrogen sulphide and pyrosulphuric acid, and tte 
reaction is greatly accelerated by the salts of copper, silver, and mercury owing to 
the insolubility of the sulphides ; with a barium salt, there is no acceleration because 
in the equilibria H2S306+H20^H2S+H2S207, and 1128207+1120^2112804, tie 
pyrosulphuric acid would be hydrated nearly as quickly in the absence of hariuiu 
as in its presence, since the equilibrium would be almost entirely in favour of 
sulphuric acid except in very concentrated acid soln. For a similar reason, sulphate 
ions have little influence on the rate of hydrolysis. A. Kurtenacker and M. Kauf- 
mann, and F. Forster and A. Hornig found that in the absence of salts of the 
heavy metals, neutral and acidic soln. furnish chiefly sulphate and thiosulphate; 
and in the presence of sodium acetate, F. Forster found that the reaction: 
H2S30 g+H 20==H2S04+H2S203 is quantitative. In strongly alkaline soln., 
A. Kurtenacker and M. Kaufmann observed no sulphate, but only sulphite and 
thiosulphate : 2H2S2O6+3H2O =1128203+4112803. In the hydrolysis of sym- 
metrical trithionic acid, H. Bassett and R. G. Durrant said that the absence of 
sulphate indicates that in the first stage of the hydrolysis, the hydroxyl group 
becomes attached to the central sulphur atom, and not to a terminal one, so as 
to form a molecule of sulphonic acid, and an unstable intermediate compound, 
thiojfiermonosulphunc acid, HO.S.8O2.OH, thus : 


HO.SO2 

H 


S.S.O2.OH! 

OH 


=H.S02.0H+H0.S.S02.0H 


The subsequent further hydrolysis of the thiopcrmonosulphuric acid yields 
sulphoxylic acid and another molecule of sulphonic acid : OH.S.SO2.OH+H0O 
-^S(0H)2+H.S03H. The sulphoxylic acid is then oxidized to sulphurous acid 
by another molecule of thiopermonosulphurio acid, which is itself reduced to 
thiosulphate : S(0H)2+0H.S.S02.0H-^H2S03+H2S208. The final result of the 
hydrolysis in alkaline sola, is represented ’ by the equation : 2H2S3O6+3H2O 
^H2S203+4H2S03. It was not found possible to synthesize trithionic acid 
from sulphoxyhc and sulphurous acids by boiling a soln. of a mol of formaldehyde- 
sulphoxylate with mols of sodium pyrosulphite. 

Returning to the hydrolysis 2H2S30e+3H20 =1128203+4112803 studied by 
A. Kurtenacker and M. Kaufmann, with decreasing alkalinity of the soln., sulphate 
as well as sulphite and thiosulphate is formed ; and in the presence of sodium 
acetate — Le, under nearly neutral conditions — sulphate and thiosulphate were 
found by F. Forster to be produced on equimolar proportions. The rapid hydrolysis 
of trithionate in strongly acid soln. yields more than one-third the original sulphur 
in the form of sulphate. H. Bassett and R. G. Durrant said that sulphate 
and thiosulphate are never formed by the direct hydrolysis of trithionate-— tiie. 
as;pametrical form of trithionic acid yields hydrogen, sulphide and pyrosulphuric 
acid ; and the hydrolysis of the symmetrical form yields, in three stages, as 
indicated above : 2H2S30e+3H20=H2S203+4H2S03. If both forms of trithionic 
acid were present in equal proportions, and hydrolyzed at the same time, the 
asymmetrical acid would yield in two stages : H2S306+2B[20^2H2S04+H2S 
— ^F. Kessler observed the formation of hydrogen sulphide during the acid 
hydrolysis of trithionates — and the symmetrical acid in two stages ; HgSgO^ 
+2H20^2H2S03+S(0H)2. The hydrogen sulphide from the one would react 
with the sulphoxylic acid of the other : H2S+S(OH)2^2S+2H20 ; and the 
sulphur would react with the sulphurous acid : H2S03-+S=Il2S203. 

balanced state of the two modes of hydrolysis seems to occur in neutral soln., the 
resultant reaction being H2S306+H20^H2S04+H2S203. The formation of 
polythionic acids in the acid hydrolysis of trithionates is due to later chang^- 
A. Sander represented the reaction . with hydrogen dioxide: Na2S30e+^A 
+4Na0H=F=3Na2S04+6H20. A. Longi and L, Bonavia found that sodium 
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completely oxidizes tritliioiiates to salpliates. According to M. Berthelot,^ 
cMorine is passed into a soln. of^a tMosulpliate, snlpliuric acid or a snlpliate. , 
formed ; likewise also witk bromine where the heat of oxidation is 161*6 Cals. 

J. A. 31 uiler said that action of iodine on cold, neutral soln. of trithionates, or soln. 
acidified with acetic acid is very slow ; but is faster with warm soln. C. Langlois said 
that liydrocllloric acid has no action on trithionic acid, W. Spring sdiid that 
hydrochloric acid does not decompose trithionic acid in the cold, but when heated 
hydrogen sulphide and siilx^hur are formed. M. J. Eordos and A. G-elis found that 
trithionates are decomposed by cone, hydrochloric acid without liberating trithionic 
acid ; similarly also with iodic acid^ and with chloric acid. G. Langlois observed 
that trithionic acid is oxidized by chloric acid, forming sulphur, sulphuric acid, and 
chlorine, while perchloric acid is without action. H. Debus represented the 
reversible action of sulphur on potassium trithionate by : K2S3O6-|-S;=^K2S4O0 ; 
and -4-28^X28506. H, Debus observed that while tetratidonic and 

pentatMonic acids are decomposed by hydrogen sulphide^ trithionic acid, a far less 
stable compound, which is slowly evolving sulphur dioxide, is not acted upon by 
that gas at ordinary temp. W, Petzold confirmed this. According to H. Debus, 
tetrathionic and pentathionic acids react with hydrogen sulphide, forming water and 
sulphur, but no sulphuric acid. The hydrogen of the hydrogen sulphide reacts 
with the oxygen of these two polythionic acids. During their spontaneous decompo- 
sition in aq. soln., sulphur is separated, but no sulphur is produced ; on the other 
hand, an aq. soln. of trithionic acid is steadily decomposing with the formation of 
sulphuric acid. Hence, continued H. Debus, the arrangement of the atoms in the 
trithionate must he such that the affinity of sulphur for oxygen is easily satisfied. 
TTher a soln. of trithionic acid is saturated with hydrogen sulphide, there are two 
influences at work : (i) the affinity of sulphur atoms for oxygen atoms, and (ii) the 
affinity of the hydrogen of hydrogen sulphide for the oxygen of the trithionate. 
These opposing influences counterbalance one another so that a soln. of trithiomc 
acid saturated with hydrogen sulphide is more stable than the soln. of trithionic 
acid alone. If hydrogen sulphide is passed into a mixture of tri-, tetra-, and penta- 
thionic acids, the trithionic acid quickly disappears ; tetra- and penta-thionio aoids 
with hydrogen sulphide produce water and sulphur ; sulphur in statu nascendiy 
combining with trithionic acid, forms respectively tetrathionic and pentathionic 
acids — vide supra, polythionic acid. Hydrogen sulphide acts on potassium trithio- 
nate much more slowly than it does on the penta- or tetra-thionate. A soln. of the 
trithionate, saturated with hydrogen sulphide, had to stand three days before all 
the hydrogen sulphide was decomposed. The liquid deposited much sulphur, and 
the other products of the reaction were 2X28^00-4- ^E[28—K2S04+K2S203 
--}-5H20-{-8S — ^the odour of sulphur dioxide coxdd be also perceived. G. Chancel and 
E. Diacon, and A. Kurtenacker and M. Xaufmann found that potassium sulpMde 
converts the trithionate into thiosulphate without the separation of sulphur ; 
X2S3O6+K2S =2X38203, and W. Spring obtained an analogous result with lead 
trithionate and sulphide, W. Petzold said that trithionates are stable in the 
presence of sulphur dioxide. The reaction was studied by W. Feld, and F- Oher- 
dick. H. Debus showed that if a soln. of trithionic acid be treated with sulphur 

dioxide, all three polythionic acids — tri-, tetra-, and penta ^will be in the liquid 

after some time — vide supra, polythionic aoids ; any thiosulphuric acid which 
is formed reacts with the trithionic acid, forming tetra- and penta-thionic acids. 
W. Spring said that dil, sulphuric acid does not act on trithionic acid in the cold, 
hut when boiled, hydrogen sulphide and sulphur are formed ; cone, sulphuric 
acid was found by C. Langlois to heat the soln. and so decompose the trithionic 
acid. H. Debus said that dil. sulphuric acid neither accelerates nor retards the 
decomposition of the trithionates ; and M. J. Yordos and A. G 61 is said that cone, 
sulphuric acid develops heat with the separation of sulphur and the evolution of 
sulphur dioxide. 

C. Langlois observed that with nitric acid, nitric oxide is given ofi, sulphur 
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is deposited and transformed into sulphuric acid, and M. J. Pordos and A. Geiis 
made a similar ohservation with respect to the trithionates. According to A. Gnt- 
mann, sodium trithionate is reduced to the sulphite by sodium arsenite dissolved 
in soda-lye ; and the amounts of arsenate and thioarsenate formed agree with the 
equation : Na2S3O6-|-2Na3AsO3+2NaOH~2Na2SO3+Na3AsSO3+Na3AsO4-fH20. 
The reaction was discussed by T. S. Price and D. F. Twiss, and J. E. Mackenzie and 
H. Marshall — vide supra, polythionic acids. F. Raschig said that the trithionates 
react quantitatively with cyanides in hot alkaline soln. to form sulphites. This 
reaction was found by A. Kiirtenacker and A. Fritsch to be incomplete in neutral 
soil!., whereas tetrathionates in alkaline soln. give sulphites as well as thiosulphates. 
E. Weitz and F. Achterberg obtained salts witlx benzidine. 

F. Muck represented the reaction with sodium : K2S3O6+2Na“KNaS203 
4-K]SraS03, and with more sodium, the thiosulphate is converted into sulphide and 
sulphite. According to M. J. Fordos and A. Geiis, when a trithionate is warmed with 
an excess of potassium hydroxide, sulphite and thiosulphate are formed : 
2K2S3O0+6KOH~K2S2O3+4:K2SO34-3 HoO 5 and a trace of sulphate. M. Berthelot 
added that the reaction does not occur in the cold, and in hot soln. it is attended by 
the development of much heat. F. Kessler represented the reaction with boiling 
alkali-lye, K2S306+2K0H=K2S203+K2S04-f-H20, and lead acetate does not 
give a black precipitate with the soln. A. Kxirtenacker and M. Kaufmann said that 
the decomposition is slow in the case of dil. alkali and probably follows F. Forster 
and A. Honig’s equation S30(}''+20IF=:S203"4-S04"+H20, only a trace of penta- 
thionate is formed. E. H. Riesenfeld and G. W. Feld said that when boiled with an 
excess of alkali-lye, thiosulphate and sulphite are formed : 2S30e'''+6GH'=S203" 
-f 4S03'^-f3ll2^ J Langlois said that cold soln. of copper salts give no precipitate 
with trithionates ; and W. Spring, that a ])oiling soln. of trithionic acid is completely 
decomposed by copper sulphate with the precipitation of copper sulphide ; the 
reaction with potassium trithionate only occurs if none or only a trace of sulphite is 
present ; otherwise, the copper sulphate is reduced and cuprous potassium trithio- 
nate is formed. E. H. Riesenfeld and co-workers gave the equation : 
S30/'+Cu'‘-f-2H20=CuS-f-2S04''-f'4:H‘, and added that tetrathionates are indif- 
ferent towards this reagent. For the action of aq. and ammoniacal silver nitrate 
soln., vide Table XVII. C. Langlois said that with silver nitrates the trithionates give 
a yellowish- white precipitate w’hich rapidly blackens owing to the formation of silver 
sulphide. C. Langlois observed no precipitation occurs in the cold with soln. of 
calcium, strontium, or barium salts ; likewise also with salts of magnesium, and 
zinc. In the case of the barium salt, barium sulphate may be precipitated when the 
mixture is heated. According to W, Spring, trithionic acid with a small proportion 
of mercurous nitrate gives a Mack precipitate which soon turns white — Table XVII; 
and C. Langlois said that a black precipitate of mercuric sulphide is produced by 
mercurous salts and trithionates, and with mercuric salts the black sulphide passes 
into white sulphate. W. Spring, and H. Debus observed that with mercurio 
chloride, a white sulphochloride is precipitated and no free sulphur is formed ; and 
with mercuric cyanide, there is first a yellow precipitate which blackens slowly in 
the cold, and rapidly when heated. R. Willstatter said that the precipitate with 
mercuric nitrate is yellowish-brown, and that it blackens when warmed, and 
whitens when boiled. W. Feld represented the reaction with mercuric chloride: 
Na2S30e+2HgCl2+2H30=Na2S04-f2HgCl-fH2S04-f2HCl-fS; hut A. Sander 
showed that a sulphochloride, Hg3S2Cl2, is formed, 2X28300 4-3HgCl2+^s^ 
=Hg3S2Cl2+4KCl+iH2S04. C. Langlois said that no precipitation occurs in the 
cold with salts of aluminium, lead, uranium, cobalt, and nickel ; while manga^ 
sulphate is decolorized. A. Gutmann found that sodium trithionate is reduced by 
sodium stannite and hydroxide to sodium sulphite, stannate, and thiostannate. 
A. Longi and L. Bonavia said that potassium permanganate in alkane soln. 
slowly oxidizes trithionate to sulphates. F. Raschig said that in an acidic soln. 
potassium permanganate oxidizes two-thirds of the trithionate sulphur to sulphate, 
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and the remainder to dithionate. W. Wardlaw and N. D. Sylvester found that 
acidified soln. of tervalent molybdenum salts react with sodium trithionate, forming 
a brown precipitate as in the case of sodium tetrathionatej possibly with the 
intermediate formation of molyhdenmn tritliionate. 

Trithionic acid is dibasic, forming salts called trithionates, M2^S30e. Most of 
these salts are readily soluble in water. The potassium salt is the best known. 
F. Muck was unable to prepare ammonium trithionate, (1^114)28306, by the 
action of manganese sulphide on ammonium sulphate ; ammonia and hydrogen 
sulphide are given off, but no ammonium sulphide is formed ; the soln. probably 
contains a complex manganese ammonium trithionate. W. Spring heated a 
mixture of phosphorus pentasulphide and ammonium sulphate, and found that 
ammonium thiosulphate and polysulphide are given off, while impure ammonium 
sulphide remains in the residue, and is thought to be formed by the decomposition 
of the thiosulphate : 2(NH4)2S203=(NH4)2S3064-(NE[4)2S. This is an unsatis- 

factory method of preparation. E. Divers and M, Ogawa said that the ammonium 
salt is so very soluble that it cannot be obtained by the process employed by 
E. Mathieu-Plessy, and H. Hertlein for the potassium salt ; but they obtained it 
by treating a soln. of the potassium salt with hydrofiuosilicic acid, neutralized the 
clear liquid quickly with ammonia, precipitated the ammonium trithionate with 
absolute alcohol, and dried it in a desiccator- The very deliquescent, and change- 
able salt cannot be kept long in good condition. It is scarcely affected by heat 
until the temp, exceeds 150°, and then it steadily decomposes between 160° and 170°, 
forming sulphur dioxide, a residue of ammonium sulphate and of unfused sulphur. 
The non-fusion of the sulphur in attributed to the presence of minute quantities 
of impurities ; it is freely soluble in carbon disulphide and crystallizes out on 
evaporating the solvent. J. A. Christiansen obtained p-toluoyl trithionate. 

The methods of preparing potassium trithionate do not succeed so well when 
employed for sodium tritMoiiate, Na2S306.3H20. E. Kessler obtained it by mixing 
soln. of potassium trithionate and sodium hydrotartrate in the smallest possible 
quantity of water, cooling rapidly to 0°, and evaporating the clear liquid in vacuo. 

B. Rathke said that sulphur dioxide is given off, and that sodium sulphate crystals 
are followed by those of sodium thiosulphate, but not trithionate. C. J. Thatcher 
obtained it by the electrolysis of a feebly acidic or alkaline soln. of sodium 
thiosulphate, and by the hydrolysis of an alkaline soln. of tetrathionate. A. Colefax 
— vide supra — observed its formation as a secondary product in the reaction between 
iodine and a mixture of sulphite and thiosulphate. W. Spring prepared it from 
sodium mercuric thiosulphate as indicated above ; A. Villiers, by the action of 
sulphur dioxide on sodium thiosulphate ; and R. Willstatter, by the action of 
hydrogen dioxide on sodium thiosulphate. According to A. Villiers, the rhombic 
prismatic crystals have the axial ratios a:h: c=0‘5040 : 1 : 0*6972. M. Berthelot 
gave for the heat cf formation (38,302, 2Na) =393*6 Cals. ; and for the heat of soln., 
-10*14 Cals, at 10*2°. 

As previously indicated, potassium trithionate, K2SSO6, was prejiared by 

C. Langiois, B. Rathke, W. Spring, B. Mathieu-Plessy, D. Chancel and E. Diacon, 
H. Hertlein, etc. J. E. Mackenzie and H. Marshall mixed 20 grms. of potassium 
persulphate, 46 grms. of strontium thiosulphate, and 70 c.c. of water. The filtered 
liquid was allowed to evaporate spontaneously in a current of air, and filtered each 
day to remove the deposited sulphur. The tetrathionate was nearly all decomposed 
by the time the crystals of trithionate began to form. The crystals were 
dissolved in the minimum quantity of water at about 30°, and the filtered soln. 
allowed to cool slowly. This treatment was repeated until no sulphur was 
deposited when the soln. was allowed to stand fox 2 or 3 hrs. The soln. saturated 
at 30° was then allowed to cool slowly for 4-5 days when well-developed crystals 
were formed. The rhombic, prismatic crystals were found by E. de la Provostaye 
to have the axial ratios a: hi c=0*7166 : 1 : 0-4215. They were also examined by 
C. F. Rammelsberg, H. E. Merwin, and H. Baker. B. Rathke said that the crystals 
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are monoclinic, but he gave no measurements, J. E, Mackenzie and H, Marshall 
gave for the axial ratios of the rhombic bipyramids a:h : o=0*7168 : 1 : 0*4:19S. 
No distinct cleavage was observed ; in convergent, polarized light, viewed throngli 
the (210) “face, the interference figures showed that the plane of the optic axis is 
parallel to the (OlO)-face, with the c-axis as acute bisectrix. The optic axial angle 
2 F=68° 150 H. E. Merwin found 2F-:72° (Na-light) ; and J. E. Mackenzie and 
H. Marshall found that the sp. gr. varied from 2-3835 to 2-3395— average, 2*336. 
H. Hertlein gave for the sp. gr. 2*3036 to 2*304:4, and for the mol yoL, 
117*39. H. Hertlein found the sp. gr. of soln. with 1*326, 3*281, 6*396, and lh989 
per cent, of the salt to be respectively 1*00868, 1*02148, 1*04234, and 1*08124 ; and 
the mol. voi., 94*942, 97-132, 98*683, and 101*00 respectively. C. Langlois fonnd 
that when heated to redness potassium trithionate decomposes into* sulphur, sulphnr 
dioxide, and potassium sulphate : K2S30e=:S02+H2S04+S. J, Thomsen gaye 
for the heat of formation (2K,3S,302) —406*8 Cals., and M. Berthelot, 416 Cab. 
J. Thomsen gave —13*15 Cals, for the heat of soln. ; F. Martin and L. Metz, 
401 Cals.; M. Berthelot gave KoS30eaq,-f4Br2(soln. in KI)+6H20=3KBr 
+3H2S04+6 HBi+ 74*7 Cals, at 10° ; and for the heat of the reaction with potassium 
hydroxide, 2K2S306aq.+6K0Haq,— K2S203aq.+4:K2S02aq.+3H203+18*5 Cab. 
J. E. Mackenzie and H. Marshall found the indices of refraction for Na-hght to te 
a=:l*4925, jS==l*5646, and y— 1*6014 ; and H. E. Merwin gave for Ught of 
wave-length A, ; 


A . 436 

a . 1-6040 

jS . 1-5806 

7 . 1*621 


486 546 

1-4993 1*4954 

1*6732 1-6673 

1*612 — 


578 684 

1*4941 1-4934 

1*5649 1*6641 

— 1*602 


666 miiiii 
1*4909 1*4903 

1*6607 1*6691 

— 1*696 


H. Hertlein gave for the sp. refraction of the aq. soln. for Na-light, 0*2392 with 
the |u-formula, and 0*1401 with the ft^^formula ; the corresponding mol. refrac- 
tions are 64*69 and 38*15 respectively. V. J. Sihvonen found maxima in the 
ultra-red reflection spectrum at 8*3ju, 10*0/u, 15*lju, 16*5^, and 19*3ju. E. EoU 
observed no fluorescence when the salt is exposed to ultra-violet light. 
H. Hertlein gave for the electrical conductivity, ju, at 25° of soln. with a mol of the 
salt in u litres : 


t? . 32 64 128 256 512 1024 

p, . 114*4 121-0 129*0 133*7 137*9 140*8 

According to C. Langlois, and F. Kessler, the salt has a bitter taste ; it is stable 
in air ; and has a neutral reaction. It is readily soluble in water, and the sola, 
decomposes the more rapidly the higher the temp. H. Debus said that when the 
soln. is allowed to stand for a long time, it forms sulphate, sulphurous acid, and 
sulphur, and the latter, in statu nascend% unites with the undecomposed trithionate, 
forming tetrathionate and pentathionate. 

J. E. Mackenzie and H. Marshall prepared rubidium trithionate, Rb2S306, as 
in the case of the potassium salt, but using 20 grms. of rubidium persulphate, 33 
grms. of strontium thiosulphate, and 40-50 c*c. of water. Rubidium trithionate 
is more soluble than the potassium salt. The crystal of the two salts are isomor- 
phous. The long prismatic crystals axe rhombic bipyramids with the axial ratios 
a :h: c=0*7058 : 1 : 0-4176, with the optic axial angle 2F==62° 331 The optical 
characters are similar. The sp. gr, is 2*843 to 2*847 — average 2*845 — and the mol 
voL 127*7. The indices of refraction are' a=l*4874, jS==l*6580, and y^l*5867. 
Caesium trithionate, Cs2S30e.H20, was obtained from 32 grms. of csesium pex- 
sulphalje, 45 grms. of strontium thiosulphate, and 60 c.c. of water. The crysto 
belong to the triclinic system, but they could not be measured satisfacto^ 
owing to their rapid efflorescence. The sp. gr. is 3*189 to 3*196 — average 3*1^^ 
— and the mol. voL 149*1. By slowly cooling a hot alcoholic soln. from 50 , tiie 
anhydrous salt was obtained. The crystals were not well-developed. The sp. ^* 
is 3*326. 
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C* Langlois found tliat copper tritMonate is soluble in water and veiv unstable 
— Vi<le supra — decomposing in solii. with tiie precipitation of copper sulpnide. 
G. T. 3Iorgaii and F. H. Burstail found tkat tke salt can be staoilized'by unioii vrltli 
etkyienediaiiiiiie , and they prepared copper bisetliyleroediamiiiotritMoEates 
[Cu en^lSsOg, by adding an aq. soln. of 7*1 grms. of sodium tritMonate to a cold 
soln. of 5-9 grms. of copper acetate, and 3-6 grms. of etkyleuediamine ; and then 
adding an excess of alcokol to tke purple, filtered soln. Tke salt was recrystallized 
from lukewarm water, and dried in a desiccator. Copper bisetkyienedianiino- 
tritkioiiate is quite stable in tke air under normal conditions, but on keating it 
decomposes without melting at 170°-175°. Silver nitrate gives, in tke cold, a wkite 
precipitate, rapidly ])ecoming yellow and finally black ; this decomposition is 
greatly facilitated by warming. Barium chloride has no action in the cold, but on 
heating a white precipitate is formed. Sodium hydroxide causes tke purple aq. 
soln. to become blue, whereas dil. acids discharge tke intense colour, with deposition 
of copper sulphide. C. Langlois observed that wMle trithionic acid does not give 
a precipitate with ainmoniacal silver nitrate, a soln. of a trithionate. when treated 
\vith silver nitrate, gives a yellowish- white precipitate of silver tritMonate which 
rapidly decomposes into silver sulphate and sulphide. Calcitim tritMonate, and 
strontium tritMonate have been obtained only in aq. soln. C. Langlois prepared 
barium tritMonate, BaS306.2H20, by the action of baryta-water on trithoiiic acid ; 
F. Kessler, by saturating trithionic acid wuth barium carbonate, and precipitating 
with alcohol ; and W. Spring, by the action of sulphur monochloride on barium 
sulphite. The tabular crystals are soluble in water, and the soln. quickly decom- 
poses with the separation of barium sulphate. Magnesium tritMonate has been 
obtained only in aq. soln. M. J. Fordos and A. Gelis obtained zinc tritMonate 
among the products remaining on evaporating a soln. of zinc tMosulphate. The 
soln. of zinc trithionate readily decomposes on evaporation into sulphur, sulphur 
dioxide, zinc sulphide, and sulphate, W. E. Henderson and H. B. Weiser said that 
the soln. decomposes when evaporated in vacuo at 40®. Mercurous tritMonate and 
mercuric tritMonate are sparingly soluble but rapidly decompose — vide supra. 
F, Kessler represented tke action of heat on mercuric tritMonate : HgSsOs 
=HgS+2S03 ; aluminium tritMonate has been obtained only in aq. soln. 
E. J. Bevan prepared tballium tritMonate, TI2S3O6, by evaporating a soln. of tkallous 
carbonate in trithionic acid. The colourless, acicular crystals are isomorphous with 
those of the potassium salt. They decompose slowly at ordinary temp., rapidly 
when heated ; and on this account it is difficult to prepare the salt free horn sulphate. 
C. Langlois obtained lead tritMonate, PbSaOg, from an aq. soln. of trithionic acid 
and a lead salt. E. Kessler also prepared tMs salt. When dried in vacuo, J. Fogh 
said that the saU is anhydrous, and he obtained it by allowing a mixture of sat. 
soln. of lead acetate and sodium trithionate to stand for several days in a closed 
flask. He also said that it is formed when lead tMosulphate is boiled with water, 
2PbS203=BbS4-PbS306, but W. H. Perkins and' A. T. Bang said that there is no 
Justification for this statement. C. Langlois obtained lead tritMonate as a white 
precipitate which becomes black when heated. J. Fogh said that the acicular 
crystals are stable at ordinary temp., but when heated give oS sulphur dioxide. 
Tke keat of formation is 285*2 Cals. ; and the heat of soln., — 5 Cals. G. Chancel 
and E. Diacon found that the salt is sparingly soluble in water ; it is also soluble in 
a *soln. of sodium tMosulphate, and, "added A. and L. Lumiere and A. Seyewetz, 
this soln. is very unstable. Uranium tritMonate has been obtained only in aq. soln., 
and a similar remark applies to cobalt tritMonate, and nickel tritMonate. L. Vanino 
and F. Mussgnug were unable to prepare normal bismuth tritMonate, Bi2(S30e)3, 
by the action of sodium trithionate on a bismuth-mannitol soln. 
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$ 4S. Tetrathionic Acid and the Tetrathionates 

In 1842j M. J. Fordos and A. 64Ks,^ in their memoir Sur un nouvel oxacide du 
soufre, said that the hyposulphites (thiosulphates) were en quelque sorte oublies des 
chimistes until M. Daguerre employed sodium thiosulphate in his work on photo- 
graphy. This stimulated interest in this salt. They tried to analyze the ^It hy 
treating its aq. soln. with chlorine so as to transform the sulphur into sulphuric acid, 
but the deposit of sulphur which was obtained was very difficult to separate hy 
filtration. They then tried iodine, expecting that, as in the case of sulphites, the 
sulphur would be oxidized to sulphuric acid and the iodine reduced to hydriodic 
acid ; but the result was different. With iodine and a soln. of barium thiosulphate, 
no barium sulphate was precipitated and a clear soln. was obtained- They there- 
fore investigated cette reaction curieuse. A soln. of sodium thiosulphate was trea^d 
with iodine ; much iodine was absorbed, without producing any deposit or changing 
the colour of the liquid. When the soln. was saturated with iodine, any further 
addition produced a yellow coloration. The liquid then contained no sulphate, 
sulphuric acid, or any substance capable of giving a precipitate with a barium salt. 
The water was not deconaposed, and no acid was formed, for the liquid was neutral 
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before and after the operation ; it was without odour, and this would not have been 
the case if it contained sulphurous acid. Commercial sodium thiosulphate absorbs 
about half its weight of iodine. The crystals contain 5 eq. of water, so that 
1 gnn. of the salt contains 0*638 grm. of anhydrous thiosulphate ; and 1 mol 
of the salt absorbs a gram-atom of iodine. The iodine is present in the suln. as 
iodide, for the liquid gives all the reactions characteristic of the iodides. Since no 
sulphuric or sulphurous acid is formed during the action of iodine on the tMosuiphate, 
and no precipitation of sulphur occurs, it is natural to assume that the iodine removes 
from the thiosulphate half its combined sodium and the residues combine together 
in pairs, forming the sodium salt of a new acid, H 2 S 40@5 analogous to C. Langlois' 
Tacide sulfhyposulfurique, H2S3O3, but richer in suiphux. The reaction is repre- 
sented by the equation 2]Sra2S203+Io=2NaI-}~Na2S405. 

M. J. Fordos and A. Gelis precipitated a cone. soin. of sodium thiosulphate with 
barium acetate, and washed the product with dil. alcohol ; they stirred up the 
product with water, and added iodine in small quantities at a time so as to form a 
sola, of barium iodide and tetrathionate. Barium iodide was washed from the 
crystallized product by means of alcohol. The resulting barium tetrathionate was 
treated with sulphuric acid (1 ; 4 ) in the cold. The filtered liquid was evaporated 
in vacuo over sulphuric acid. F. Kessler added that the soln. of the acid so obtained 
is not quite pure since in the presence of strong bases, it is resolved into trithionic 
acid and sulphilr. He treated lead thiosulphate with iodine, and fidtered ofi* the 
lead iodide ; he then precipitated the lead from the lead tetrathionate soln. by 
sulphuric acid; and ^aliy removed the sulphuric acid by barium carbonate. 
The filtered liquid was then evaporated on a water-bath. The lead cannot be 
precipitated by hydrogen sulphide because tetiathionic acid is decomposed by that 
gas. H. Debus obtained soln. of the acid by treating the potassium salt with the 
calculated quantity of tartaric acid, and, after two days, filtering the liquid. 

Tetrathionio acid exists only in aq. soln. ; neither tetrathionio acid, H2S4O6, 
nor ieiratMonic anhydride, S4O5, has been prepared. The aq. soln. has about the 
same stability as dithionic acid. M. J. Fordos and A. Gelis said that the dil. 
aq. soln. can be boiled without decomposition, but the cone. soln. decomposes into 
sifiphur, sulphur dioxide, and sulphuric acid. F. Kessler said that the acid is not 
decomposed by boiling, and added that M. J. Fordos and A. Gelis’s product probably 
contained sulphuric acid. H. Hertlein said that tetrathionic acid is ziendich 
unhestandig, H. Debus showed that an aq. soln. of potassium tetrathionate at 18 ° 
slowly decomposes into the pentathionate and trithionate, sulphurous acid, and 
potassium sulphate. The first action is symbolized: 2K2S40^=K2S506+Kl2S306> 
and, as previously indicated, the trithionate decomposes : 3K2^06=2K2S04 
+2S02+2[2S506- The crystals of the potassium salt smelt of sulphur dioxide 
after being kept in a closed bottle for some time ; the decomposition is produced 
by water enclosed in cracks and fissures in the crystals ; the thoroughly dried salt 
can be kept without the slightest change. A. Kurtenacker and M. Kaufanann said 
that, as indicated by H. Debus, potassium tetrathionate, in soln., forms a mixture 
of tliionates, resembling that with the pentathionates. They get the necessa^ 
sulphur when the tetrathionate forms trithionate : S406''^=Ss0/'4-S- H. Hertlein 
said that potassium tetrathionate is relatively stable in aq. soln. ; while the barium 
salt is unstable. T. Curtius found that an aq. soln. of barium tetrathionate decom- 
poses into barium thiosulphate, thiosulphuiic acid, and o^gen, and these com- 
pounds subsequently decompose into sulphur, sulphur dioxide, and sulphate ; and 
if the soln. of barium tetrathionate is treated with alcohol the tMosuiphate is formed 
— G. A. Lenoir regarded the precipitate as barium pentathionate. G. Chancel and 

E. Diacon added that copper tetratMonate decomposes slowly at ordinary temp., 
forming the sulpMde ; the change is rapid at a higher temp. 

The iodine process was used by A. Schwicker, N. von Klobukoff, H. Hertlein, 

F. Kessler, etc. A. Sander showed that the presence of tMosuiphate accelerates the 
decomposition of the tetratMonate, not, as suggested by W. Feld, by the reaction 
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Na2S406H-2Na2S203™5S+3Nas>S04, but rather by a purely catalytic effect. 
Potas.siaiii tetrafcliionate of a high degree of purity can be obtained as follows : 

To a cooled soin. of 26 gnus, of lodino in alcohol is added, drop by drop, a sat, soln. in 
water of 50 grms. of sodium thiosulphate or 39*5 grins, of potassium thiosulphate. Tho 
tetrathionate, which separates out as it is formed, is collected, and washed with alcohol until 
it is free from iodine and iodide, dissolved in a little water, and again precipitated hv 
alcohol. After drying over sulphuric acid, it can be kept for many months without 
undergoing decomposition. 

As indicated in connection with thiosulphates, the cyanogen halides form some 
tetrathionate. As indicated in connection with the thiosulphates, other oxidizing 
agents produce some tetrathionate ; thus, M. J'. Fordos and A. Gelis, and F. Dienert 
and F. AVandenbulcke, and 6, Lunge observed that this occurs with hypochlorites— 
vidc^ suyni, the thiosulphates, and trithionates ; M. J. Fordos and A. Gehs, with 
chlorates ; E. Sonstadt, with iodates : 6Na2S2O3+KlO3~f“6HCl=3]Sra2S406 

'PKI+GNaCl+dHoO ; A, Benrath and K. Ruland, ceric sulphate; M. J. Fordos 
and A. Gelis, ferric salts: 2Na2S203+2FeCl3=2NaCl+2FeCi2+Na2S406 — J. Scherer 
added that in ^varm or in acidic soln. some sulphate is formed ; G. Chancel and 
E. Diacon, barium or lead dioxide : 2PbS203+Pb02+2H2S04~PhS406+2PhS04 
-I-2H2O3 and A. Na])l, hydrogen dioxide : 2Na2S203+H202==NaoS405+2Na0H, 
provided that the sodium hydroxide is neutralized as it is formed, otherwise the 
alkali hydroxide decomposes the tetrathionate into thiosulphate, sulphate, and 
sulphite. E. Willstatter studied this reaction — vide swpm ; M. J. Fordos and 
A. Gelis, and G. Chancel and E. Diacon observed that the reduction of cupric to 
cuprous salts is accompanied by the oxidation of thiosulphate to tetrathionate, 

0. F. Eaminelsbcrg observed that this occurs with j)otassiuni thiosulphate, and 
E, ZettnotT, with sodium thiosulpliate. J. J, van Eenesse represented the reaction : 
2CuS04+3Na2S203=Cu2S203d-Na2S406+2Na2S04. G . Yortmann stated that 
sulphuric acid is not produced, although M. Biewert, and F. Kessel reported that it 
is formed. G. Yortmann observed the formation of the complex salt which C. and 
]. Bhaduri said decomposes : 3Cu2S2O3.2Na2S2O3.8H2O— 3Cu2S+2iSra2S04+H2S04 
4-'2B"i--2S02+7H20. H. Bassett and E. G. Durrant said that the ^formation 
of the complex salt and tetrathionate agrees with 2CiiCl24“4:Na2S203+H20 
— Na2S203.Cu2S203.Ii20-FNa2S40c-f^NaCl, in which no sulphuric acid is formed. 
Any sulphuric acid found by M. Sievert, and F. Kessel is attributed to the partial 
decomposition of one of the complex salts ; and J. J. van Eenesse indicated that 
cuprous thiosulphate is produced, but if so, it must be very unstable. _F. Baschig 
obtained potassium tetrathionate by oxidizing the thiosulphate with copper 
sulphate: 3Na2S203+2CuS04=Cu2S203+2Na2S04+Na2S406. and then treating 
the product with potassium acetate. The potassium tetrathionate is then washed 
with alcohol. H. Marshall observed that thiosulphates are oxidized to tetrathionates 
by persulphates : 2SrS203+K2S20s=2SrS04+K2S406— owing to the sparing 

solubility of barium thiosulphate, J. E. Mackenzie and H. Marshall found it 
better to use the more soluble strontium salt ; J. F. Norris and H. Fay, selenium 
dioxide, 4Na2S203+Se02=2Na2S406+Se+2Na20 ; H. Bassett and E. G. Durrant 
methylene-blue in strongly acid soln. ; and H. Debus, W. Feld, F. Easchig, and 
A, Villiers, the passage of sulphur dioxide, wrhen tri- and penta-thionates are also 
formed. G. Yortmann observed that tetrathionate is formed when arsenic tiiome, 
antimony trichloride, or stannous or stannic chloride is allowed to act on sodim 
thiosulphate : A8203+9Na2S203— As2S5+3Na2S406 + 3802+^^20. W . Springlike- 
wise said that tetrathionate" is formed when sulphur dichloride or sulphur i^^no- 
cMoride acts on potassium thiosulphate ; and H. Debus, by the action of sulphur 
dioxide and water on sulphur monochloride — ^there are formed at the same tiM 
hydrochloric, sulphuric, and pentatHonic acids, and sulphur. W. Spring addw 
that trithionate not tetrathionate is formed by the action of sulphur monochiori e 
on potassium sulphite. P. Pierron obtained tetrathionate as a product of we 
anodic oxidation of sodium thiosulphate ; F. J. Faktor also obtained it in ® 
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electrolysis of sodium tMo sulphate ; and C. J. Thatcher, by the eiectroivvi,- < d 
aeutrafsohi. tvith bet^reen —0*75 and —0*95 volt. 

The formation of tetrathionic acid in the action of hydrogen sulphide on 
sulphurous acid has been discussed in connection ^vith the poTythionates, and 
Wachenroder’s liquid (q.v,). W. Spring represented the reaction BOo— 2Hr.S 
=2H20-h3S; SOs+HsO+S^HoSoOs; S02+2HoS203=H2S02d-H2S4bs. lie 
said that tetrathionic acid can be formed by the action of sulphur dioxide on flowers 
of sulphur ; he thought that the indigo-hlue colour which may appear indicates 
the formation of hyposulphurous acid which he symbolized H 2 SO 2 . The blue 
colour, of course, may indicate colloidal sulphur. H. Debus added that only when 
ui statu nascendi will sulphur react with sulphur dioxide. T. Curtius and F. Henkel 
agitated Wackenroder’s liquid with an excess of barium carbonate, and droj^ped the 
iiquid, before it began to decompose, into absolute alcohol — each drop gave a 
crystalline precipitate of barium tetrathionate which could be dissolved in a little 
water, and again precipitated by alcohol. V. Lewes added enough baryta-water 
to Wackenroder’s liquid to neutrHize about one-half ; and next day filtered off the 
sulphur, and the barium sulphate. When evapora-^-ed in vacuo, sulphur separates 
out, and in about three weeks, barium tetrathionate appears. The mother-hquor 
furnishes the pentathionate. The tetrathionate so prepared is identical with that 
obtained from the thiosulphate and iodine. T. Curtius said that barium carbonate 
decomposes the pentathionic acid in Wackairoder’s liquid into the tetrathionate : 
H2S506+BaC03=BaS406+C02+H20+S. According to W. Spring, the addition 
of alcohol to a soln. of barium tetrathionate yields a precipitate not -wholly soluble 
in water. This insoluble portion is stated by T. Curtius to be barium thiosulphate. 
The salts prepared by Y. Lewes's process are said to he of variable composition, and 
T. Curtius obtained well-formed salts, by evaporating down the half-neutralized 
soln., with carbonates of the weak bases, such as zinc, and filtering off the sulphur 
and excess of carbonate. By this means, an acid liquid is produced, which, when 
heated in small quantities in a test-tube, explodes, yielding sulphur, zinc sulphide, 
sulphurous acid, and hydrogen sulphide ; if, however, the soln. is slowly evaporated 
at a low temp., the whole solidifies on cooling to a crystalline mass consisting of non- 
delxquescent crystals. The zinc sAt is soluble in water ; the didymium compound 
forms hard, sandy, transparent, rose-coloured crystals, of acid reaction, soluble in 
water, but precipitated from soln. as a red powder by alcohol. The manganese 
salt is pale red, soluble in water, and deliquescent. All the salts can be preserved 
unaltered, but at 100"^ sulphur is separated, as also are sulphurous acid and hydrogen 
sulphide. Y. Lewes's compounds, when decomposed, do net produce hydrogen 
.sulphide, and therefore they cannot be identical with those obtained by T. Curtius. 
W. Spring said that tetrathionic acid is formed in the reaction between sulphur 
dioxide and hydrogen disulphide and at the same time sulphur and hyposulphurous 
acid are formed. According to Gr. Chancel and E. Diacon, tetrathionic acid is formed 
when lead dioxide is warmed with pentathionic acid : 4H2S50g-f 5Pb02=5PhS406 
-h4H20 ; and it is formed in the spontaneous decomposition of pentathionic acid. 

The aq. soln. of tetrathionic acid is colourless and without taste or smell. 
J. Thomsen gave for the heat of formation (4S,60,H2Aq.)— 273*32 Cals. ; 
(4S,50,Aq.)=204*96 Cals. ; (2802,0,28, 4q.) =62*82 Cals, ; (3802,0,82, Aq.) =47*42 
Cals. ; (2S202Aq.,0) =53*489 Cals. ; and M. Berthelot gave (48, 50,H20Aq.) =205*2 
Cals. J. Thomsen gave 27 *07 Cals, for the heat of neutralization. W. Ostwald found 
tbe mol. conductivity for soln. with a mol of the acid in v litres of water at 25° : 

t? . 16 64 256 1024 4096 8192 

fi . 165*4 174*0 181*6 186*1 188*6 187*2 

The result is said to be above the maximum characteristic of dibasic acids — pro- 
bably owing to decomposition. H. Hertlein gave for the eq. conductivity in mercury 
units at 25° : 

V . 43*18 86*30 172*72 345*44 600*88 1381*76 

^ . 361*6 371-3 380*2 390*0 400*0 406*6 
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Tlie acid had not a Tery high degree of purity, the ionization is 92 per cent., so that 
the acid is stronger than dithionic acid. I. M. Kolthoff said that tetrathionic acid 
is one of the strongest of the dibasic acids. M. Rudolphi calculated values fox tie 
degree of ionization on the assumption that the acid is monobasic. K, Jellinek 
found that the failure of the mass law prevented him calculating the ionizatioa 
constants of this acid. H. Hertlein found that the transport number for the ardoa 
is 674 at 25 *". 

F. Calzolari said that tetrathionic acid, HO.SO2.S.S.SO2.OH, and persulphuiic 
acid, HO.SO2-O.O.SO2.OH, possess a similar structure, and exhibit various analogies 
— e.g. the tetrathio nates furnish compounds with ammonia, pyridine, and hexa- 
methylenetetramine which are similar in external form, composition, and solubility 
with those furnished by the persulphates. T. S. Price and D. P. Twiss also 
emphasized the relationship between the persulphates and tetrathionates. 
W, Petzold found that the tetrathionates are the most stable of the polythionates 
when heated, and in a(p. soln., the tetrathionates slowly decompose into tritMonate 
and sulphur ; and there is a state of equilibrium between the trithionates and penta- 
thionates : corresponding with the greater stability of the 

tetrathionates. C. J. Thatcher observed that the tetrathionates are reduced by 
hydrogen in neutral or alkaline soln., with or without the presence of platimun, 
forming thiosulphate. 

P. Porster and A. Hornig, and A. Kurtenacker and M. Kauimann studied the 
liydrolysis of trithionic acid {q-v.), and of tetrathionic and pentathionio acids. 
According to H. Bassett and R, G. Durrant, trithionic acid is always formed 
when tetrathionic and pentathionio acids are hydrolyzed. This occurs by direct 
decomposition : HoS506:?:^H2S406+S, and possibly 

2^2^506^^^28305 +S2, or else by the intervention of sulphurous and thios^phuric 
acids, which are products of the hydrolyses of trithionic acid : H2S40e+H2803 
^H2S306”[-Pl28203 j H2S50(3“|~H2S03^H2S40g-f~H2S203 j and H2S03-]-S^iB[2S203. 
It is probable that the decompositions of tetrathionic and pentatMonic acids are 
bimolecular so that the reactions are symbolized : 2B[2S5065 f^ 2H2S405+S2, and 
2H2S406^2H2S306+S2. The final products of the hydrolysis of trithionic, 
tetrathionic, and pentatlhonic acids are sulphuric acid, sulphur dioxide, and sulphur 
with a small quantity of hydrogen sulphide in the intermediate stages as noted by 
P. Kessler. The hydrolyses in alkaline soln. axe'symboUzed by A. Kurtenacker 
and M. Kaufmann: 2H2S3O6 + SHsO ^ H2S2O3 + 4H2SO3 ; 2H2S4O6 + 3H2O 
^3H2S203-}-2 iH2S03 I and 2H2S50g-{-^H20^F^5H2S203. In the case of tetra- 
and penta-thionates, the tri- and tetra-thionates are formed to some extent as 
intermediate steps, and in absence of sndBBLcient hydroxyl-ion cone, some hydrolysis 
of trithionate in the manner characteristic of acid conditions occurs, with consequent 
formation of sulphate. The equations just indicated are only summation equations. 
The hydrolysis of tetrathionic and pentathionio acids can he explained in a similar 
way to that of trithionic acid iq,v.) . The fact, observed by F. Raschig, that when 
pentathionate is treated with sodium carbonate it loses one atom of sulphur to f6rm 
tetrathionate, not two atoms to form trithionate, suggests that in alkaline soln. 
the tetrathionate has the straight-chain structure, although it would seem to pass 
readily into the other form, 0H.S02.S(S).S02.0H, since sulphite converts it into 
trithionate. Hydrolysis of the straight-chain form would yield one mol. of tMo- 
sulphate and one mol. of thiopermonosulphuric acid, which would then give rise to 
thiosulphate and sulphite, as already in^cated. Complete alkaline hydrolysis of 
tetrathionate would thus take place in accordance with the equation : 2H2S4O6 
4"^H20=3H2S203+2H2S03. The sulphur dropped by pentathionio acid : H^SgOg 
in forming tetrathionic acid suffices to convert a moL of sulphite into 
thiosulphate, so that in this case complete alkaline hydrolysis yields nothing hut 
thiosulphate : 2H2S505+3H20:#5H2S203. In the acid hydrolysis of pentathiome 
acid, if the hydroxyl group becomes attached to the central sulphur atom, as in 
the case of trithionic acid, the first step would furnish dithiodithionic aaa: 
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E[0.S02*S( : S2).S02-0H+H20— H.S02-0H-*-H0.S( : S2).S02.0H (ditbioditMonic 
acid) ; this would be unstable and might break up into sulphur and thiopermono- 
sulphuric acid which would then react as indicated in connection with trithionic 
acid. It is possible that HO S( .S).S02-OH is formed as an intermediate compoimd 
by the acid hydrolysis of the asymmetrical form of tetrathionio acid, 
H0.S02.S(.S).S02.0H 

A. Sander represented the reaction with hydrogen dioxide : XasS^Oe-r 
4-6Na0H=4Na2S04-f"l^Il20 J and A. Longi and L. Bonavia found that the 
tetrathionates are immediately and completely oxidized by sodium dioxide. 

G. Chancel and E. Diacon observed that lead dioxide has no action on tetrathionic 
acid. Oxidizing agents like cMorine transform the acid into sulphate. H. Debus 
said that bromine water gradually added to a tetrathionate soln. results in the 
separation of sulphur : K2S406-(~2H20+Br2=2KEr+2H2S044-2S ; the sulphur 
dissolves in the liquid during stirring, forming penta- and hexa-thionates. 
M. Bertheiot gave for the heat of oxidation (Na2S4Oe.TBr2Aq.)=271-0 Cals. The 
tetrathionates are oxidized by hypochlorons acid. M. J. Eordos and A, Gelis, and 

H. Hertlein found that hydrocMoric acid does not decompose the acid, but makes 
it more stable ; but if the mixture be warmed, E. Kessler said that hydrogen 
sulphide is given off. G. S. Jamieson represented the reaction with iodates : 
2Ka2S406+7KI03+10HCl=4:H2S04+2Na2S04 + 2K2SO4 + 7IC1 + 3KC1 + H.O. 
F. Calzolari represented the reaction with bromates: *HBr03+H2S406+3B[20=HBr 
-f 3H2SO4+H2S. The reaction was also studied by F. Fischer and W. F. Tschudin. 

According to H. Debus, siilpliur, in statu nascendi, converts the tetrathionates 
into pentathionates, for instance, potassium tetrathionate in the presence of sulphuric 
acid, is converted by hydrogen sulphide into pentathionate. V. Lewes found that 
thiosulphate is produced by the action of hydrogen sulphide on a soln. of potassium 
tetrathionate : K2S406+3Il2S=K2S203“f-3H20+5S, and this reduction is assumed 
to occur in two stages : K2S406+H2S=K2S203+H2S20s+S, and H2S2O3+2H2S 
=3H20+4S. H. Debus found that when an aq. soln. of tetrathionic acid was 
treated repeatedly with hydrogen sulphide, sulphur and pentathionic acid 
were formed ; H2S40e+5H2S==6H20+9S, and some of the sulpjhur uniting with 
the undecomposed tetrathionic acid forms pentathionic acid ; but if the treatment 
with hydrogen sulphide be continued long enough, only water and sulphur are 
formed. W. Petzold represented the reaction : 2H‘+S306^'+H2S =28203'^ 

Freshly precipitated lead sulphide was found by F. Kessler to react 
with tetrathionic acid, forming sulphur dioxide. G. Chancel and E. Diacon, and 
W. Smith and T. Takamatsu said that poiassitxm sulphide reacts witha tetrathionate, 
forming thiosulphate : K2S40e+K2S=2K2S203+S. H. Debus found that tetra- 
thionic acid is reduced by sulphur dioxide, forming sulphur and trithionic acid. The 
sulphur produces thiosulphuric acid which, instead of precipitating sulphur during 
standing or evaporation of the sulphuric acid, gives half its sulphur to the trithionic 
acid or the undecomposed tetrathionic acid so as to form tetrathionic and penta- 
thionic acids. W. Spring also observed that tetrathionates are reduced to 
trithionates by sulphur dioxide — vide infra, the action of sulphur dioxide and 
sulphites on the pentathionic acid. - W. Petzold, W. Feld, F. Overdick, and F. For- 
ster and K. Centner represented the reaction : S40e''+S03'^^S^06^'+S203'^ 

J. E. Mackenzie and H. Marshall found that a pure soln. of potassium tetrathionate 
decomposes only slowly, with the deposition of sulphur ; the deposition of sulphur 
takes place more rapidly if a small quantity of thiosulphate, or of sulphurous acid, 
is added to the soln., and still more rapidly if both substances are added. The 
explanation of this is to be foimd in the observations made by A. Colefax, that 
sulphite removes sulphur from tetrathionate with formation of thiosulphate and 
trithionate : M2S40e+M2S03^M2S203+M2S306. In a soln. which, in addition 
to the above, contains free sulphurous acid, the action expressed in the following 
equation will take place : M2S203+H2S03:?^M2S03-1-H2S203. This is not a stable 
equilibrium, however, since the sulphite wiU'take up more sulphur from the tetra- 
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tliioiiate, and the tliiosulphuric acid will decompose 'with deposition of sulphur and 
regeneration of sulphurous acid. The presence of thiosulphate and sulphurous acid 
together in the soln. will therefore greatly accelerate the decomposition of the tetra- 
thionate in the direction of forming trithionate and liberating sulphur. In view of 
this fact, it is evident that a slight excess of persulphate must he used in the prepara- 
tion of the tetrathionate. On the other hand, b}’- using an excess of thiosnlphate 
a satisfactory yield of trithionate may be obtained. Si. J. Fordos and A. Gelis, 
and H. Hertlein observed that sulphuric acid does not decompose tetrathionic 
acid, bnt rather makes it more stable. F. Easchig found that an acidified sola, of 
sodium thiosulphate converts the tetrathionates into pentathionates. According to 
A. Gutmann, hydroxylamine in acidic soln. oxidizes the sulphite residue in tetra- 
thioiiic acid to sulphuric acid, and is itself reduced to ammonia, H2S4OQ+NH2.OH 
-f-H20=2H2S04-f-2S+NH3. In alkaline soln., on the other hand, the loosely 
comhined oxygen atom of tlie tetrathionate oxidizes hydroxylamine to nitrous 
or nitric acid, Na2S40e+2NH2.0H+3Na0H=2Na2S203+NaN02+3H20-)~NH3. 
The reaction was studied by B. Jirgensons. According to M. J. Fordos and A. Gehs, 
nitric acid oxidizes tetrathionic acid to sulphuric acid with the separation of sulphur. 
A. Gutmann showed that in alkaline soln., sodium arsenite reacts with sodium 
tetrathionate : 3]Sra3As03 + Na2S4O6-h2NaOH=2Na2SO3+^Na3AsSO3+Na3As04 
-f H2O. The reaction was also discussed by T. S. Price and B. F. Twiss, and hy 
J. E. Mackenzie and H. Marshall — vide supra, polythionic acids. The reaction 
between tetrathionates and potassium cyanide in alkaline soln., unlike the case 
with ditliionates, is symbolized : Na2S40e + 2KCy + 2NaOII=2KCyS -|- Na2S04 
-fNa2S03-l-H20. A. Kurtenacker gaveNa2S4O0+2NaCy+H2O=NaCyS-f Na3S04 
-j-2HCy+Na2S203. F, Ishikawa studied the kinetics of the reaction. A. Kurte- 
nacker and A. Fritsch added that the reaction proceeds primarily according 
to this equation with the formation of thiosulphate. In presence of excess of 
cyanide, the thiosulphate can react further, with formation of sulphite and thio- 
cyanate. This reaction, however, does not take place in dil. s An. at the ordinary 
temp., and only slowly and incompletely at the b.p. It becomes quantitative in 
cone. soln. only after long heating. In alkaline soln. some sulphite, as well as* 
thiosulijhate, is formed. F. Ishikawa found the velocity of the reaction : 
S406'''-hCy-hH20=CyS^-l-S04""f-S203'^4-2H* in neutral soln. can he represented 
by dxldi^Jc> 2 {ci— 3 x){b--x) because the other reaction is instantaneous. Here 
a denotes the initial cono. of the potassium cyanide ; h, that of the tetrathionate ; 
and X, the number of mols of tetrathionate which have been transformed at 
the time t. E. Weitz and F. Achterberg obtained salts with benzidine. 

W. Spring found that sodium amalgam converts potassium tetrathionate into the 
double thiosulphate : K2S40(i+2Na=2NaKS203 ; and V. Lewes, that potassium 
amalgam forms thiosulphate and, if the soln. be strongly alkaline, potassium sul- 
phide. According to M. J. Fordos and A. Gelis, an excess of potassium hydroxide 
decomposes a tetrathionate into thiosulphate and sulphite, without the formation 
of sulphuric acid or sulphur: 2K2S4O6+6KOH=3K2S2O3+2K2SO3+3H20. 
Hence, as emphasized by R, M. Chapin, when sodium tetrathionate, produced in 
iodine titrations, is allowed to remain in the presence of alkalies or alkaline salts, 
it is partly converted into sodium thiosulphate and sodium sulphite, thus intro- 
ducing the possibility of an error in the estimations. While M. J. Fordos and 
A. Gelis's equation represents the reaction with dil. alkali-lye— say 15 per cent. soln. 
of sodium, potassium, calcium, strontium, or barium hydroxide — A. Gutmann found 
that with cone. soln. ( 1 : 1 ), there is a side reaction: 3Na2S40a4-12NaOH 
=3Na2S203-4-5Na2S03+Na2S+bH20, in which traces of sulphide, sulphite, and 
thiosulphate — ^but not sulphate — are formed. V. Lewes confirmed these con- 
clusions, but W. Smith and T. Takamatsu said that purified tetrathionic acid is not 
decomposed hy the alkali-lye, G. J. Thatcher represented the action of cold, dil. 
alkali-lye at room temp, by 4S4O0^'-|-6OH'=5S2O3'''+2S3O0'''-|-3H2O, and this is 
in agreement with the observations of A. Kurtenacker and M. Kaufmann. The 
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equation just indicated is in agreement with the observations of E. H. Riesenfeid 
and G. Feld with boiling alkali~lye. M. Bertheiot found that the formation of 
thiosulphate and sulphite occurs vnth the evolution of heat ; C. J. Tiiatcher also 
observed that sodium tetrathionate is hydrolyzed in alkaline soin. forming thio- 
sulphate and trithionate. F. Kessler showed that a boiling soln. of potash-lye 
converts the trithionate into thiosulphate, sulphite, and sulphide. A. Gutmann 
said that the action with alkali carbonates is different from what it is with the 
hydroxides, since in addition to thiosulphate, sulphate is formed instead of sul- 
phites 4Ka2S40Q -j-Sbi a2C03=7Ka2S203-i~2Ka2S04~|-6C02; or 48405= TS202T"2S03. 
F. Raschig represented the reaction with sodium carhonate : 4Ka2S405-r4Xa2C03 
=6Ka2S203+Ka2S30g+17a2S04-l-4C02. F. Kessler said that soln. of the metal 
salts — cupric sulphate, mercurous nitrate, mercuric chloride, and silver nitrate — 
behave towards tetrathionic acid like they do towards pentathionic acid {q.i\), 
and when sat. with ammonia, are not decomposed. Ammomacal soln. of silver 
nitrate or mercuric cyanide give no precipitate. G. Chancel and E. Diacon, and 
E. H. Riesenfeld and G. W. Feld said that no copper sulphide is precipitated when 
a soin. of a tetrathionate is boiled with copper sulphate. A. Kurtenacker and 
A. Fritsch found that when a tetrathionate is boiled for half an hour with a soln. 
of copper sulphate, copper sulphide is precipitated: 8406'^ —8305^' +8 — vide 
Table XVIII. W. Feld represented the reaction with mercuric chloride : 
Xa2S406+2HgCl2+2H20=Ka2S04+2HgCi+H2S04+2HCI+2S ; and A. Sander, 
2K2S406+3HgCi2-f4H20=Hg3S2Cl2+4KCl+4H2S04-f2S. M. J. Fordos and 
A. G^lis said that aq. soln. of tetrathionic acid gives a white precipitate with stannous 
chloride. A. Gutmann found that sodium stannite reduces an alkaline soln. of 
tetrathionate to sodium sulphate, forming sodium metastannate and metasulpho- 
stannate. A. Longi and L. Bonavia found that the tetrathionates are oxidized 
slowly ill alkaline soln. by potassium permanganate. W. Wardlaw and 
J. D. Sylvester found that with tervalent moIyMennm salts, sodium tetrathionate 
forms a brown precipitate, possibly with the intermediate formation of molybdenum 
tetrathionate. 

Tetrathionic acid is dibasic, forming salts, tetratMonates, M2'S40ft, which are 
usually fairly soluble in water, and axe precipitated from aq. soln. by alcohol 
H. Marshall prepared ammonium tetrathionate, (NH4)2S40e, f^om barium 
thiosulphate and ammonium persulphate : (NH4)2S2034-2BaS203=2BaS04 

-^“(17114)28406, and the reaction is attended by the development of much heat. 

E. Divers and M. Ogawa said that the action of heat is probably the same as it is 
with ammonium trithionate. J, A. Christiansen obtained p-toluoyl tetrathionate. 

F. Kessler prepared sodium tetrathionate, 17328400, by oxidizing the thiosulphate 
with neutral cupric chloride ; E, Sonstad, with potassium iodate and hydrochloric 
acid ; and N. von Klobukoff triturated a mixture of iodine and sodium tMosulphate 
with the smallest possible quantity of water. The syrupy liquid — ^feebly coloured 
by a slight excess of iodine — was treated with alcohol, and the precipitated 
tetrathionate washed with alcohol. F. Kessler said that if tetrathionic acid be 
neutralized with sodium carbonate, or if lead tetrathionate he so treated, then, 
sodium sulphate, sulphur and sodium sxdphate, and sulphite are formed by the 
decomposition of the tetrathionate. The heat of formation given by J. Thomsen, 
and M. Bertheiot is 375*8 Cals. A. Yilliers said that a diJiydrate, ]N'a2S406.2B[20, 
is obtained from a cold alkaline soln. of sodium thiosulphate and sulphur 
dioxide. M. Bertheiot gave 9*52 Cals, for the heat of soln. at 10 * 5 , F. Kessler, 
and H. Hertlein used the iodine process for preparing potassium tetratMouate, 
K2S4O6. F. Kessler also obtained it as a precipitate by adding tetrathionic acid 
to an alcoholic soln. of potassium acetate. According to C. F. Rammelsberg, 
and A. Fock, the tabular crystals are monoclinic with tbe axial ratios a :h : c 
—0-9285 : 1 : 1*2642, and )S= 78 ° 28 h H. Hertlein found that the sp. gr. is 
2*2962-2*2965, and the mol vol. 131 * 74 ; while for soln. containing 1*519, 3i725, 
7*142, and 13*187 per cent, of the salt, the sp. gr. are, respectively, 1*00950, 
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1*02341, 1*04560, and 1*08671, and tlie mol. -vol. 115*17, 116*76, 117*78, and 119*47. 
F. Martin and L. Metz gave 393 Cals. ; and J. Thomsen, 395*2 Cals, for the heat of 
formation ; and —12*46 Cals, for the heat of soln. H. Hertlein gave for the sp. 
refraction 0*2625 with the jn-formnla, and 0*1543 with the fi^-formula for aq. soln. 
at 20^^ using Na-light. The corresponding values for the mol. refractions are 79*40, 
and 46*68. V. J. Sihvonen found maxima in the ultra-red reflection spectnim at 
8*6p-, 10*ljn, 16*3ft, and 19*4/x. The properties of the salt have been indicated above. 
J. Meyer and H. Eggeling prepared rubidium tetratliionate^ Bb2S4^0^, by the action 
of iodine on the thiosulphate. The salt furnishes pyramidal crystals, which are 
not hygroscopic and are stable. They obtained caesium tetrathiouates CS2S4O6, 
in a similar way. 

G. Chancel and E. Diacon made cuprous tetrathionate, Cu2S40(5.?iH20, by the 
action of cupric sulphate on a soln, of barium tetrathionate. It is decomposed in 
the cold, rapidly when heated, forming cupric sulphide and sulphuric acid. 

F. Kessler could not crystallize cupric tetrathionate, CUS4O6, from its aq, soln. 

G. Chancel and E. Diacon said that it is not so liable to decom])ose as the cuprous 
salt. T. Curtius and F. Henkel neutralized Wackenroder’s liquid with copper 
carbonate, added alcohol, and allowed the oily precipitate to crystallize- If 
Wackenroder^s liquid neutralized with cupric carbonate be mixed with an equal 
vol. of the untreated liquid and evaporated on the water-bath, copper sulphide 
separates out. The clear liquid on evaporation over sulphuric acid furnishes pale 
blue crystals of an acid salt. If the salt be dissolved in alcohol, and precipitated 
by ether, the salt turns yellow and has a composition like an acidic trithionate. 
The aq. soln. of the blue acid salt can be evaporated over sulphuric acid without 
decomposition, but the alcoholic soln. deposits copper sulphide. F. Calzolari 
prepared copper tetrapyridmotetratMonate, CUS4O6.4C5H5N, in fairly stable, dark 
blue, acicular crystals ; and G. T. Morgan and F. H. Burstall, copper bisethylene- 
diamiuotetrathionate, [Cu en2]S40o, in dark purple, rhombic prisms, by carefully 
concentrating and cooling an aq. soln. of 3*4 grUas. of cupric chloride, 2*4 grms. of 
ethylenediamihe, and 6*0 grms. of sodium tetrathionate ; the crystals are dried over 
calcium chloride. The well-defined, prismatic crystals of this complex tetrathionate 
are permanent in air, but on heating at 160® they decompose with blackening. The 
aq. soln. is stable even on boiling ; silver nitrate gives a white precipitate which 
darkens rapidly ; barium chloride has no effect, sodium hydroxide changes the 
colour from purple to blue, and mineral acids discharge it. T. Curtius and F. Henkel 
obtained what they regarded as an acid salt — cupric hydrotetrathionate, Cu{HS40e)2 
— ^in pale blue crystals. Although ammoniacal silver nitrate gives no precipitate 
with tetrathionic acid, M. J. Fordos and A. Gelis obtained a white precipitate with 
silver nitrate. It was thought to he silver tetrathionate, but it became yellow in a 
few seconds, and then turned black. 

F. Kessler prepared strontium tetrathionate, SrS406.6H20, by the methods 
used for the barium salt, but it is less well precipitated by alcohol from its aq. sohi. 
The aq. soln. on evaporation furnishes thin prismatic crystals although much of the 
salt is thereby decomposed into strontium sulphate, sulphur, and sulphur dioxide. 
E. Portillo also found that the hexahydmte^ precipitated by a mixture of alcohol 
and ether, is stable in air, but in vacuo it loses 4H2O, and especially at 40° to 50°. 
The dehydration of the diJiydrate occurs with decomposition at 70°, The sp. gr. 
of the hexa- and di-hydrates are respectively 2*148 and 2*480 at 25°/4°. ^ The mol. 
vol. of the water of crystallization is 13*8. The solubility of the strontium salt is 
less than that of the barium salt at temp, below 27°, and greater at higher temp. 
The solubibties at C°, 18°, and 30° are respectively 20, 26*3, and 39 per cent, by 
weight. The mol. heat of soln. in 1000 mols. of water at 17° is — 11'6 Cals. 
M. J. Fordos and A. Gebs prepared barium tetrathionate, BaS40e.2H20, as 
indicated above. F. Kessler obtained it by adding an eq. quantity of bari^ 
acetate to an aq. soln. of the acid, and precipitated the salt with alcohol. T, 
and E. Henkel obtained it from Wackenroder’s liquid as indicated above ; so did 
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V. Lewes ; while H. Marshall treated hariiini thiosulphate with a persulphate. 
The clear, colourless crystals of the salt are dihydrated — only Y. Lewes regarded 
them as tiihydrated. B. Mathieu-Plessy said that only one mol. of water is retained 
by the salt in vacuo, T. Curtins and F. Henkel added that the salt decomposes at 
100^-110^ ; and M. J. Fordos and A. Geiis, that when heated it decomposes into 
water, sulphur, sulphur dioxide, and barium sulphate, T. Curtins and F. Henkel 
found that the salt is freely soluble in water, but almost insoluble in alcohol — even 
when boiling. Small quantities of the soln. can be rapidly heated to a point where 
on cooling they furnish a crystalline mass, whereas with a slower heating the salt 
decomposes. If the salt is contaminated with thiosulphate it gives a yellow or black 
precipitate with silver nitrate. The salt can be freed from thiosulphate by dis- 
solution in a little water — ^in which the thiosulphate does not dissolve — and pre- 
cipitation of the tetrathionate by alcohol. It. PortiUo saw that the dihydrate is 
rather stable in air ; for it does not lose water at 40° to 50°, hut it decomposes 
above this temp. Aq. soln. are unstable whilst alcoholic soln. are stable at ordinary 
temp. The sp. gr. is 2*777 at 25°/4° ; and the percentage solubilities at 0°, 12*8°, 
and 27*5° are respectively 26*5, 29*8, and 36. The heat of soln. at 17° in 800 
mols. of water is —7 cals. F. Calzolari prepared magnesium bishexametiiyleiie- 
tetraminotetrathionates MgS4O6.2C6H12H4.8H2O, in colourless, transparent prisms, 
stable in air, soluble in water. M. J. Fordos and A. Gelis obtained zinc tetrathio- 
nate, BnS406, only in aq. soln. It was also made by F. Ephraim and E. Bolle, 
who said that zinc triamminoteiratliionate, ZnS406.3HH3, is formed by the 
action of ammonia when in soln., and when dry, the salt has the com- 
position zinc pentamminotetrathionate, ZnS^Oe.SNHa. F, Calzolari prepared 
zinc tetramminotetrathionate, ZnS406.4N]B[3, in transparent, colourless crystals ; 
also zinc tetrapsrridinotetratliionatej ZnS406.4C5H5H’, in colourless, prismatic 
crystals ; and likewise also cadmium tetrapyridinoteteatliionate, CdS406.4C5H5N. 
T. Curtius and F. Henkel prepared the acid zinc salt, zinc hydrotetrathionate, 
Zn(HS406)2, as in the case of the copper salt. The evaporation of the aq. 
soln. furnishes aggregates of small needles, which decompose at 100°. The 
crystals are hygroscopic ; they readily dissolve in water and in alcohol. The 
cone., aq. soln. forms sulphur when treated with alkali-lye in the cold. The salt 
is decomposed by mineral acids. F. Kessler obtained cadmium tetrathionate, 
018406, as a deliquescent mass of crystals from a mixed soln. of lead tetrathionate 
and cadmium sulphate. M. J. Fordos and A. Gelis, and F. Kessler obtained lead 
tetrattdonate, PbS406, from a soln. of lead thiosulphate and iodine ; G. Chancel 
and B. Diacon, by adding sulphuric acid to water with a mixture of lead thio- 
sulphate and dioxide in suspension — A. Ghwala and H. CoUe employed a 
somewhat similar process; G. Chancel and E. Diacon, by the action of lead 
dioxide on a soln. of pentathionic acid; and F.^ Kessler, by the action of a 
soln. of lead acetate on a cone. soln. of tetrathionic acid, followed by the 
addition of alcohol* The salt appears in tabular crystals; the evaporation 
of the aq. soln. in vacuo is attended by the decomposition of some of the salt 
into sulphur, and lead sulphate and thiosulphate. A. and P. Lumihre and 
A. Seyewetz found that the soln. in sodium thiosulphate is unstable. W. Ward- 
law and N. D. Sylvester obtained evidence of the temporary formation of 
molyMenum tetrathionate by the action of sodium tetrathionate on a soln. of 
tervalent molybdenum in 3iV-H2S04, T. Curtius and F. Henkel prepared 
manganese hydrotetrathionate, Mn(HS406)25 by the method employed for the 
cupric salt (q.v.). The aggregates of acicular and tabular crystals are rose-red in 
colour, and, according to T. Curtius, they can be preserved without change, 
but decompose at 100° with the formation of sulphur dioxide, hydrogen sulphide, 
and sulphur. F. Kessler prepared nickel tetrathionate, NiS406, as in the case of 
the cadmium salt. F. Calzolari prepared nickel hexamminotetrathionate, 
NiS406.6HH3, in minute, lilac crystals; nickel tetrapyridmotetratMonate, 
MS4O6.4C5H5N, in blue acicular crystals; cobalt tetopyridinotetratMonate, 
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CoS 406-4C5H5N, in violet-red, microscopic needles ; nickel bishexamethylene- 
diaminotetrathionate, NiS4O6.2C6H12N4.8H2O, in pale green, transparent prisms ; 
and cobalt bishexamethylenediaminetetrathionate, C0S4O6.2C6H12N4.8H2O, in red 
prisms, stable in air and soluble in water. C. Perrier .studied the crystals^of nickel 
bishexametbylenediaminotetratbionate. 
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^ M. PentatMonie Acid and the PentatMoaates 

111 IS-iGj H. W . F. W ackearoder,^ in Ills meraoir : L eljet eiite ii€iie BcLHf€ 
Scliivefels, descr]}»ecl tke proLable formation of pentathionic acM, HrS-Og, as a 
product of tlie action of hydrogen sulphide on sulphurous acid. The resultiiiff 
liquid, afterwards known as T1 ackenrode/s liquid {q.c.), is really sulphuroiis acid 
saturated with hydrogen sulphide. H. "W. F. Wackenroder then placed plates 
of polished copper in the liquid, and renewed them from time to time until they 
were no longer blackened, but retained tbeir polished surface after some hours’ 
immersion in the liquid. The soln. was then supposed to be an aq, soln. of penta- 
thionic acid formed by the reactions 5SO2+5H2S=H2S5O0+4H2O-f 5S. The dil 
soln. of the acid so obtained is clear, colourless, and without smell. F. Kessler 
prepared pentathionic acid by saturating sulphurous acid with hydrogen sulphide ; 
digesting the filtered liquid with freshly prepared barium carbonate to remove the 
sulphuric acid, and evaporating the ffltered liquid on a water-bath to a sp. gr. 
1-25 or 1-30, F. Kessler said that the acid liquid can be evaporated in vacuo to 
a sp. gr. 1*6 at 22"^ ; and H. W. F. Wackenroder said that it can be concentrated 
to a sp. gr. 1‘37 without decomposition. H. Debus added that the soln. so prepared 
is really a mixture of polythionic acids. If a soln. of pentatliionic acid alone is 
required, it can be obtained by treating potassium pentathionate with tartaric 
acid, and after a couple of days filtering off the potassium tartrate. The soln. will 
contain a little tartaric acid. 

C. Ludwig obtained pentathionic acid by the action of sulphurous acid on 
hydrogen persulphide ; and H. Eisler-Beunat, by the action of zinc on sulphurous 
acid. It is possible that in the latter case there is some confusion with 
hyposulphiirous acid G. Chancel and E. Diacon, and G. Vortmann observed 

that pentathionic acid is formed when thiosulphates are decomposed by acids ; 
F. Raschig, by the action of an acidified soln. of thiosnlphate on tetratMonates ; 
J. Persoz, when lead thiosulphate is decomposed by hydrogen sulphide ; W. Smith 
and T. Takamatsu, when lead thiosulphate is decomposed by hydriodic acid and 
iodine: 3PhS203-|-2HI+2l2=H2S50^-f*3Pbl2+S03 — W. Spring said that this 
reaction furnished not pentathionic acid, but a mixture of sulphur, tetrathionic acid, 
sulphuric acid, and sulphur dioxide. T. Salzer found that pentathionic acid is 
formed by adding potassium selenite to a soln. of sodium thiosulphate, and treating 
the product with an excess of hydrochloric acid. G. Vortmann obser\^ed penta- 
thionic acid among the products of the action of arsenic acid on sodium thiosulphate. 
W. Petzold observed that in acidic soln., thiosulphates polymerize to pentathionates 
58203''+ 10H*"^2S5O5^^+4H‘-j-3H2O. H. Bassett and R. G. Durrant found 
that when copper chloride, sulphate or nitrate, is treated with excess of sodium 
thiosulphate in presence of any mineral acid, there is evidence to show that penta- 
tliionic acid is produced and remains in soln. after cuprous sulphide and excess of 
sulphur have been thrown out by boiling. This must be due to interaction between 
sodium tetrathionate, sodium thiosulphate, and the mineral acid : IlNra2S4O0 
+Ka2S203+4:HA'=H2S506+4KaA'+H20+S02- When vapours of . water and 
sulphur are passed through a red-hot tube, E. Gripon observed that some penta- 
thionic acid is formed ; and J. Myers, when steam is passed over molten sulphur ; 
and T. Brugnateili and P. PeUoggio found that when sulphur oxidizes in the presence 
of air and moisture sulphuric acid is first formed, and afterwards pentathionic acid — 
vide supra, sulphur. M. J*. Fordos and A. Gelis, and E. MatMeu-Plessy said 
pentathionic acid . is formed when water acts on sulphur mono- or di- chloride : 
5S2Cl2+6H2O™5S+10HCl+H2S5Og. H. Debus showed that a mixture of tri-, 
tetra-, and penta-thioiiic acid'is formed — vide supra, trithionic acid. J. S. Maclaurin 
found 0*024 per cent, of pentathionic acid in the water from a lake on the summit of 
a volcano on White Island, New Zealand, and added that it may have been missed 
in many analyses because no special search was made for it. 

The salts of pentathionic acid are not so easily prepared. H. W. F. Wacken- 
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roder could not prepare tliem by neutralizing pentatbionic acid with strong bases 
because the acid is decomposed by that treatment ; and F. Kessler obtained only 
a mixture of tetrathionate and sulphur in this way. C. Ludwig divided Wacken- 
roder’s liquid into two equal parts, neutralized one part with potassium carbonate 
and mixed it with the other part. The evaporation of the liquid gave what was 
regarded as a mixture of penta- and tetra-thionates. According to G. A. Lenoir 
crystals of barium pentathionate are produced from the liquid obtained by treating 
Wackenroder’s liquid with barium carbonate by treating it with alcohol, or, accord- 
ing to M. J. Fordos and A. Gelis, with alcoholic ether ; but T. Curtius said that 
if pentathionic acid be neutralized with barium carbonate, and the liquid poured 
into alcohol, barium tetrathionate is formed : BaCO3-l-'H2S5O0=BaS4OQ+ S 
+H2O+CO2. H. Debus said that the product obtained by G. A. Lenoir’s process 
from Wackenroder’s liquid varies in composition with the quantity and con- 
centration of the alcoholic soln. As indicated below, pentathionic acid is decom- 
posed by an excess of alkali-lye. 

As a result of these difficulties in preparing the pentathionates, W. Spring was 
led to question the existence of pentathionic acid as a chemical individual. He 
regarded what was considered to be pentathionic acid as a soln. of sulphur in tetra- 
thionic acid. W. Smith and T. Takamatsu, and V. Lewes tried to demonstrate the 
existence of pentathionic acid in Wackenroder’s liquid, by treating it with mercuric 
cyanide, H2S506H-HgCy2+2H20=2H2S04+HgS4-2HCy+2S, and finding the 
proportions of sulphuric acid, mercuric sulphide, and sulphur in the product. They 
found the molar ratio 2:1:2; tetrathionic acid would give a ratio 2:1:1. M 
H, Debus emphasized, this does not demonstrate the existence of pentathionic acid. 
This was done when V, Lewes prepared and analyzed the solid potassium penta- 
thionate. V. Lewes added to a portion of Wackenroder’s liquid aboxxt half the 
quantity of potassium hydroxide required for complete neutralization ; sulphur 
was precipitated during the operation, and the filtrate on spontaneous evaporation, 
furnished as a first crop crystals of potassium tetrathionate ; this was followed by 
crystals of hydrated potassium pentathionate, which were purified by recrystalliza- 
tion from water acidified with sulphuric acid, which hinders the decomposition which 
occurs when water alone is employed as solvent. If baryta- water be used, the first 
crop of crystals consists of barium tetrathionate ; there follows a mixture of tetra- 
and penta-thionates ; and finally the pentathionate. This was confirmed by 
S. Shaw ; although W. Spring maintained that V, Lewes’s crystals were impure. 
H. Debus avoided the decomposition of the acid by free bases by neutralizing 
Wackenroder’s liquid with acetates. This process is as follows : 

Forty- three c.c. of Wackenroder’s liquid of sp. gx% 1*343 containing about 24 grms. of 
pentathionic acid were mixed with 16*6 grms. of potassium acetate dissolved in the smallest 
quantity of water and acidulated with a few drops of acetic acid. A current of air was 
passed over the surface of the liquid, and in 24 hrs., 26 grms. of a white, crystalline residue 
were obtained. This was pressed between bibulous paper, and dissolved in 60 c.c. of water 
acidulated with one c.c. of sulphuric acid at 40'^. The filtered liquid was allowed to 
evaporate spontaneously, and it furnished 18 grms. of a mixture of potassium tetra and 
penta-thionates — 6*76 grms. of potassium pentathionate were picked from the mixture. 
This and the residue were separately recrystallized from water acidulated with sulphuric 
acid — 2-25 grms. of water and 0*02 grm. of acid were used for each gram of salt. The 
crystals of pentathionate were separated by hand-picking- In this way a yield of 6 gr^. 
of potassium pentathionate and 6*35 grms. of the tetrathionate were obtained of a high 
degree of purity. The pentathionates of other metals were produced by adding their 
acetates to Wackenroder’s liquid in a similar maimer. 

A. Fock and K. ETiiss employed a similar process. F. Baschig obtained the 
acid by the action of hydrochloric acid (200 c.c. of acid of sp. gr. 1-18) at —10° 
on an aq. soln. of sodium thiosulphate (125 grms. of crystals with 150 c.c. of water) 
at —10°, and 2*5 grms. of arsenic trioxide dissolved in the smallest possible quantity 
of sodium hydroxide. Sodium pentathionate gradually separates on conceniroting 
the filtrate at 35°. The filtrate still contains 12 per cent, of sodium pentathionate 
and 60 per cent, of pentathionic acid free from tri- or tetra-thionio acids, and it 
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can be kept 2 montlis witK scarcely any change. The presence of arsenic, antimony, 
or tin salts prevents the separation of sulphur on acidifying soln. of sodium thio- 
sulphate : Na2S203+2HGl— >‘2]lsraCl-)-S02+S ; and with sodiuni hydroarsenite 
instead of 88 per cent., only 13 per cent, was so reduced, while 85 to 90 per cent, 
of pentathionate was formed. It was assumed that in forming pentathionic acid 
from sodium thiosulphate, the latter furnishes the group S : SO2 which polymerizes 
to SioOios so that the dipentathionate, H4S2QO123 is supposed to be formed as an 
intermediate compound — supra, polythionic acid. F. -Raschig prepared the 
potassium salt in an analogous way. H. Hertlein separated the alkali tetra- and 
penta-thionates by treating the crystalline product with a mixture of xylene and 
bromoform of sp. gr, 2*2 — ^the tetrathionate sinks while the pentathionate floats. 

Pentathionic acid is known only in aq. soln., and pentatiiionie anliydliie, S5O5, 
has not been prepared. The aq. soln. is colourless, free from smell, and has a strongly 
acid and hitter taste. The soln., said H. W. F. Wackenroder, can he preserved 
unchanged at ordinary temp., although, according to M. J. Fordos and A. Gelis, 
it gradually decomposes into tetra- and tri-thionic acids and sulphur. The presence 
of acids makes it more stable. When the cone. aq. sohi. is boded, H. W. F. Wacken- 
roder found that the aq. soln. decomposes into hydrogen sulphide and sulphurous 
and sulphuric acids ; and F. Kessler added that only, the cone, acid soln. gives ofi 
sulphur dioxide when boded. For the hydrolysis of pentathionic acid, vide supra, 
tetrathionic acid. According to W. Petzold, the pentathionates decompose when 
heated, forming tetrathionate and sulphur ; and a simdar decomposition occurs in 
aq. soln. There is also a state of equilibrium : S5Oe'"+2S2O3''^2S4O0''+S. H. Debus 
found that the pentathionates are easdy soluble in water, hut insoluble in alcohol. 
The aq. soln. decomposes on keeping with the separation of sulphur. Hydrochloric 
and sulphuric acids retard the decomposition of the aq. soln., and acetic acid favours 
it. A 10 per cent. soln. of potassium pentathionate can he boded for a long time 
without decomposition, but hydrogen sidphide is formed and some sulphur deposited. 
A. Gutmann said that a boiliug aq. soln. of sodium tetrathionate forms sodium 
sulphate, sulphur dioxide, and sidphur, not trithionate and sulphur as stated by 
F. Kessler. W. Smith, and H. Debus noticed that whde pentathiordc acid is fairly 
stable, the salts are unstable. E. H. Eiesenfeld and G. W. Feld attempted to 
explain this by inventing “ the hydrate of SO ’’ theory which is supposed to he 
stable, and to polymerize to produce pentathionic acid. H. Debus assumed an 
analogous S2O2, where 58202=28505, and H2O~|-S5O5=H2S5O0. H. Bassett 
and R. G. Durrant assume that the molecule of pentathionic acid is stable while the 
pentathionic-anion is unstable; and that the salts are unstable because they 
tend to ionize under conditions in which the acid does not ionize. They added that 
any reagent that develops alkalinity immediately precipitates sulphur from 
pentathionic acid (salt formation). Soln. containing pentathionic acid in a slight 
excess of mineral acid slowly decompose in the cold with formation of sulphuric 
acid, deposition of sulphur, and evolution of sulphur dioxide, but in fairly cone, 
mineral acid the soln. may be boiled for several hours without separation of sulphur. 
According to F. Kessler, aq. soln. with 32-1, 41*7, 56*0, and 59*7 per cent. S5O5 have 
a sp, gr. 1-233, 1-320, 1-474:, and 1-506 respectively. H. Debus said that these 
numbers are only approximate. J. Thomsen gave for the heat of formation 
(58,50, Aq.) =133-11 Cals., and M. Berthelot, 215*8 Cals. H. Hertlein gave for 
the transport number, 61-4 at 25"^. 

H. W. F. Wackenroder found that chlorine and liypocbloions acid oxidize 
pentathionic acid to sulphuric acid ; and M. J. Fordos and A. Gelis gave 
BaSgOe+lGHgO-f 10Cl2=BaS04+4S03+20HCL F. Keeler added that when 
cblorine is passed into the liquid, some hydrogen sulphide is given off, and sulphur 
deposited ; while boiling hydrochloric acid liberates some hydrogen sulphide. The 
preserving action of hydrochloric acid has been already indicated. H. Debus 
observed no perceptible change when hydrochloric acid is added to a soln. of potas- 
sium pentathionate. M. Berthelot said that hromine oxidizes pentathionates to 
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milpliates, and tlie lieat develo[)ed (Ko^^OgdOBroafi.) "“4362*6 Cals. H. Debus 
found thiit bromine removes two atoms of siilpliur from peiitathionates and 
tJuit an iodine soln is decolorized by peutatliionic acid in 24 lirs. p. Raschiff 
observ(id that a mixture of potassium chlorate and hydrochloric acid oxidizes 
peutatliionic acid to sulphuric acid. According to H. W. F. Wackenroder, hydrogen 
sulphide does not decompose the acid, ])ut G. Ohancol and E. Diacon observed that 
the acid is decomposed with the separation of sulphur ; and H. Debus showed that 
])y repeated treatment with hydrogen sulphide, the acid can be completely decom- 
posed ; Il2S505+5H2S=6H20 -f-lOS ; and a soln. of potassium pentathionate 
decomposes as indicated by the equation : 3K2B5O(}d--3li2S“K2S2O3d-2K2S30s 
+31120 + 108. W. Petzold represented the reaction: SH'+SsOg'+H^S 
=28203" +4H* +28. H. W. E. Wackeiiroder said that the sulphur dioxide 
decomposes a cone. sohi. of the acid ; and H. Debus showed that an excess of 
sulphur dioxide transforms a portion of a soln. of the acid into tetra- or tri-thionic 
acid, and ])art remains undecomposed, while peiitathionates are completely trans- 
formed into trithionates and thiosulphates ; with neutral soln. of sulphites some 
sulphur dioxide is given off, and sulphur deposited. The reaction was studied by 
W. Feld, and F. Overdick. According to F. Forster and ’K. Centner, the action 
of sulphites on tetrathionates and pentathionates, with the sulphite in slight excess, 
are complete reactions : 8506''+S03^'->840o'’'+S203''', in which the velocity constant 
A;=0*233 with time in minutes and concentration in millimols ; and S406"+S03" 
•~5►S30/+S203'^ in which the velocity constant 7^=0*0103. If the eq. proportions 
are present, the reactions arc balanced ones : S50++S03'''^S40e"+S203" and 
S406''+S03V-S30 q"+ 8203"’'', in which the right-side reactants are dominant; 
and there is also involved the equilibrium 2S40(5''''^S50o"+S306", which is cata- 
lyzed by the SoOs^'^-ions. With hydrosulphitcs, the equilibria SsO^^'+HSOs' 
;=^S406'' + S203" + H*, and S406'' + HS03'^S306'^ + S203'' + H*, are only slowly 
attained. At the beginning of the reaction with hydrosulphites the velocity 
constants at 0^ are about the same as with the sulphites ; and for the same 
polythionates, tlie velocity at the beginning of the reaction with the hydrosulpbites 
is to that with the sulphites in the ratio of the cone, of the SO3''''- and HSOs'-ions 
in the state of equilibrium : HS03'^H‘+S03'‘'. Hence, it is inferred that in a 
soln. of hydrosulphite, only the contained SOa^'-ions arc active. There is ako 
the secondary reaction S30/'+H20=S04'+S203"’+2H\ The equilibrium with 
hydrosuiphite and pentathionate is more rapidly attained, than it is with 
tetrathionate, and with not too great an excess of hydrosuiphite ; the decom- 
position of the tetrathionate into thiosulphate occurs as a consecutive reaction 
after the equilibrium is attained. The pentathionate produced by the action 
of H*-ions on S203^'-ions can therefore be more rapidly converted to tetrathionate 
by hydrosuiphite. The trithionatc can also be formed by the action of the 
hydrosuiphite: S2O3'' + 4HSO3' + 2H*--^2S306'' + SHgO. The thiosulphate is 
also broken down by the reactions symbolized: S203"+H‘“>HS03+S ; and 
S203"+2HS03->2S04"+2S+H20, where the trithionate ions act as a catalyst. 
W. Petzold represented the reaction: SsO^ ' +2S03"^S30e'' +28303'^ ; and 
F. Forster and K. Centner, S60e"+S03"^S403"+S203", and with tetrathionates, 
S4O0''+SO3"^S3O3"+S2O3^'. If, however, a slight excess of sulphite is present, 
both reactions are completed to the right in accordance with the ordmary bimolecuiar 
law, the speed of the former reaction being much greater than that of the latto. 
When a hydrosuiphite acts on a pentathionate and tetrathionate, the equilibm 
SgOft" + HSq3'^S406" + S2O3" + H* and 8405" + HSO/^SsOe + S2O3' ■ + S* axe 
slowly established, the reactions probably being brought about entirely by tne 
sulphite ions present in the hydrosuiphite soln. The second equilibrium is distumed 
by the decomposition of the trithionate, according to the equation S306"+H2D 
==S04'+S203"+2H‘, and by its re-formation from hydrosuiphite and thiosnlpna^ 
S20/+4HS0/+2H-=2830e"+3H20. As a result of these reactions, m 
hydrogen-ion cone, increases until sulphur is deposited by the reaemon 
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8303^^-3-11 ^HSOs^-j-S. Finalljj a stationary state is reached, and sulphate and 
free sulphnr are formed from thiosulphate and sulphite, correspondim^ with the 
equation S203^'-r2HS03''=2S04''-[-2S+H20. Since a ht’drosulphite and free 
sulphur can be obtained from thiosulphate by the action of acids, thiosuiphate 
itself can, under suitable conditions of acidity, be converted into ^ sulphate and 
sulphur. A. Kurtenacker and M. Kaufmann said that tritMonates do nof react with 
peiitathionates to form tetrathionates : S30/+S50/=2S40e, even in acidic soln., 
but tnthionates and their decomposition products accelerate the decomposition of 
pentathionate to tetrathionate and sulphur. The preserving action of dil sulphuric 
acid has been just indicated. H. Debus found that ammonia after a few minutes 
makes pentathionic acid turbid, probably owing to the separation of sulphur ; 
H. Debus, and P. Kessler noticed that if ammonia be added to a soln. of a penta- 
tbionate, and then hydrogen sulphide, there is a copious deposit of sulphur. 
H. W. P. Wackenroder said that nitric acid oxidizes the acid to sulphate ; while 
phosphine does not decompose the acid. E. Wertz and P. Achterberg obtained 
some benzidine salts. 

H. W. P. Wackenroder observed that the acid exerts no action on polished 
strips of copper, but when boiled with copper, pentathionic acid decomposes, forming 
sulphur dioxide, sulphuric acid, and copper sulphide ; and when boiled with iron, 
hydrogen sulphide is evolved and ferrous sulphate and thiosulphate are formed. 
H. Debus said that plates of copper or silver are blackened by a soln. of potassium 
pentathionate. V. Lewes observed that with potassium amalgam pentathionates 
are reduced to tetrathionate, then to thiosulphates, and ^ally to hydrogen 
sulphide. H. Debus showed that when shaken with platinum black, a soln. of 
pentathionate becomes acidic owing to the formation of sulphuric acid, but no 
sulphur is deposited. 

According to M. J. Eordos and A. Gelis, and M. Berthelot, an excess of alMli 
liydroxide immediately decomposes pentathionic acid : 2K2S506-f-6K0H 

=5K2S203+3H20 ; J. Stingl and T. Morawsky said that alkali carbonates or 
hydroxides, or the alkaline earth hydroxides or carbonates, in the cold, decompose 
pentathionic acid, forming tetrathionic acid, and if heated, trithionic acid and 
sulphur are formed. W. Smith and T. Takamatsu also noticed that when exactly 
neutralized with potassium hydroxide, pentathiordc acid forms tetrathionate and 
sulphur ; and with more alkali hydroxide, sulphur, sulphite, and thiosulphate are 
formed : 2H2S5O6-bl0KOII=3S+3K2SO3+2K2S2O3+7H2O. T. Curtius also 

found that baryta-water, or freshly precipitated barium carbonate, con- 
verts pentathionic acid into tetrathionate and sulphnr : Il2S506+BaC03 
=BaS406 -f S-f H20-f CO2. V. Lewes represented the reaction with pentathionates 
and alkali-lye in excess : 2K2S50e4'6K0H==3K28203-[-2K2S034-3H20-|-2S. 

W. Smith and T. Takamatsu employed an equation analogous to that indicated 
above for the acid. V. Lewes said that when a pentathionate is warmed with 
alkali hydroxide, sulphur and trithionate are formed, and when boiled, thiosulphate 
is produced: 2K2S5O0+6KOH=5K2S2O3+3H2O. This is also in agreement 
with the observations of E. H. Eiesenfeld and G. W. Feld. A. Kurtenacker and 
M. Kaufmann said that the primary reaction with cold, dil, alkali-lye is : 
S506''^S+S406'^ ; and the tetrathionate then decomposes : 28405^ 

=38203"' -|-2S03"+3H20, and 2S03"'+2S405"=2S306-f 28203^ that is, according 
to 4S406'"-h60H'=5S203"-j-2S30/-t-3H20. The sulphur which redissoives 
may react with some of the sxdpthte: S-4-S03''=S203^, or more probably 
with an excess of alkali, 48+ 60^=28"" -fS20s"'+3H20 ; and the sulphide then 
reacts with the trithionate : 8306-4-8=28203 ; so that the resultant reaction m 
2S506"-4-60H'=5S203"-f3H20, Boiling, cone, alkali-lye decomposes penta- 
thionates, forming sulphides- F. EascMg said that under suitable conditions one 
atom of sulphur separates from the pentathionates on treatment with sodium esar- 
bonate, and the reaction K2S5O0«->K2S4O64-S is quantitative. A. Kurtenacker and 
A. Czernotzky, however, found that the reaction goes far beyond this stage in dil. soln. 
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According to H. W. E. Wackenroder, cupric sulphate wken boiled for some 
me witb pentatkionic acid gi^es a brown precipitate ; while H. Debus said that 
ipric chloride, acetate, and sulphate cause no change with soln. of potassium 
Biitathionate. E. Kessler, and H. W. E. Wackenroder observed that silver nitrate 
ves a yellow precipitate which soon turns black ; and E. Kessler said that an 
mmoniacal soin. of silver nitrate gives with a soln. of pentathionate first a brown 
cecipitate and this passes into black silver sulphide. H. Debus added that tins 
iaction is not produced by a soln. of tri- or tetra-thionate, thiosulphate, or sulpMte, 
)r an ammoniacal soln. of silver nitrate seems to have no effect on these salts! 
onsequently, a pentathionate, even if present in very small quantity, can be 
etected in a mixture of potassium tri- and tetra-thionates and sodium, potassium, 
ad ammonium thiosulphates. A soln. of barium chloride, or zinc sulphate, causes 

0 visible change in a soln. of potassium pentathionate. H. W. F.' Wackenroder, 
ad E. Kessler said that with pentathionic acid, mercurous nitrate gives a yellow 
recipitate which when exposed to light or boiled becomes black ; with an excess of 
le mercury salt, the precipitate is white and remains white ; while mercuric 
Itrate, chloride, or cyanide gives a white or yellow precipitate which gradually 
[ackens in the cold, and rapidly when heated. F. Kessler, and H. Debus said that 

1 ammoniacal soln. of mercuric cyanide produces a black precipitate with potassium 

sntathionate — gxaduaUy in the cold, rapidly at 100*^. H. Debus observed that 
tercuric cyanide removes two atoms of sulphur from pentathionates, and A. Sander, 
lat mercuric chloride acts similarly. E. H. Riesenfeid and G. W. Feld represented 
le reaction I ~j~8H[ — }-“4S. All the polythionic 

fids are decomposed by a mercuric salt in neutral soln. H. W. F. Wackenroder 
mnd that stannous chloride with pentathionic acid gives a white precipitate which 
radually turns yeUow ; and F. Kessler said that with pentathionates, stannous 
iloride gives a chocolate precipitate. H. Debus observed no visible change onadding 
)ln- of lead nitrate or acetate, ferric chloride, or cobalt nitrate to a soln. of 
otassium pentathionate ; a soln. of potassium permanganate gives a coffee-brown 
cecipitate. F. Raschig said that pentathionic acid is slowly oxidized by an acidic 
>ln- of potassium permanganate. M. J. Fordos and A. GeHs said that in acidic soln. 
3tassium permanganate is reduced by barium pentathionate — vide Table XVIIL 

J. P. Valeton said that the ordinary tests employed to distinguish pentathionic 
fid from the other polythionic acids — ^the action of strong bases, ammonia, 
nmoniacal mercuric cyanide, ammoniacal silver nitrate, and ammonia followed 
7 hydrogen sulphide — are valueless, since a pure colloidal soln. of sulphur reacts 
milarly, and all these alkaline reagents decompose pentathionic acid with precipita- 
m of sulphur. There is no test applicable to the detection of pentathionic acid 
aq. soln. H. Bassett and R. G. Durrant agree that the positive tests given by 
. Debus for pentathionic acid — (i) darkening of an ammoniacal soln. of sfiver 
trate ; (ii) deposition of sulpbui with alkali-lye ; {iii} rapid deposition of sulphur 
Lth aq. ammonia ; (iv) immediate deposit of sulphur with aq- ammonia containii^ 
rdrogen sulphide ; and (v) black precipitate with an ammoniacal soln. of mercimc 
"anide — are given by colloidal sulphur, hut the negative tests — no precipitate with 
^-drochloric acid, cupric chloride, acetate, or sulphate, ferric chloride, or cobalt 
trate — gave precipitates with colloidal sulphur- The most delicate distinguishing 
st is didymium chloride ; the merest trace of the tervalent cation precipitated 
Iphixr from the colloidal soln-, but a considerable amount failed to have any 
ect on pentathionic acid- Pentathionic acid, therefore, is unaffected by electro- 
tes provided the sola, is not rendered alkaline. In this respect, it differs from 
Uoidal sulphur. Another way to differentiate them is to boil each for a short 
ne mth hydrochloric acid and then apply Debus’s “ positive ” tests involving 
iali. It will be found that pentathionic acid responds to all the tests, and what 
56' colloidal sulphur to none of them. J. J. P. Valeton’s statement may he modified 
' saying that pentathionic acid, when rendered alkaline, liberates coUoidal sulphur- 
Pentathionic acid is dibasic, furnisbing salts, tbe pentathionates, M/SsOe* 



.^I'LPHn; 


Owing to its iiistability. sodiuin pCIltEtlliOEattOs not be^ni exaiii:3i*?ci 

except in aq. solii., but, as previously shown, F.Easclug obtained crv^lals of the .-alt. 
As indicated above, potassium pentattdonate, K2S5O6.I4H2O, cannot be obtained in 
a satisfactory way by neutralizing the acid with the alkali hydroxide owing to lU 
conversion into the tetrathionate. The preparation of the pentathionate has been 
previously described. It was made by T. Curtius, C. Ludwig, V. Lewes, A. Lock 
and K. Kliiss, H. Debus, F. Raschig, H. Hertiein, etc. S. Bliaw supposed that tiie 
salt IS a monohydrate ; V, Lewes, a dihydiate ; and H. Debus, a heniitrilitTlrate. 
The crystals described by C. F. Eammelsberg were probably those of a tetrathionate. 
According to A. Fock and K. Kliiss, the colourless rhombic crystals have the axial 
ratios a : h : c— 0*4564 : 1 : 0*3051. H. Hertiein gave 2-1120-2T126 for the sp. gr , 
and 171*19 for the mol. vol. The sp. gr. of aq. soln. containing 1-6TL 4-0S2, 7-723, 
and 14*199 per cent, of the salt are 1*01002, 1*02467, 1-04740, and 1-009025 respec- 
tively at 20"", and the mol. vol. respectively 135-95, 137-25, 138-51, and 139*53 

F. Martin and L. Metz gave 386 Cals, for the heat of formation of K^SsOg : and 

M. Berthelot gave for the heat of formation from its elements, in aq. soln,. 2U3*5 
Cals. ; for the heat of oxidation by bromine, 19*5 Cals. ; and for the reaction with 
potassium hydroxide, 24*10 Cals. H. Hertiein found the sp. refraction with the 
^-formula to be 0-2837 at 20^ for Na-light, and with the /x^-formula. 0*1665 ; while 
the moL refractions are respectively 94-92 and 55-73. The electrical conductivity 

of a soln. of a mol of the salt in v litres of water at 25° was found to be : 

. 32 64 128 256 512 1025 

^ . 106-2 112-3 117-7 122-2 125-7 129-3 

According to H. Debus, the crystals of potassium pentathionate cannot lie kept 
long. In the course of a month or two, yellow points are observed in them ; these 
points grow and increase in number, until the whole crystal is turned into a yellow, 
pulpy mass consisting chiefly of water, potassium tetrathionate, and sulphur. 
The cause of this spontaneous decomposition is the presence of water contained in 
cracks and fissures of the crystals. In order to preserve the salt, the crystals must 
be rubbed to a fine powder and the latter washed with dil. alcohol. In this state, 
the salt can be kept over sulphuric acid in a desiccator for two or three year.s 
without the slightest change. According to V. Lewes, and S. Shaw, when 
the pentathionate is heated, it decomposes into sulphate, etc., 2K2S50^ 
=2K2S04-f-^S02+6S. Potassium pentathionate is easily soluble in water — 100 
parts of water dissolving about 50 parts of salt — but it is not soluble in alcohol. 
The properties of the salt have been previously discusssed. J. A. Christiansen 
prepared p-toluo^l pentathionate. 

H. Debus reported copper pentathionate, CuSsOg.lHsO, to be formed by mixing 
20 grins, of cupric acetate dissolved in 250 c.c. of water, with 45 c.c. of IVacken- 
Toder's liquid of sp. gr. 1-325, and allowing the soln, to evaporate spontaneously ; 
the product was dried between bibulous paper, and recrystallized from its aq. soln. 
The blue, prismatic crystals are freely soluble in water ; and they decompose when 
kept, forming brown cupric sulphide and sulphur. 6. T. Morgan and F. H. BurstalFs 
attempt to prepare an ethylenediaminopentathionate was unsuccessful, owing to the 
destructive action of the diamine in removing sulphur from the alkali pentathionates 
obtained from Wackenroder’s soln. M. J. Fordos and A. Gelis, G. A. Lenoir, and 
V. Lewes prepared baxiiim pentathionate, BaS506.2H90, indicated above. 
V. Lewes prepared it as a trihydrate. The clear, colourless prisms were stated by 

G. A. Lenoir to be tetragonal. When heated in a tube, the salt decomposes into 
sulphur, sulphur dioxide, and hydrogen sulphide ; and the dry salt, at 100°, was 
found by V. Lewes to decompose : BaS5O0.3H2O=BaSO4+SO2+^+^H2f^- 
The salt was found by M. J. Fordos and A. GMis, and V. Lewes to be freely soluble 
in water, and insoluble in alcohol A mixture of tetrathionate and penta- 
thionate was obtained by M. J. Fordos and A. Gelis, C. Ludwig, F. Kessler, 
and V. Lewes; and it was called barium tetra pentathionate, BaSgOj^-OHsO. 
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i.e, BaS40Q,BaS506.6H20. H. Debus prepared impure zinc pentatMonatCj bv 
the method used for the copper salt. The soln, is very unstable, and most of it 
decomposes into sulphate on evaporation. A. and P. Lumiere and A. Seyewetz 
obtained a soln. of lead pentatMonate, P}>S 50 t^, by neutralizing an aq. soln. of 
pentathionic acid with lead carbonate, and with a soln. of sodium thiosulphate it 
appears to form lead sulphite, sulphur, and sodium lead pentathionate 
Na2Pb(S506)2. 
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§ 45. HexatMonic Acid and the Hexathionates 

H. Debus 1 said that the mother-liquor remaining after the separation of 
potassium tetra- and penta-thionates from Wackenroder’s liquid — vide sufm— 
contains the potassium salt of hexathiouic acid, H2S60e. He obtained potassium 
hexathiouate, K 2 Se 06 . 1 |H 20 , as a yellow, non-crystalline crust which was com- 
pletely soluble in water. The soln. is decomposed by acids with the separation 
of sulphur. Unlike the pentathionate it is said to give a copious precipitate of 
sulphur when treated with ammonia. It is more easily decomposed than the 
pentathionate. The aq. soln. always contains a little sulphur, but the amount 
does not increase with time ; and sulphur reappears after the liquid has been 
filtered. B. H. Biesenfeld and G. W. Feld said that the so-called hexathionic acid 
or hexathionatc does not exist, being probably pentathionate containing coUoidd 
sulphur. H. Bassett and E. G* Durxant also consider that the existence of hexa- 
thionic acid is improbable — vide supra, the constitution of polythionic acids. 
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E. 1 '"^ eitz and F. AcEterberg observed no evidence of tEe existence of hexatinonic 
acid in Wackenroder’s soln., but there were signs of the presence of acids with, a 
larger proportion of sulphur, 

A. Kurtenacker and A. Czernotzky observed that in the action of cone, hvdro- 
chloric acid 021 soln. of sodium thiosulphate in the presence of small cniaiitities of 
sodium arsenate at —10"^ to —15°, isomorphous mixtures of pentatiiionate and 
hexathionate ivere formed. These decompose rapidly in aq. and diL acetic acid 
soln. with the separation of sulphur. 

E. Weitz and F. Achterberg prepared potassium hexathionate by the addition 
of a soln. of a mol of potassium nitrite and about 3 mols potassium thiosuiphate 
to well-cooled hydrochloric acid. The mixture is vigorously shaken until the 
colour passes through brown and ^een to yellow, after which the nitrous fumes are 
removed in a current of air, leaving a soln. having an odour of sulphur dioxide ; 
it is allowed to stand in a freezing mixture until it becomes almost colourless. The 
precipitated potassium chloride is removed, and the filtrate concentrated under 
diminished press., whereby potassium hexathionate, mixed with potassium chloride, 
separates. The chloride is removed by water and the residue washed with alcohol 
and ether. The mother-liquors from the hexathionate contain considerable 
quantities of potassium tetrathionate. The production of the latter compound is 
readily explained either by the intermediate formation of nitrosylthiosulphuric 
acid or by a simple oxidation of the thiosulphate, but the mode of formation of the 
hexathionate is obscure. The smallest proportion of nitrite required to prevent 
the precipitation of sulphur when the soln. is acidified depends on the presence or 
absence of air and on the concentration of nitrite and thiosulphate in the soln. 

E. Weitz and F. Achterberg observed that potassium hexathionate is stable 
when dry, but it readily decomposes in aq. soln. with the formation of sulphur or 
a higher polythionate. The addition of acid stabilizes the sola. It crystallizes 
with difficulty from aq. or feebly acidic soln., most readily from such as contain 
considerable amounts of mineral acid ; from these soln. it can be salted out. Like 
the pentathionates, it deposits sulphur when treated with alkali ; gives yellow and 
yellowish- white precipitates with mercurous nitrate and mercuric chloride ; it 
does not react with copper sulphate ; and gives a brown coloration, passing into 
a black precipitate, with ammoniacal silver soln. It is more rapidly decomposed 
than pentathionates by dil. aq. ammonia, tetrathionate being the first product to 
separate ; sodium carbonate soln. behaves similar!/. Alkali sulphites rapidly 
convert hexathionate into trithionate. Potassium hexathionate gives crystalline 
precipitates with cobaltic and chromic hexamminochlorides and hexammino- 
nitrates, and with cobaltic ^mns-dichlorodieihylenediaminochloride ; this behaviour 
is also shown by the lower polythionates towards the last-mentioned reagent. The 
anhydrous benzidine salt was prepared. J. B. Partington and A* F. Tipler con- 
firmed the observations of E. Weitz and F. Achterberg on the preparation of the 
salt. J. A- Christiansen prepared p-toluoyl hexathionate, 

E. J. Manmeii^ said that barium hexathionaU, BaSgOg, is prepared by mix i n g three 
mols of barium thiosulphate with two gram-atoms of iodine. The mixture b^omes 
colourless in 3 or 4 days, and it may then be filtered through cotton- wool, and the crystals 
washed with alcohol. The salt gives a white precipitate with silver nitrate, which turns 
black and the liquid at the same time becomes acidic. CJolourless, soluble crystals of 
sodium hexaihionede^ bra-SaOo.nHaO, were also reported. These results have not been 
confirmed. 
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§ 46. Sulphur Fluorides 


ii. DavyA and J. B. A. Dumas seem to have ])Te|)ared a sulphur jluoride bv 
distillation from mixtures ol’ lead or mercuric iluoride ; and, added L. Pfaundler, 
sulphur does not react with lead iluoride below 140"". According to G. Gore, sulphur 
reacts with molten silver fluorid(\ forming silver sul]>hidc and a heavy, colourless 
vapour of sulphur Huoride which does not condense a,t (f , it fumes in air, and has a 
smell recalling that of sulphur cliloride and sulpluir dioxide. The composition of 
tlu's(^ products was not determined. On the other hand, H. Moissan and P. Lebean 
prepared sulphur hexafluoride, SF^. They found tliat sulphur ignites in fluorine 
gas and Imnis with a livid iiame,.formiiig a gaseous product which consists of two 
cumjiounds. one of which, thoiigli quite insoluble in water, partially dissolves in an 
aq. sola, of potassium hydroxide. When the fluorine ivS in excess, the product 
contains 80-90 ])er cent, of the insoluble component. Analyses of the insoluble 
gas show that it is the hexafluoride. The gas was isolated by licpiefying the mixture 
at — 80'b and freed from foreign gases by fractional distillation ; treated with 
])0tasli4y’e ; and dried over fused potassium hydroxide, it is freed from the last 
tract\s of nitrogen b}" liquefaction, and allowung the nitrogen to pass olf with the 
lirsfc fraction, 

11. Moissan and P. Lebeau found that sulphur hexalluoride is a colourless, 
odourless, tasteless, incombustible gas Its relative density (air unity) is 5*03 — the 
theoretical value for BFg is 5-O0, E. B. R. Prideaiix represented the electronic 
structure : 


F 
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.>/F 

>sx 

'>^F 


Sulphur hexafluorid.e was found by H. Moissan and P. Lebeau to solidify at —55® 
to a ■white, crystalline mass which melts and boils at slightly higher temp, 
but E. B. R. Prideaux gave —56*^ for the melting point ; —62'® for the boiling point ; 
and 54® for tlie critical temperature. The coeif. of thermal expansion of the 
liquid is 0*027 ; the specific gravity, 1*91 ; and the molecular volume, 76*5. The 
refractivityju= 1*000783, when the value calculated by the additive law is 1*001116. 
E. B. R. Prideaux also discussed tlie relationship between the hexafluorides of 
sulphur, selenium, and tellurium. PI. Moissan and P. Lebeau found that sulphur 
hexafluoride is a very inert gas resembling nitrogen more than sul])hur chloride. 
M. Bert helot found that it is stable when exposed to the silent electrical discharge. 
IL Moissan and P, Lebeau found that no change occurs when the gas is heated alone 
to the softening temp, of hard glass ; but at the temp, of the induction spark, it is 
jiartiaily decomposed, but after 2 hrs.’ action, 11 per cent, remains unchanged. 
When sparked in the presence of hydrogen, the hexafluoride is completely decom- 
posed with the production of hydrogen sulphide and hydrogen fluoride.; these 
compounds acting on the glass containing vessel form a yellow solid containing 
sulphur, silica, and hydrofluosilicic acid. . A mixture of the hexafluoride and oxygen, 
when strongly sparked, yields a brown, flocoulent solid — one part by vol. of o:^pnis 
absorbed, and the total contraction is 2 vols. If the current density is diminished, 
sulphur oxyfluoride is formed which is less rapidly decomposed by water than is 
thionyl fluoride. The hexafluoride is very sparingly soluble in water. The gas 
is not affected by fluorine, nor by chlorine, bromine, or iodine at a red-heat. 
M. Berthelot said that it is not absorbed by bromine. H. Moissan and P. Lebeau 
said that hydrogen chloride has no action on the gas. When the hexafluoride is 
heated in sulphur vapour in a glass vessel, silicon tetrafluoride and sulphur 
dioxide are formed ; if the heating is prolonged, decomposition is complete. It is 
rapidly attacked by hydrogen sulphide : 3HaS-bSFQ=6HF+4S, and the hydrogen 
fluoride attacks the glass containing vessel. The gas is decomposed by seleniumt 
but the reaction is more complicated than it is with sulphur because a mixture or 
silicon tetrafluoride, and of sulphur and selenium dioxides, is produced. The gas 
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is not alfected by ammoma ; nor do phosphorus, or arsenie exert cheinical action 
even at a red-heat. A similar remark applies to the action of boron, eaxbon, and 
silicon. It is rather more soluble in alcohol than in water. Eertheiot said that 
it is not absorbed by thiophene. Sulphur hexafluoride was found to resist the action 
of copper and silver at a red-heat ; boiling sodium rapidly attacks the gas ; but 
ealcill'li and iiisgiiesi'iiiil, when heated in the gas, are only superficially attacked. 
The hexafluoride is not affected when heated with copper oxide, or lead chromate ; 
and it resists the action of potassium hydroxide — whether fused, or in alcoholic or 
aq. soln. M. Berthelot added that it is not absorbed by an acid soln. of cuprous 
chloride. 

0. Euff and K, Thiel attempted to make sulphur tetrafiuoride, SE4, by 
heating nitrogen tetrasnlphide with hydrofluoric acid with and without cupric 
oxide, but obtained instead thionyl fluoride, hr2B4-4-3CuO-r20HF— SSOF^-f-S 
4:hni4F(HF).3CuFo. Sulphur tetrachloride was not altered when heated with 
hydrogen fluoride, nor was there any change when titanium tetrafluoride was 
heated with sulphur tetrachloride ; while with stannic fluoride a complex SCl4.SnF4, 
or else SF4.SnCi4, was formed ; with arsenic trifluoride, a complex 2AsF3.SCi4 was 
formed ; and negative results were also obtained with antimony txifluoride, and 
silver fluoride. 

M. Gentnerszwer and C. Strenk obtained sulphur monofluoride, S2F2, by heating 
in vacuo a mixture of a gram of silver fluoride with 4 grms. of sulphur. About 
100 c.c. of a gas are evolved. The gas does not condense at ordinary temp. The mol. 
wt. of the gas calculated from the vapour density and the analysis agree with the 
formula S2F2. The same gas is obtained by heating a mixture of mercurous fluoride 
and sulphur. The colourless gas has an odour similar to but more objectionable 
than that of sulphur monochloride. The m.p. is — 105*5® ; the b.p., — 99° ; and the 
sp. gr, at — 100°, 1*5. The gas is not stable towards heat, and when introduced into a 
dry, evacuated flask, it yields a white or yellow deposit, but the decomposition 
ceases after 12-24 hrs., and the purified gas then gives no deposit when introduced 
into a second flask, and it does not attack mercury. The impure gas blackens 
mercury owing to the formation of mercury sulphide. It is therefore supposed that 
the gas when formed from silver fluoride and sulphur is accompanied by other 
fluorides relatively difficult to volatilize. The gas deposits sulphur when exposed 
to air, and likewise also in the presence of moisture- It is absorbed by a soln. of 
potassium hydroxide. 
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§ 47. Sulphur Cfhlorides 

In 1782, A. Hagemann ^ observed that sulphur unites chemically with chlorine, 
and T. Thomson in 1804 and A. B. Berthollet in 1807 observed that sulphur mono- 
chloride, S2CI2, is formed. The composition was afterwards established by H. Davy, 
and C. F. Bucholz. F. Donny and J. Mareska found that at ordinary temp., and 
even at — 90°, powdered sulphur slowly absorbs chlorine at ordinary temp, with the 
development of heat, and that the absorption is faster if the sulphur be sublimed in 
the chlorine gas. The four sulphur chlorides have been reported : the tetracWoride, 
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SCI 4 ; the dichloride, SCI 2 ; the tritatetrachloride, S 3 GI 4 ; and the mono chloride 
B 2 CL ; but G. Chevrier, and F. Isamhert seem to have considered the first two to be 
soln. of chlorine in the monochloride ; while L. Cariiis registered only sulphur 
dicMofidej SCL. M. Trautz said that the main reaction of sulphur and chlorine at 
a high temp, involves S 2 Cio+Cl 2 ^ 2 SCl 2 ; and that sp. lit. data agree with the 
assumption that there are formed in the gaseous or liquid state sulphur Imii- 
cJiloride, S 2 CI ; sulphur tritadichloride, S3CI2 ; and sulphur ietritadicJiloride, S4CI2. 

W. Biltz and E. Meinecke found that sulphur monochloride is soluble in liquid 
chlorine. According to O. Rufi and G. Fischer, the m.p. curve of mixtures of 
sulphur with from 51*5 to 92*5 per cent, of chlorine shows a maximum at —80°, 
and one at — 30*5^° corresponding respectively with the monochloride and the 
tetrachloride. There is an indication of a maximum corresponding with sulphur 
kenacMof ide, SCln, but this has not been confirmed. There is a eutectic melting at 
—113°, and when it solidifies at —113°, there is an abrupt rise of temp, to —101-3°. 
There is no evidence of the existence of sulphur dichloride on the m.p. curve. 
0. Ruf! and G. Fischer's data, in atomic percentages, are : 

S . 7-7 9-1 12-7 21-6 31-6 35-7 42-6 48-8 5M 

M.p. 38^ 39° -34° -30*5° —66° -69° —113° -83° -81-5 

To these A. H. W. Aten added for 20-0, 33*7, 45*3, and 4.8*6 at. per cent, of sulphur, 
respectively —30°, —65°, —90°, arfd —82° ; and for the system S 2 Cl 2 ''S 8 , with 
molar percentages of Sg : 

S . 4-3 6*0 9*9 28*5 65-4 81*8 81-8 88*4 100° 

M.p. -16° 0° 17-9° 66-2° 77-7° 96-6° 86-0° 10-32° 118-8° 

■ " ..y . .I. -V " " 

Bhombic sulphur. Monoclinic bulpnur. 

T, M. Lowry and co-workers measured the f .p. curve of the system : S~C1 by heating 
the mixture to 100 ° in a sealed tube to make sure that equilibrium was really 
attained. Similar results were obtained using iodine as a catalyst. The portion 
of the curve shown in Fig. 136, indicates that not only is sulphur monochloride 




Fig. 136. — ^Melting-point Curve of Fig. 137- — ^Freezing-point Curve 

Sulphur and Chlorine. of the System : S-Cl after 

heating to 100°. 

formed, but also sulphur diohloride, as well as sulphur tritatetrachloride, S3CI4. 
A mixture having the composition of the dichloride, deposits crystals of the tetra^ 
chloride on cooling. The equilibrium between the sulphur uhloride in middle 
regions of concentrations is probably dominated by two simultaneous reactio^: 
2 SCl 2 ^S 2 Cl 2 +Cl 2 , and 3 SCl 2 ^S 2 Cl 2 +SCl 4 ; the combination of the monochloxi^ 
and chlorine is slow at atm. temp, and consequently also the first dissocia^n ^ 
slow. The second reaction is probably a fast one since the reaction SCl 2 +Gl 2 ^^^^ 
is fast even at —75°. H. Acker obtained evidence of the formation of a 
polythiochloride^ S 4 CI 2 or SgCL. According to M. Trautz, the change in colom, 
from yellow to red, which occurs when sulphur is passed into liquid sulphur mono^ 
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chloride, is inflaenced by several factors — e.g. unless the liquid is seeded with 
sulphur diclilonde, SCL, the colour change does not occur until the lapse of 3 or 
4 hrs. The absorption of chlorine is represented by the scheme : 

=r2SCl2- The reaction is very slow unless the sulphur monochloride happens to 
be in the active state, o? when a large proportion of sulphur dichloride, sulphur 
tetrachloride, stannic chloride, or iodine has been added. The reaction occurs in 
stages : S2Cl2-rCl2t=^S2Cl4 (fast) ; and S2Cl4=2SCl2 (slow). There are also the 
reactions : SCl2-|-Cl2y^SCl4 (very fast), and S2Gl2-rSCl4==SCl2-|~S2^^4 (measurable 
but fast). Sulphur dissolved in sulphur monochloride reacts mth chlorine in 
accord with a reaction of the first order. M, Trautz measured the partition coefi. 
of chlorine in the gas phase, and dissolved in the sulphur monochloride — ^both h:esh 
and old. T. M. Lowry and G. Jessop observed that the red component is sulphur 
dichloride, and this can he estimated from the absorption of light of wave-length 
5200 A. or 5400 A. to which the monochloride and chlorine are transparent. Sulphur 
tetrachloride is not formed in appreciable quantities in liquid chlorides of sulphur 
which behave as ternary equilibrium mixtures, to which the law of mass action 
can be applied in accord with : 2SCl2^S2Cl2+Cl2. 

H. W- B. EoozehoomA and A. H. W. Aten's observations on the h.p. curves 
of mixtures of sulphur and chlorine at 740 mm. press, are shown in Fig. 138 , where 
the lower curve represents the composition of the liquid at the b.p., and the upper 
curve, the composition of the vapour. The dotted curves only partially realized 
refer to mixtures of sulphur monochloride and chlorine. The following is a selection 
of the data, where concentrations are expressed in atomio per cent. : 

B.p. . —25-0® — 16-4"’ 12-0 32-0*" 51-4° 105° 150-4° 212° 320° 

Liquid . 11-4 17-1 29-2 32-0 36-0 48-0 66-4 90*5 96*1 

Vapour . — 0-8 5-3 18-0 25-6 40-0 49-4 49-9 55-5 


A. H. W. Aten said that the character of the variation of vap. press, with composi- 
tion shows that at 0° the compound SOL is present in the mixtures and is partly 
associated. The variation of b.p. with composition 
for mixtures of disulphur dichloride and chlorine 
confirms the existence of the compound SCI2, and 
indicates also the existence of the compound SCI4. 

It appears further from these b.p. curves that 
sulphur monochloride is dissociated to a small extent 
at its h.p. It has been possible to determine the 
b.p. of mixtures containing only the molecules S2CI2 
and 0125 for freshly-prepared mixtures of these sub- 
stances are yellow in colour, whilst mixtures which 
have stood for some time are red, have a di£erent 
b.p., and may be shown to contain at least one com- 
pound (SCI2). It thus appears that the formation 
of the compound SCI2 from S2CI2+CI2 takes place 
more or less slowly. A. MichaeHs made a few 
ohseivations on this subject ; and O. Euff and 
G. Fischer determined the composition of Hquid and 
vapour between — 10'^ and 0°, and concluded that 
between these temp., the so-called sulphur dichloride 
is a mixture of several substances and not a chemical 
individual. 
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Fig, 138. — ^The Composition of 
Binary Mixtures of Sxilplmr 
and Chlorine — Liquid and 
Vapour — at the Boiling 
Point. 


According to J. J. Berzelius, H. Eose, and R. F. Marchand, sulphur mono- 
chloride, S2Cl2> is produced by the action of chlorine on sulphur, or on a rnetal 
sulphide as indicated in the patent process of the Consortium for eiektrochemische 
Industrie ; or of sulphur on a metal chloride — e,g. stannous or mercuric chloride. 
E. Legeler used iodine, iron, or iron chloride as catalyst. The mode of prepara- 
tion by the action of chlorine on heated sulphur is as follows ; 
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A lioO c'.c. tabulated retort is fitted with a condenser, and a suction flask as receiver. 
100 grins, of flowers of sulphur are introduced into the retort, which is then connected with 
an inlet tub© for chlorine which is washed with water, and dried by cone, sulphunc acid. 
The retort is heated by an air-bath between 200°--25C. As idio rapid current of chlorine 
jiasses through the system, sulphur chloride is formed and distilled into the receiver. The 
black residue which remains in the retort is due to impurities in the sulphur. Tlie crude 
product is mixed with 10-15 grms. of sulphur', and then distilled from a fractionating flask 
provided with a condenser and receiver ; that which collects below 134:° can be poured back 
into the distilling flask and more sulphur added. The fraction boilmg between 137° and 
13S° is collected. Towards the end of the operation the temp, may rise a few degrees above 
this temp, owing to the superheating of the vapour. The excess of sulphur remains in the 
distillation flask. The preparation can be further pm*ified by another fractionation. It 
distils at 41° under a press, of 28 mm. Moisture present in the chlorine may form some 
trioxytetrachloride, (q.v.). 


E. Terlinck said that the formation of sulphur monochloride when chlorine is 
passed into molten sulphur is accompanied by the production of considerable 
amounts of higher sulphur chloride, which dissolve in the monochloride, but if the 
mixed chlorides axe heated for some time under a reflux condenser the vapour 
ultimately assumes the b.p. of sulphur monochloride. The reaction, therefore, to 
produce only the monochloride is dependent largely on the temp., and is best carried 
out in a soln. of sulphur in boiling sulphur chloride. 

An iron vessel is fitted with an iron reflux column and a condenser, and is charged with 
sulphur and sulphur chloride, which is then heated to boiling. Dry chlorine is passed rapidly 
into the soln., and when the sulphur is almost completely used up about two-thirds of the 
mixture is distilled and the resulting sulphur monochloride collected, more sulphur then 
being added and the process repeated. The distillation may proceed while chlorine is still 
being absorbed, and the amount of chlorine added may be ascertained by the decrease in 
weight of the chlorine cylinder or by passing the gas through a gas-meter. 

W. J. Pope and fellow- workers prepared sulphur monochloride by distilling the 
commercial monochloride with the addition of sulphur and about one per cent, by 
weight of highly absorbent charcoal. The fraction which distils at approximately 
137"^ is redistilled with sulphur and absorbent charcoal under 11 mm. press. — golden- 
yellow sulphur monochloride distils over at 40°. In C. E. Acker’s manufacturing 
process, sulphur is dissolved in sulphur chloride and the soln. is transferred to a 
reaction chamber in which it is sprayed through an atm. containing chlorine. The 
product is then returned to the dis^solving chamber, where it is made to take up more 
sulphur and the cycle of operations is repeated. B. E. Gegenheimer and M. Mauran 
treated with chlorine a deep bath of sulphur chloride in contact with molten sulphur, 
and so regulated the temp, that only the monochloride distils over. R. Weber 
observed that sulphur monochloride is formed by the action of chlorine — best in the 
presence of a trace of iodine — on carbon disulphide : CS2+3Cl2==CCl4-f-S20l2 ; the 
by-product is then carbon tetrachloride ; while sulphur monochloride is a by-product 
in the preparation of carbon tetrachloride from carbon disulphide and chlorine as 
described by B. M, Margosches. H. Goldschmidt observed that the monochloride 
is formed by the action of phosphorus pentachloride on sulphur : S 2 +BCi 5 
— PC 13 - 4 -S 2012 ; and E. Baudrimont, and G. Chevrier obtained it by the action of 
phosphorus pentachloride on metal sulphides ; by heating thiophosphorjl chloride 
in a sealed tube to redness, or by the action of chlorine on thiophosphoryl chloride ; 
L. Carius, by heating thionyl chloride with phosphorus sulphide ; H. Prinz, by 
heating thionyl chloride with sulphur to 180° ; and A. Besson, by the action of 
hydrogen sulphide on sulphuryl chloride. The New Jersey Testing Laboratories 
purified crude sulphur chloride by agitating it with small amounts of finely-divided 
adsorbent substances, such as kieselguhr, china clay, calcium carbonate, or the like, 
whereupon foreign metallic and organic impurities are removed and a clear liquid 
possessing a light lemon colour results. It is preferable to employ substances, such 
as calcium carbonate, which simultaneously remove any free acid present. The 
process may also be applied by filtering the crude liquid through a bed of the 
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adsorbent iiiateridL Any of tlie ckiorides of vsulpliiir may bo treated, as the same 
type of metallic residues and foreign colouring matters occur in each. 

Sulpliiir nioiioclilonde appears as a yeliowisk-red, heavy iictuid, tvhicli fiiiues in 
air ; it has a disagreeable, suffocating odour which has been likened to that ut 
sea-weed ; its vapoui* excites tears ; it attacks the mucous membrane ; and its 
taste is said to be sour, hot, and bitter. When rectified by distillation in vacuo, it 
has a pure yellow colour. The freedom of the liquid from any tinge of red is taken 
to indicate that the monochloride is not contaminated with the higher siilpliiir 
chlorides. On heating sulphur monochloride at 60° its colour darkens considerably, 
and the red tint acquired deepens as the temp, is raised to the b.p. ; on cooling, the 
colour ]>ecomes rather lighter, but the pure yellow colour of the original preparation 
is not regained even after many weeks' standing. When this feebly red-tinted 
material is treated wdth absorbent charcoal the colour immediately reverts to the 
original pure yellow. Sulphur monochlonde thus undergoes slight dissociation 
into sulphur dichloride and sulphur when heated, and, in the absence of a catalyst 
such as charcoal, the establishment of the eqmlibxium proceeds very slowly. 
Analyses were made by J. JB. A. Dumas, E. F. Marchand, J. Dalziel and T. B. Thorpe, 
H. Eose, and C. F. Bucholz, and these are in agreement with the empirical formula 
SCI. The relative vapour density found by J. B. A. Dumas is 4-70, and by 
E. F. Marchand, 4*77. These numbers are in agreement with the formula SoCL. 
G. Oddo and'E. Berra found that the molecular weight, calculated from the effect 
of the monochloride on boiling carbon tetrachloride, and boiling benzene, is 169 to 193 
when the value for S 2 CI 2 is 135. This seems to indicate polymerization, but the 
result is attributed to the volatility of the dissolved substance at the temp, of the 
boiling soln. ; but w^hen a due allowance was made for this, a little polymerization 
w^as still in evidence, although G, L. Ciamician's correction made the data agree 
with the normal mol. wt. G. Oddo and M. Tealdi obtained a normal value for the 
effect of the monochloride on the f.p. of phosphoryl chloride ; and G. Bruni and 
M. Amadori, on the f.p. of bromoform. E. Beckmann, and T. Edopfer found that 
the mol. wb. is normal when calculated from the effect of the monochloride both on 
the b.p.^and f.p. of chloride or bromine ; and E. Beckmann and F. Junker obtained 
normal values for the mol. wt. from its effect on the b.p. of carbonyl chloride, ethyl 
chloride, and sulphur dioxide. The constitutional formula may be Cl.S.S.Cl, or. 
according to A. Michaelis and 0. Schifferdecker, H. L. Olin, L. Carius, and 
T. E. Thorpe, S==S=Cl 2 , analogous with thionyl chloride, 0 =S=Cl 2 , and it has 
accordingly been called sulphothionyl chloride, B. Hoimberg said that its action 
on mercaptan favours the formula 01— S— S— CL According to G. Bruni and 
M. Amadori, just as a series of persulphides is produced by the introduction of 
suliihur to hydrogen sulphide, H— S— H, H— 85 — H, and H— S^— H, so may the 
corresponding sulphur chlorides, sulphur dichloride, Cl— S— 'Cl, sulphur mono- 
chloride, Cl— So— Cl, and 01— Su— Cl, be possible. M. M. Eichter has indicated 
the existence of organic derivatives of sulphur tritadicJiloride^ 83012 , for he found that 
sulphur monochloride, S 2 CI 2 , acts under some conditions as if it were a mixture of 
sulphur chloride, SCI 2 , and trisulphur dichloride, S 3 CI 2 — ^forming, for instance, the 
compound sulphides when it reacts with ^-chlorophenol. The yield of the tri- 
sulphide is augmented if sulphur is also employed. 6. Brimi and M. Amadori 
found that a mixture of sulphur monochloride and sulphur depresses the f.p. of 
bromoform by an amount less than the sum of the depressions produced by the two 
solutes taken separately. It is assumed that such a soln. contains polythionic 
chlorides in equilibrium with their components ; the divergence of the actual from 
the calculated depression . indicating approximately the formula of the complex 
chloride. In brotoaoform soln., the highest such complex compound definitely known 
to be present is the tetrathionic chloride, that is, sulphur tetritadicMoride» S4CI2, but 
chlorides richer in sulphur probably exist in soln. of sulphur in the monochloride. 
The presence of these pol 3 rthionic chlorides is due to the formation of polytMo- 
derivatives by the action, substitutive in character, of sulphur monochloride on 
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organic substances. Again, in the cold vulcanization of caoutchouc by mean! 
sulphur monochloride, products may he formed containing sulphur in exces: 
the ratio S : CL 0. liuii and H, Oolla found that a sat. soln. of sulpliu 
sulphur monochloride corresponds closely with the formula Observat 

on the b.p. of these soln. agree with the assumption that sulplmr tritadiclilor 
So CL, and tetritadichloride, S4OL, are ])resent as well as Sg-molecules. The diss 
tion of the sulphur is attended by the reactions : (i) Sg+BSoCl^^r^SS^CL, for whici 
in [S3CL]8==./i;i[S8lS2CL]8, is 9-758x10-7 ; and (ii) Ssd-^SoCls-lS^CL, for wl 
A’s, in [S4Cl2]^-=A2rSs][S2Cl2]^ is 4-533x10-3; and (iii) 82012+84012^283 
from -wbich As, in [S3Cl2]‘^™A3LS2CL]LS4CL,] can be calculated. In cone. §o]n., 
sulphur is nearly all present as S4CI2 and Bg molecules. 

J. B. A. Dumas found the specific gravity of the monochloride to be 1-6 
B. B. Marchand, 1*686 ; A. Leboucher gave 1*737 at — 18'^, and 1-582 at 1 
T. B. Thorpe, 1-7094:1 at OL or 1-69802 at 7*58+* 0. A. Bawsitt, 1-7044: at 0^ 
1-6822 at 15-5+ H. Kopp, 1-7055 at 0^ and 1-6802 at 16-7+ H. V. Regua 
1*6970 at 5°-10+ 1-6882 at 10M5^ ; and 1-6793 at 15°-20° ; A. B. Krel 
1*6824 at 20^/20° ; and A. Haagen, 1-6828 at 20°. F. M, Jaeger’s values 
indicated below. E. H. Harvey aud H. A. Schuette gave 1-67328 at 25°^ 
T. E. Thorpe, 1*49201 for the sp. gr. at the b.p. ; and W. Earasay, 1*4848. 
the molecular volume, H. Kopp gave 91*6; W. Ramsay, 90*9; T. E. Tho 
90-28. 0. Loth studied the subject ; and 8. Sugden, and E. Rahinowitsch, 
naoL vol. A. H. W. Aten found the mol. contraction, 8v c.c., of mixtures of chlo 
with p per cent, of sulphur monochloridc : 

S 2 CI 2 . H-2 28-7 35^0 44-7 54-6 76-6 mol per cen 

. 0*25 0-35 0-60 0-07. 0-59 0-30 c.c. 

thus showing a maximum when the proportion of chlorine corresponds -? 
S2CI2+CL, or with SCI2- I. I. Saslowsky studied the contraction which oc( 
when the compound is formed from its elements. M. Trautz gave for the sp. 
of soln. of sulphur in grams per 100 grms. of sulphur monochloride. 


Sulphur 

0 

2 

4-2 

10 20 

25 

35 

0° 

1-7000 

1-7140 

1-7168 

1-7274 1-7485 

1-7530 

l-767t 

qn or 

1-6950 

1-6989 

1-7079 

1-7137 1-7340 

1-7410 

1-754 

^P* gr* j|2QO 

1-0700 

1-6833 

1-6885 

1-6978 1-7204 

1-7280 

1-7401 

.40° 

1-6480 

1-6540 

1-6560 

1-6700 1-6920 

1-7020 

1-717^ 

f 0° 

0-685 

0-583 

0-582 

0-579 0-572 

0-670 

0-566 

Mol, vol. 10° 

0*590 

0-589 

0-587 

0-583 0-577 

0-674 

0-570 

(fresh) 20° 

0-696 

0-594 

0*592 

0-589 0-681 

0-679 

0-574 

140° 

0-607 

0-604 

0-604 

0-599 0-591 

0-587 

0-582 

( 0° 

0-685 

0*583 

0*582 

0-578 0-572 

0*570 

0-566 

Mol. vol. 10° 

0*590 

0-589 

0*586 

0-683 0-677 

0*574 

0-570 

(aged) 20° 

0-590 

0-593 

0*592 

0-688 0-581 

0*579 

0-574 

( 40 ° 

0-607 

0-685 

0*603 

0-598 0-591 

0-588 

0-584 

The sp. gr. of soln. of chlorine in 

no 

sulphur monochloride, expressed in percental 

were : 







Chlorine 

0 

4*32 

7-3888 

11*24 



0° . 

1-7085 

1-7086 

1-7066 

1*6875 


Sp. gr. 

10° . 

1-6946 

1-6938 

1-6932 

1*6676 


20° . 

1*6787 

1-6783 

1-6776 

1*6512 



40° . 

1-6489 

1-6479 

1-6466 

1*6156 



F. M. Jaeger’s values for the sp. gr. of the liquid, D, referred to water at 
the surface tension, n, in dynes per cm., the specific cohesioii, per sq. mr 
and the mol. suriace energy, k-^d{cr(Mv)^/dt, in ergs per sq. cm., are : 


D 

0° 

25*4° 

50-1° 

75° 

90*5° 

105-4° 

121° 


. 45*4 

41-8 

38-0 

34*6 

32*9 

31-2 

29-4 

A 

5-42 



4-75 

4-43 

— 

4-12 

3-95 

h 

. 836*1 

781*7 

721*9 

668*3 

641*7 

614-8 

585-7 
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Xlie temp, coeff. of h is about 2-24 at 50°, and thereafter falls to about 1*79 ergs per 
degree. W. Ramsay and J. Shields gave 42*29, 38*00, and 33-81 dynes per cm. for 
the surface tension respectively at 15*5°, 46*3°, and 78-3° ; and for the mol. surface 
energy, respectively 787*2, 719*6, and 653*6 ergs. W. D. Harkins, and W. Herz 
studied some relations of the surface tension. E. H. Harvey and H. A. Schuette 
found the surface tension to be 40*78 dynes per cm. at 22° ; and the relative 
viscosity, water unity, 1*908 at 18°. M. Trautz gave for the viscosity coeff., tj, of 
soln. of sulphur in grams per 100 grms. of sulphur monochloride : 


Sulphur 

0 

2 

4*2 

10 

20 

25 

35 

{ 9 ° * 

1289 

1319 

1396 

1629 

2109 

2371 

3014 


1098 

1159 

1218 

1397 

1806 

2025 

2457 

(fresh) 1 20° 

1029 

1047 

1098 

1244 

1587 

1751 

2123 

(40° 

901 

907 

972 

1065 

1340 

1514 

1795 

{ 0° . 

1289 

12S2 

1372 

1603 

2106 

2370 

3006 

V 19° 

1142 

1135 

1218 

1378 

1791 

2001 

2453 

laged) 120° . 

1029 

1039 

1082 

1223 

1579 

1742 

2116 

140° 

906 

90S 

970 

1060 

1335 

1512 

1784 


The subject was studied by O. Loth. A. Leboucher gave 0*001031 for the coeff. of 
thermal expansion (cubic) between —18° and 77°. H. Kopp found that the thermal 
ex]3ansion corresponded with unit vol. changing to u=l +0*039591 ^~O*O 73810 ^ 
+0*0873186^3 at ^° ; while T. E. Thorpe gave «;=l+0*0393425d+0-0641082<92 
+0*0840769^3. Trautz gave for the coefecient of thermal expansion, a, of 


soln. of sulphur in 

grams per 100 grms. 

, of sulphur monochloride : 



Sulphur . 

. 0 

2 

4*2 

10 

20 

25 

25 

a 10« J 

(fresh) j 

O O 0 

O O O 

. 8 
. 9 
. 9 

9 

9 

9 

8 

9 

10 

8 

9 

8 

8 

8 

8 

7 

7 

8 

7 

8 
7 

a X 10^ , 

(■ 0° 

10° 

. 8 
. 9 

9 

8 

7 

10 

8 

9 

8 

8 

7 

7 

B 

7 

(aged) 

120° 

. 9 

10 

10 

9 

8 

8 

9 


H. V. Regnault gave 0*2024 for the speciffc heat between 19° and 15° ; J. Ogier 
gave 0*220 between 12° and 70° ; and M. Trautz, 0*22 at 22° ; and for soln. of 
sulphur and chlorine in the monochloride : 

Sulphur . . 42*64 44*89 47*20 49*33 51*29 

Chlorine . . 57*36 55-11 52*80 50*67 58*71 

Sp. ht. . - 0-208 0*219 0*219 0*226 0-245 

at temp, between 21° and 25°, Observations on the melting point of mixtures 
of chlorine and sulphur are summarized in Eigs. 135 and 136. O Ruff and G-. Fischer 
gave — 80° for the m.p. of sulphur monochloride. Observations on the hoiling 
point of mixtures of chlorine and sulphur are summarized in Fig. 136. G. Chevrier 
gave 136° for the h.p. at 758 mm. ; C. A. Fawsitt, 136°-137° at 755 mm. ; H. Hiibner 
and A. Guerouit, 137° ; A. Haagen, 137*7° at 761*4 mm. ; J. B. A. Dumas, W. Ram- 
say, F. M. Jaeger, 138° at 760 mm. ; E. H. Harvey and H. A. Schuette, 138° ; 
T. E. Thorpe, 138*12° at 760 mm. ; L. Carius, 138°-139° at 760 mm. ; and H. Kopp, 
140°. The best representative value is 138°. As indicated above, A. H. W. Aten 
found that sulphur monoohloride is slightly dissociated at its b.p. N. de Kolos- 
sowsky calculated values from 5*02 to 6*79 for the ebnllioscopic constant. 
W. R. Orndoff and G. L. Terrasse calculated the mol. elevation of the b.p. to be 
52*8, and E. H. Harvey and H. A. Schuette, 52*9. The last-named found the 
vapour pressure, ^ mm., to be : 

0 ® 10 ® 20 ® 40 ® 59 ® 80 ® 100 ® 120 ® 138 ® 

p , 3*7 6*4 10-7 28*0 60*0 135*0 257*0 469*7 760*0 

The results can be represented by logiip=7*455U — 1 880.1 H. Acker obtained : 

37 * 65 ® 62 - 22 ® 92 - 98 ® 103 * 7 ® 123 * 2 ® 132 * 5 ® 136 -- 2 ® 

p . 17'1 58*6 192*1 283*3 495*0 651*7 757*3 



!N0H<}AN1(J AND THKOUKTICAL (W^iMlSTRY 


A, W. Hide, uikIM. Trautz gavo,Jk)r tlio vap press., p iiini., sulphur jaouochloride* 

n7*(ir> 5iv()()". 7<)'.”>r so-as* looniv’ lu-o^ J3y.,, 

p. . 17-1 24-8 49-7 84-;? 127-9 ITO-f) 251-5 59S-1 757.5 

atxl he represented the results by log p-^—Q^jAblT hl-Vf) log T+ constant, where 
Qo *-815 Cals. The vap. press, of soln. of sulphur in the nionocliioride : 

firi^ 72*6'^ sro" o:v<r 101*5” i;m” 

p . . 57-4 1)1-5 137-2 212-4 311-0 G33-9 647-2 

The soln. has a])pr()xiniat(dy 57*80 at, ]')er cent, of sulpluir. The heat of vapori- 
25ation is 53*9 cals, per gram. J. Ogi<T gave. 49*1 cals, per grain. H. Acker 
calculated 8500 cals, for the. mol. in^at of va,porization. N. de. Kolossowk}* 
studied the relation between the thermal expansion and the lieat of vaporization. 
J. Thomsen gave for the heat of formation (82KoU(nCL,;aa) = l‘h^5 Cals, for the liquid 
monochloride. J. C. Thomliuson found that the (‘alculated value, 14*933 Cals., agrees 
heat with the assum[)tion that the eoni.ained sulphur is bivalent : Cl — S — S— Gi 
J. Ogier gave 17*6 Cals., and for the gas(‘oua monochloride, 11*0 C^als. M. Traiitz 
found with rhombic sulphur, {2S,(d2)-= uS^CHuciuid 4-14*5 Cals. ; the heat of dissolu- 
tion of chlorine in sulphur inonochlorid(‘ is ^2^'^2n<iTiid4™Clogas”'=='SSClos,oIn.H~9*8 Cals., 
and 82010+3012— 2SCl4aoin. +12 to 14 Cals. M. 'IVautz: studied the. absorption 
spectrum of soln. of sulphur monochlorid(^ in carbon tetrachloride, chloroform, 
('iliylene dichloridii, and benzene. T. Al. Lowry and G. Jessop found that sulphur 
monocbloride is transparent to light of wave-length 5200 A. and 5400 A. ; it has 
a strong maximum absorption in the iiltra-vioh't, log e lunng 3*8 at 2660 A., but it 
cannot be estimated photometrically on account of the absorption of ultra-violet 
light by the dichloride. H. Becquerel gave, 0*984 for the magnetic rotary power 
for sodium light, and for tlie index of refraction, 1 *6460 ; T. Costa gave for the 
D- and 0- lines -respectively 1*666 and 1*657 ; and F. Martens, for the (?-, F-, 
and Tl-linos, respectively 1*707, 1*688, and 1*677. P. Walden found sulphur 
monochloride to be an ionizing solvent. H. Schlundt. gavij 4*8 for the dielectric 
constant at 22°. 

A. Leboucher found that hydrogen has no action on sulphur monochloride at 
ordinary terajn A. l^csson and L. Fournier observed that on submitting sulphur 
monochloride to fractionation under atm. press., partial decomposition occurred 
with production of sulphur dichloridc and sulphur. The monochloride is com- 
pletely reduced by hydrogen under the influence of the Hilent electric discharge. 
L. Carius found that when the vapour of sulphur monochloride mixed vdth air, or 
oxygen, is passed through a red-hot tube, the gas burns with a blue flame, forming 
vsulphur di- and tri-uxidcs and chlorine, but not thionyl chloride. AI. Alartens said 
that sul])hur monochloride reddens blue litmus, but H. Davy found that this is not 
the case if the litmus pa})er be dry. T. Thomson observed that the liquid sinks in 
water, and is slowly hydrolyzed into hydrochloric and thiosulphuric acids and 
sulphur ; the thiosulphuric acid also decomjioses into sulphurous acid and sulphur 
so that the initial and final products are 2S2CI2+3H2O—4HOI+H2SOS+3S. 
C. F. Bucholz, and H. Eose said that a little sulphuric acid is formed even if the 
rUonochloride contains an excess of sulphur ; and M. J. Fordos and A. Gelis observe 
that a little pentathionic acid is formed. H. Eose added that 10 days after mixing 
the monochloride with water some thiosulphuric acid can be detected in the soln., 
and that about three-fourths of the total sulphur separates as elemental sulphur. 
L. Carius, and H. L. Olin assumed that the first stage of the hydrolysis furnish^ 
sulphur dioxide and hydrogen sulphide ; S2Cl2+2H20=H2vS+S02+2HCl, which 
then interact to form thiosulphuric acid, etc. This equation, said H. 
entirely hypothetical ; it is not supported by experiments; and it is advanced by 
L. Carius as an argument in favour of his view of the constituent of the 
chlorides. Sulphur monochloride dissolves in ap aq. soln. of sulphurous acid without 
the precipitation of sulphur, but the smallest quantity of hydrogen sulphide, even 
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with a large excess, produces an immediate precipitate of sulphur. The formation 
of hydrogen sulphide required hy L. Carius's equation does not therefore occur. 
He therefore favoured the former view that water decomposes the nionochloride 
into thiosulphuric acid, sulphur, and hydrochloric acid : 2 S^iCl 2 ~ 3 H 20 
=H2S203-r4HCl-r2S. B. Heumann and E. Fuchs, however, considered that 
li. Carius’s equation represents the course of the reaction whicli is followed hy a 
subsequent reaction between the sulphur dioxide and hydrogen sulphide. After 
complete decomposition hy hoiling for several hours, the sulphur was found to be 
present as follows : as separated sulphur, 29-80 ; colloidal, 35-14 ; as trithionic 
acid, 4-84 ; as tetrathionic acid, 9-09 ; as pentathionic acid, 18*26 , as sulphuric 
acid, 1*00 ; as sulphurous acid, 0-31 ; as hydrogen sulphide, 0*57 ; total, 99-0 jier 
cent, of the sulphur present. B. Hoack said that the end-products of the reaction 
are the same as in the reaction between sulphurons acid and hydrogen sulphide ; 
a slight difference in the amount of sulphuric acid produced in the absence of air, 
is attributed to the oxidizing action of a small quantity of a higher sulphur chloride. 
If is assumed that the first stages of the reaction can be represented hv 
S2Cl2"r2H20->S2(0H)2+2HCi ; S2(0H)2t=^H2S-l-S02 and the presence of sulphur 
dioxide and hydrogen sulphide can be demonstrated. Attempts to prepare the 
assumed intermediate compound H2S2O2, however, by the action of hydrogen 
sulphide on sulphur dioxide in the absence of water, e.q. in alcoholic soln., or by 
passing hydrogen sulphide into liquid sulphur dioxide, failed. The reaction under 
such conditions proceeds thus : 2H2S+S02“^2H20+3S. A. Lehoucher found that 
one vol. of sulphur monochloride, sp. gr. 1*737, at —20° absorbs 310 vols. of chlorine. 

L. Carius found that well-cooled sulphur monochloride absorbs chlorine, forming 
a dark, reddish-brown liquid which gives oh chlorine as soon as it is removed from 
the freezing mixture. He said that at —6° to —8° the monochloride forms a soln. 
of 71*67 per cent, total chlorine ; at 0*4° to — 2*5°, 70 to 70*39 per cent. ; at 6° to 
6*4°, 69*18 per cent. ; and at 20°, 6*78 per cent. — ^the theoretical value for SCi4 is 
81*61 per cent., and for SCI2, 68*87 per cent. The behaviour of mixtures of chlorine 
and sulphur monochloride has been previously discussed. B. Beckmann found that 
the mol. wt. of the monochloride in liquid chlorine or bromine is normal. G. Chevrier 
found that sulphur monochloride dissolves bromine and iodine, and that the soln. 
boil below 136°. P. Hautefeuille found that hydriodie acid reacts with sulphur 
monochloride at ordinary temp., forming hydrochloric acid, iodine, sulphur io^de, 
and finally hydrogen sulphide. H, Feigel found that a benzene soln. of sulphur 
monochloride after a month’s action on mercurous chloride at ordinary temp., 
forms a little mercuric chloride ; cuprous chloride forms a little cupric chloride and 
sulphur. Sulphur monochloride in the presence of water transforms CUpric chloride 
into cupric sulphide, but lead chloride under similar conditions suffers no 
change. 

H. Kose, C. F. Bucholz, and A, B. Berthollet observed that sulphur monochloride 
dissolves a large proportion of sulphur, especially when heated ; it then forms a 


syrupy liquid from which, on cooling, sulphur continues to 

separate for weeks. When^ saturated at ordinary temp., the — 

soln. has a sp. gr. 1*7, and contains S:C1=4:1. The f.p. 

and h.p. of the mixtures are indicated in Figs. 135, 136. ^ 

T. M. Lowry and co-workers gave Fig. 139 for the -"T \ 

solubility curve of sulphur in sulphur monochloride — vide i 

mfra. D. L. Hammick and M. Zuegintzov found the solu- ^ a ^ 

hility of sulphur in the monochloride to be greater the higher 

the temp, to which the sulphur has been preheated. It is 

thought that the solubility curves indicate the formation of Monochloride” 

a stdpkuT MriiMdichloride, S4CI2, and is not due to a change in 

the inner equilibrium of tbe dissolved sulphur. Observations were also made by 

H. Acker. H. Rose found that hydrogen sulphide reacts with the monochloride, 


Fig. 139. — Solubility 
of Sulphur in Sul- 
phur Monochloride. 


forming hydrogen chloride and sulphur : S2Cl2+H2S=3S~f-2H01, while U. Antony 
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and G. Magri stowed ttat witt tte liquid hydrogen sulphide, a red solii. is formed. 
G. N. Qiiam and J. A. Wilkinson found the sp. conductivity of a sat. soln. of the 
nionochloride in liquid hydrogen sulphide to be 10*340 X 1 0^ mhos. H. Prinz foxmd 
that liquid sulphur dioxide and sulphur monochloride are completely miscible at 
ordinary temp.,, and that they do not act on one another even at 100°. H. Debns’s 
observations on the action of sulphurous acid arc indicated above» A. Besson and 
L. Fournier observed that in the absence of an electric discharge sulphur dioxide 
slowly reacts with the monochloride at 160® to 170®, forming sulphur and sulphuiTl 
chloride. L. Carius said that when heated with calcium sulphite, sulphur mono- 
chloride furnishes calcium chloride and sulphur dioxide. W. Spring and A. Lecrenier 
assumed that when potassium sulphite acts on the sulphur halides, as many mols. 
of potassium sulphate are formed for every molar proportion of free halogen, and 
hence inferred that 6*7 per cent, of the elements of suipliux monochloride are present 
in the free state, a conclusion not very aocepta])le. H. Rose found that when cooled 
below 0®, 5 mols. of sulphur trioxide vapour are absorbed ])er mol. of the mono- 
chloride, forming a brown liquid which turns yellow and from which the sulphur 
trioxide separates in the crystalline form. The resulting complex may be a mixture 
or sulphur fentahydrosulfliatocliloride^ S2CL.5SO3. If the brown soln. be kept for 
24 hrs. in a closed vessel at 0°, it regains its yellow colour provided the sulphur 
trioxide is not in excess. At temp, below 0®, no sulphur trioxide escapes, but a few 
degrees above that temp., the gas is vigorously evolved. When the liquid is heated 
in a retort, it soon boils with the violent evolution of sulphur dioxide, and if the 
sulphur trioxide be not in excess, the evolution of sulphur dioxide continues as the 
temp, gradually rises. Between 30® and 40®, sulphur monochloride passes over, 
then an admixture of pyrosulphuryl chloride, and lastly, at 145®, the pyrosulphnryl 
chloride alone is evolved. The admixture can be separated by fractional distiDa- 
tion. When sulphur monochloride is treated with a large excess of sulphur trioxide, 
a thin blue liquid is formed — or a solid if a very great excess of trioxide is used. 
The mixture becomes colourless when heated, forming a mixture of pyrosulphuryl 
chloride with an excess of sulphur trioxide. If heated still, more, the trioxide 
passes over first, then an admixture with pyrosulphuryl chloride, and lastly, pyxo- 
sulphuryl chloride alone. The blue colour is due to an admixture of sulphur from 
the monochloride with the trioxide, H. Rose also found that sulphur mono- 
chloride, saturated with chlorine, absorbs the vapour of sulphur trioxide until 
sulphur trioxide begins to crystallize out from the liquid. The liquid slowly 
crystallizes. The crystals can be kept a long time without change ; they fume in 
air ; and explode when thrown on water, forming sulphuric and hydrochloric acids. 
Analyses agree with SClg.SOSOg. There is here nothing to show that the product 
is anything but a mixture of, say, sulphuryl chloride and sulphur trioxide. 
According to M. Brault and A. B. JPoggiale, when a mixture of the vapours of 
sulphur monochloride and sulphuric acid is passed through a red-hot tube, sulphur, 
sulphur dioxide, hydrogen sulphide, hydrogen chloride, and chlorine are formed. 
B. Rathke fotmd that the monochloride reacts with selemium, forming sulphur and 
selenium monochloride. F. Krafft and 0. Steiner, and p, W. E. Macivor observed 
that with an excess of tellurium the dichloride is formed ; while V. Lenher found 
that an excess of tellurium dioxide forms the dichloride : Te02+S20l2=TeCl2+^^ 
+SO2 and an excess of sulphur monochloride, the tetrachloride : Te02+2S2t^Ii 
=TeCl4+S02+3S. 

According to M. Martens, ammonia gas reacts with sulphur monochloride, 
forming sulphur tetramminochloride, S2CI2.4NH3, which, when treated with water, 
furnishes sulphur and ammonium chloride and thiosulphate. A. K. Macbeth and 
H. Grhham observed that chloroform soln, of sulphur monochloride and ammonri 
react : 6S2Cl2+16NH3==N4S4+12NH4Cl+8S"“the nitrogen tetrasulphide (7.1?.) is 
precipitated by alcohol and the mother-liquor yields nitrogen pentasulphide and 
hexasulphamide, S6(NH2). A. Leboucher observed that phosphorus readily dissolw 
in sulphur monochloride at 12®-15®, and more is dissolved at 25®~-30°— -at 30, 
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100 grins, of tlie monocliloride can dissolve 56*56 gnus, of pho^pliorus. Aecording 
to H. P. Gfaultiei de ClauLry, pho^pkoms \vitkdrcLW.s ehiorme i’roiii tiie riiono- 
ckloride producing a rise of temp, of 40", and on distilling tlie lic^uid, plio^piionis 
tricMoride distils over, and siilpliur remains. P. Wohler oh.served that >uipii[ir 
monochloride readily dissolves phosjiiiorus with a rise of temp, and forms a pale 
yellow liquid, which, when cooled, deposits phosphorus contaminated with isulpliur. 
and which, when heated, boils explosively. If pieces of phosphorus be added to 
warm sulphur monochloride, sulphur is deposited, and phosphorus triciiioride and 
sulphochloride are formed ; au corttmirc, if sulphur monochloride he dropped into 
molten phosphorus, phosphorus trichloride and a yellow sublimate of phosphorus 
sulphide are produced, and red phosphorus remains belimd. Q. Chevrier said that 
if the phosphorus be not in excess, phosphorus sulphochloride and sulphur are 
formed. E. Baudrimont observed that with phosphorus trichloride the product 
after fractional distillation furnished crystals, which G. Chevrier said were those 
of tMophosphoryl chloride : 3PCi3-l-S2Cl2=ECl5+2PSCl3. A. Michaelis heated 
phosphorus trichloride and sulphur mouochloride in a sealed tube at 160°, and 
obtained phosphorus pentachloride, and sulphochloride : S2Cl2+3PCl3=2PSCl3 
d-PCis. H. Prinz said that phosphorus pentoxide does not produce thionyl 
chloride. A. Leboucher found that at ordinary temp, arsenic has no action on 
sulphur mouochloride. F. Wohler, G. Chevrier, and M. M. P. Muir found that with 
arsenic, sulphur, and arsenic trichloride are formed : 3S2Cl2+2As=2AsCl3-f 6S ; 
and E. Wohler, and G. Chevrier observed that antimony behaves similarly. 
A. Leboucher said that the energetic nature of the action of liquid sulphur mono- 
chloride on powdered antimony is des plus rermrquahles. According to G. Oddo 
and E. Serra, when arsenic trioxide and sulphur monocMoride are heated together 
in a reilux apparatus, they react according to the equation : As406+6S2Cl2=4AsCl3 
+3SO2+9S. The reaction is complete in about an hour, and on cooling, nearly all 
the sulphur formed crystallizes out and the arsenic trichloride can be separated by 
decantation. An analogous change occurs when antimony trioxide is employed. 
H. Prinz observed that no thionyl chloride is formed when the monochloride acts 
on arsenic trioxide or antimony trioxide, or on antimony pentoxide. G. Oddo and 
E. Serra observed that bismuth oxide behaves like arsenic trioxide. L. Wohler 
found that arsenic disulphide, or arsenic trisulphide, reacts with sulphur mono- 
chloride, forming arsenic trichloride and sulphur ; similar results were obtained 
with black antimony trisulphide. A. Leboucher, and H. Eeigel also observed that 
the sulphides of arsenic and antimony are energetically attacked at ordinary temp. 

A. Leboucher observed no action between carbon and sulphur chloride at 
ordinary temp, or at a red-heat. E. Lorand studied its action on petroleum 
hydrocarbons. J. Davy observed that sulphur mouochloride dissolves carbonyl 
chloride ; and A. B. Berthollet, that it readily mixes with carbon disulphide. 
A. Muller and H. Dubois stated that carbon disxilphide reacts with sulphur mono- 
chloride, particularly in the presence of metals or the metal chlorides— e.^, iron, 
or ferric chloride — according to the equation : CS2+2S2CI2—CCI4+6S. R. Schneider 
found that silver cyanide reacts with a soln. of sulphur monochloride in carbon 
disulphide, forming crystals which rapidly decompose into cyanogen sulphide and 
xanthane. Organic compounds containing oxygen form sulphur, hydrogen chloride, 
sulphur dioxide, and organic chlorides with traces of sulphides, and unsaturated 
organic compounds, free from oxygen, yield addition products. Thus, E. Guthrie 
found that ethylene furnishes ethylene disulphochloride, and similarly with amylene. 
The reaction was studied by W. J< Pope and f ellow-workers, and by J. 3. Conant 
and co-workers. E. Lorand found that sulphur monochloride reacts vigorously 
with unsaturated compounds. With normal paraffin hydrocarbons the reaction is 
slow even upon heating, but side-chain paraffin hydrocarbons react more readily. 
The reaction is accompanied by the formation of polymerization products and the 
evolution of hydrogen chloride, and it is suggested that, in the case of paraffins, 
ethylenic linkings are formed, whilst ethylenic compounds }deld two hydrogen 
VOL. X. * 2 T 
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atoms to form hydrogen chloride with the formation of a triple hnking. P. Fried- 
lander and A. Simon examined the action of sulphur monochloride on anthracene. 
L. Carius represented the first stage of the reaction with alcohol : S2CI2+C2H-OH 
=C2H5SH-(-S0Cl2 ; and the second stage : 4C2H5SH-f-3SOCl2==2CoH5Cl 
-1-SO(OC2H5)2+6S+4:HC1. J. B. A. Dumas said that the monochloride dissolves in 
ether when first mixed, but afterwards decomposes with a slight evolution of heat. 

G. C. Chakravarti, and B. Holmberg found that mercaptans react with sulphur 
monochloride, forming polysulphides. W. Heintz, L. Carius, A. Rossing, and 

H. F. Morley studied the formation of dichlorhydrin by the action of sulphur 

monochloride on glycerol, which A. Claus represented by C3H5(OH)3-}-2S2Ch 
=C3H5(H0)Cl2+2HCl+S02+3S ; with glycol, ethylene chlorhy(£in is formed" 
2C3H4(OH)2+2S2Cl2=2C2H4(0H)Cl+2HCl+SO2+3S. K. G. Naik and C. S. Patel 
studied the action of sulphur monochloride on organic acid amides ; G. C. Chakra- 
varti, and S. Ishikawa, on thioamides ; L. Cassella, aromatic amines ; A. Leboucher 
said that essential oils — citron, turpentine, and lavender oils — are energetically 
attacked by sulphur chloride ; there is a rise of temp. , white fumes, probably hydrogen 
chloride, are given ofi, no sulphur is deposited, but the essence thickens, forming a 
yellow, gum-like mass. The fatty oils — ^.g. olive oil — are also attacked with a 
considerable rise of temp., no gas is given ofi, no sulphur is deposited, and the mass 
solidifies on cooling. The vulcanizing action of sulphur monochloride on rubber 
was discussed by C, A. Fawsitt ; when rubber is dipped into a soln. of sulphur 
chloride in carbon disulphide, it is vulcanized by a small quantity of sulphur 
replacing hydrogen — and the evolution of hydrogen can be plainly seen by using a 
cone. soln. of the chloride. M. M. Richter observed that in some cases sulphur 
monochloride reacts towards organic compounds as if it were a mixture of sulphur 
ditritacJiloride, S3CI2, and the dichloride : 2S2Cl2==SCl2+S3Cl2. Thus, with 

23 -chlorophenol it forms S(H0.C6H3C1)2, and S3(H0.C6H3C1)2. R. R. Eudrdkofi and 
E. A. Shilofi found that 40 per cent, of silica is converted to silicon tetrachloride 
when 40 grms. of sulphur monochloride act on 5 grms. of silica at 1000°. 

E. Baudrimont found that when heated with the metals, sulphur monochloride 
furnishes chlorides ; sodium and magnesium are not so easily attacked; aluminium, 
tin, and mercury are readily attacked; zinc, iron, nickel, and copper are. slowly 
attacked. F. W ohler, also, observed that copper, zinc, iron, and nickel are only slowly 
attacked. E. F. Smith and V. Oberholtzer observed that tungsten forms a complex 
chlorosulphide, and similarly with molybdenum. N. Domanicky found that the 
reaction between sulphur monochloride and the metals is favoured by the presence of 
dry ether, with which the metallic chlorides form complexes, and so enhance the 
thermal efiect of the reaction. Under these conditions, magnesium, zinc, aluminium, 
tin, iron, mercury, and gold are readily converted into their chlorides or etherates 
of the latter. On the other hand, the alkali metals, calcium, cadmium, thallium, 
lead, manganese, cobalt, nickel, copper, silver, and platinum react either not at all 
or with extreme slowness. The metals which do react either (i) give chlorides which 
readily form etherates, as is the case with zinc, alunoinium, tin, and bismuth, or 
(ii) give chlorides which are readily fusible and volatile and approximate in thdr 
properties to the chloro-anhydrides ; in correspondence with the latter, the higher 
chlorides are mostly formed, for instance, ZrCl4, FeCls, HgCl2. Univalent metals 
do not react, and bivalent metals (excepting mercury), at all, react with far greater 
difficulty than ter- and quadxi-valent metals. It is probable that other met^, 
giving volatile higher chlorides, such as titanium, germanium, and the lik^ 
also react readily with sulphur chloride and ether. R. Nicolardot observed 
that ferrosilicon, ferrotitanium, and ferrochromium are opened up in way. 
G. Chevrier said that boiling sulphur monochloride does not attack sodium ; at 
ordinary temp., potassium is slightly attacked, but when the liquid is warm^ 
mie violerUe detonation is produced ; A. C. Vouxnasos reduced the monochlonde 
in the form of vapoux by heated potassium : S 2 Cl 2 H- 4 K= 2 KCl+K 2 S 2 . G. Ghevn^ 
fotmd that tin is vigorously attacked : Sn+S2Cl2=SnCl2+2S ; and when agitated 
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with mercTuy, a vigorous action occurs, and mercuric chloride is formed — ^if tlie 
sulpliiir monocMoride be in excess, mercurous chloride is formed. A. Leboucher 
found that sodium, potassium, copper, silver, zinc, mercury, tin, and lead form 
sulphides and chlorides, while platinum is not attacked by bn ilin g sulphur mono- 
chloride. According to E. H. Harvey, cohalt and chromium were not aileeted 
by sulphur monochloride ; the change with nickel, cadmium, lead, and silver was 
small; hut aluminium, copper, arsenic, antimony, and manganese were badly 
attacked at room, temp- after a year’s exposure. A. Leboucher observed no action 
on the metal osides at ordinary temp. ; with many metal siilpMdes there is no 
perceptible action at ordinary temp., but sulphides of iron and lead are feebly 
attacked. H. Eeigel found that a boiling benzene soln. of sulphur monochloride 
slowly reacts with zinc sulphide, forming a complex compound of zinc chloride and a 
thiophenyl-derivative ; similar results were obtained with bismuth, lead, and calcium 
sulphides ; silver sulpMde forms some silver chloride and sulphur ; mercury sulphide 
forms a sulphochloride, Hg(SCl)2 ; and stannic sulphide forms the chloride. 

According to O. Ruff and H. Golla, aluminium chloride forms with sidphur 
monochloride the complex aluminium tetrasulphoheptachloride, AICI3.2S2CI2 ; 
when heated, aluminium sulphopentachloride, AICI3.SCI2, is formed; when the 
original mixture contains free sulphur in the correct proportions, and is heated in a 
sealed tube, aluminium hexasulphoheptacUoride, AlCis.SSgCIs, and aluminium 
octosulpholieptaciiloride, AICI3.2S4CI2, are formed, and when the latter is extracted 
with carbon disulphide, aluminium telxasulphotrichloiide, AICI3.2S2, is formed, and 
a prolonged extraction leaves aluminium disulphotrichloride, AICI3.S2. If aluminium 
is heated with sulphur monochloride, aluminium tiisulphotrichloride^ .AiCls-Sa, 
is formed. According to G. Oddo and U. Giachery, the reaction, 2 HgO +282012 
=2HgCl2+S02+3S, occurring when mercuric oxide is added gradually to sulphur 
monochloride, proceeds with greater rapidity and is accompanied by the develop 
ment of a large amount of heat. The yield of mercuric chloride is almost theoretical. 
The vapour of sulphur monochloride passed over many heated and’ metal oxides or 
minerals opens ” them up for analysis so that they are accessible to the usual 
solvents — e,g. R. D. HaU, E. F. Smith, and H. B. Hicks opened up the oxides of 
columbium, tantalum, titanium, aluminium, and iron ; and in consequence the 
process can be used for preparing the volatile metal chlorides from the oxides ; 
silica and boric oxide are not affected, but chromic oxide is slowly attacked. 
P. P. Budnikoff and E. A. Shiloff said that at 1000® about 40 per cent, of silica 
is converted to silicon tetrachloride in an hour. F. Bourion, and B. Defacqz 
opened up tungsten oxide, zirconium oxide, thorium oxide, and the rare 
earth oxides ; R. W, E. Maclvor, and V. Lenher, the native tellurium minerals ; 
F. Wohler, and E. Baudiimont, stannous sulphide; and H. Rose, cinnabar. 
E. F. Smith opened up the oxides of tantalum, columbium, tungsten, tin, zirconium, 
vanadium, molybdenum, and tuugsten as weK as the minerals wolframite, scheelite, 
and columbite. Stibnite, chalcocite, arsenic trisulphide, arsenopyrite, chalcopyrite, 
cinnaharite, tetrahedxite, marcasite, and pyrites are decomposed at 140 ® ; linnaeite, 
miilerite, gersdorffite, and rammelsbergite are decomposed at 170 ® ; cohaltite, 
smaltite, and ullmannite are decomposed at 180 ® ; sphalerite, and galenite are 
decomposed at 250 ® ; and molybdenite at 300 ®. P, P. Budnikoff and E. A. Shiloff 
obtained phosphorus trichloride by the action of sulphur monochloride on calcium 
phosphate at about 1000®. 

Sulphnx monochloride is used in the vulcanization of nibbex ; as a chlorinating 
agent in organic chemistry- — e.g, in the manufacture of mono- and di-chlorohydxin ; 
as an opening agent for some minerals ; and F. von Konek described its use in the 
preparation of some sulpho-dyes. J. Vosseler suggested its use as an insecticide ; 
and L. de Rigaud, in the extraction of gold. 

A. B, BerthoUet observed that the cUorination of sulphur occurs in two stages — 
the first product is orange, the final product is red. J. B. A, Durdas showed that 
vapo^ix density determinations, and analyses agreed with the respective formulae 
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atoms to form liydiogen chloride with the formation of a triple linking. P. Pried- 
lander and A. Simon examined the action of sulphur monochloride on anthracene. 
L. Carius represented the first stage of the reaction with alcohol : S 2 CI 2 +C 2 H-OH 
=C2H5SH-j-SOCl2 ; and the second stage : 4C2H5SH4-3SOCl2=2C2H5Ci 
+S0(0C2H5)2+6S+4:HCL J. B. A. Dumas said that the monochloride dissolves in 
ether when first mixed, but afterwards decomposes with a slight evolution of heat. 

G. C. Chakravarti, and B. Holmherg found that mercaptans react with sulphur 
monochloride, forming polysnlphides. W. Heintz, L. Garins, A, Rossing, and 

H. F. Morley studied the formation of dichlorhydrin by the action of sulphur 
monochloride on glycerol, which A. Claus represented by C3H5(OH)g-(-2S2Ci2 
=C3H5(H0)Cl2+2HCl+SO2H-3S ; with glycol, ethylene cklorhydxin is formed* 
2C2H4(0H)2+2S20l2=2C2H4(0H)Cl+2HCl+S02H-3S. K. G. Naik and C. S. Patei 
studied the action of sulphur monochloride on organic acid amides ; G. C. Chakra- 
varti, and S. Ishikawa, on thio amides ; L. Cassella, aromatic amines ; A. Lehoucher 
said that essential oDs — citron, turpentine, and lavender oils — are energetically 
attacked by sulphur chloride ; there is a rise of temp., white fumes, probably hydrogen 
chloride, are given off, no sulphur is deposited, but the essence thickens, forming a 
yellow, gum-like mass. The fatty oUs—e.g. olive oil — are also attacked with a 
considerable rise of temp., no gas is given off, no sulphur is deposited, and the mass 
solidifies on coohng. The vulcanizing action of sulphur monochloride on rubber 
was discussed by C, A. Fawsitt ; when rubber is dipped into a soin. of sulphur 
chloride in carbon disulphide, it is vulcanized by a small quantity of sulphur 
replacing hydrogen — and the evolution of hydrogen can be plainly seen by using a 
cone. soln. of the chloride. M. M. Richter observed that in some cases sulphur 
monoohloride reacts towards organic compounds as if it were a mixture of suljphur 
ditritackloride, S3CI2, and the dichloride : 2S2Cl2=SCl2+S3Cl2. Thus, with 
25-chlorophenol it forms S(HO.CeH 3 Cl) 2 , and S 3 (HO.C 6 HgCl) 2 . P. P. Budnikoff and 
E. A. Shiloff found that 40 per cent, of silica is converted to silicon tetrachloride 
when 40 grms. of sulphur monochloride act on 5 grms. of silica at 1000°. 

E. Baudrimont found that when heated with the metals, sulphur monochloride 
furnishes chlorides ; sodium and magnesium are not so easily attacked; aluminium, 
tin, and mercury are readily attacked; zinc, iron, nickel, and copper are. slowly 
attacked. F. Wohler, also, observed that copper, zinc, iron, and nickel are only slowly 
attacked. B. F. Smith and V. Oberholtzer observed that tungsten forms a complex 
chlorosulphide, and similarly with molybdenum. N. Domanicky found that the 
reaction between sulphur monochloride and the metals is favoured by the presence of 
dry ether, with which the metallic chlorides form complexes, and so enhance the 
thermal effect of the reaction. Under these conditions, magnesium, zinc, aluminium, 
tin, iron, mercury, and gold are readily converted into their chlorides or etherates 
of the latter. On the other hand, the alkali metals, calcium, cadmium, thaUium, 
lead, manganese, cobalt, nickel, copper, silver, and platinum react either not at all 
or with extreme slowness. The metals which do react either (i) give chlorides which 
readily form etherates, as is the case with zinc, aluminium, tin, and hisninth, or 
(ii) give chlorides which are readily fusible and volatile and approximate in their 
properties to the chloro-anhydrides ; in correspondence with the latter, the higher 
chlorides are mostly formed, for instance, ZrCl^, FeClg, HgCl 2 . Univalent metals 
do not react, and bivalent metals (excepting mercury), if at all, react with far greater 
dijGficulty than ter- and quadri-valent metals. It is probable that other metals, 
giving volatile higher chlorides, such as titanium, germanium, and the hk^ 
also react readily with sulphur chloride and ether. P. Nicolardot observed 
that ferrosilicon, ferrotitanium, and ferrochromium are opened up in this way. 
G. Chevrier said that boiling sulphur monochloride does not attack sodium ; at 
ordinary temp., potassium is slightly attacked, but when the liquid is warm^ 
um violente detonation is produced ; A. C. Vomrnasos reduced the monochlonde 
in the form of vapour by heated potassium : S 2 CI 2 + 4 K— 2 KCl-(-X 2 S 2 - 
found that tin is vigorously attacked : Sn-l-S 2 Cla=SnCl 2 + 2 S ; and when agitated 
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with mercury, a vigorous action occurs, and mereuxic chloride is formed — the 
sulphur monochloride he in excess, mercurous chloride is formed. A. Leboucher 
found that sodium, potassium, copper, silver, zinc, mercury, tin, and lead form 
sulphides and chlorides, while platinum is not attacked by boiling sulphur mono- 
chloride. According to E. H. Harvey, cobalt and chromium were not afiected 
by sulphur monochloride ; the change with nickel, cadmium, lead, and silver was 
small; but aluminium, copper, arsenic, antimony, and manganese were badly 
attacked at room. temp, after a year’s exposure. A. Leboucher observed no action 
on the metal oxides at ordinary temp. ; with many metal sulphides there is no 
perceptible action at ordinary temp., but sulphides of iron and lead are feebly 
attacked. H. Eeigel found that a boiling benzene soln. of sulphur monochloride 
slowly reacts with zinc sulphide, forming a complex compound of zinc chloride and a 
tMophenyl-derivative ; similar results were obtained with bismuth, lead, and calcium 
sulphides ; silver sulphide forms some silver chloride and sulphur ; mercury sulphide 
forms a sulphochloride, Hg(SCi)2 ; and stannic sulphide forms the chloride. 

According to 0. EuS and H. GoUa, aluminium chloride forms with sulphur 
monochloride the complex aluminium tetrasulphoheptachloride, AICI3.2S2CI2 ; 
when heated, aluminium sulphopentacMoride^ AlCl3.SCi2, is formed; when the 
original mixture contains free sulphur in the correct proportions, and is heated in a 
sealed tube, aluminium hexasidphoheptachloride, AlCi3.2S3Cl2, and aluminium 
octosulphoheptachloride, AICI3.2S4CI2, are formed, and when the latter is extracted 
with carbon disulphide, aluminium telxasulphotriehloride, AICI3.2S2, is formed, and 
a prolonged extractionleaves aluminium disulphotriehloride, iilCl3.S2. If aluminium 
is heated with sulphur monochloride, aluminium trisulphotrichloride, ,A1C13.S3, 
is formed. According to G. Oddo and U. Giacheiy, the reaction, 2HgO-|-2S2Cl2 
=2HgCl2-f-S02-f 3S, occurring when mercuric oxide is added gradually to sulphur 
monochloride, proceeds with greater rapidity and is accompanied by the develop 
meat of a large amount of heat. The yield of mercuric chloride is almost theoretical. 
The vapour of sulphur monochloride passed over many heated and' metal oxides or 
minerals “ opens ” them up for analysis so that they are accessible to the usual 
solvents — e.g. E. D. Hall, E. F. Smith, and H. B. Hicks opened up the oxides of 
columhium, tantalum, titanium, aluminium, and iron ; and in consequence the 
process can he used for preparing the volatile metal chlorides from the oxides ; 
silica and boric oxide are not afiected, hut chromic oxide is slowly attacked. 
P. P. Budnikoi5 and E. A. Shilofi said that at 1000° about 40 per cent, of silica 
is converted to silicon tetrachloride in an hour. F. Bourion, and E. Defacqz 
opened up tungsten oxide, zirconium oxide, thorium oxide, and the rare 
earth oxides ; E. W. E. Macivor, and V. Lenher, the native tellurium minerals ; 
F. Wohler, and E. Baudiimont, stannous sulphide; and H. Eose, cinnahar. 
E. F. Smith opened. up the oxides of tantalum, columhium, tungsten, tin, zirconium, 
vanadium, molybdenum, and tungsten as well as the minerals wolframite, scheelite, 
and columbite. Stibrdte, chalcocite, arsenic trisulphide, arsenopyrite, chalcopyrite, 
cinnabarite, tetrahedrite, marcasite, and pyrites are decomposed at 140° ; linnaeite, 
miUerite, gersdorffite, and rammelsbergite are decomposed at 170°; cobaltite, 
smaitite, and ullmannite are decomposed at 180° ; sphalerite, and galenite are 
decomposed at 250° ; and molybdenite at 300°. P. P. Budnikofi andE. A. Shilofi 
obtained phosphorus trichloride by the action of sulphur monochloride on calcium 
phosphate at about 1000°. 

Sulphur monochloride is used in the vulcanization of rubber ; as a chlorinating 
agent in organic chemistry — e.g. in the manufacture of mono- and di-chloiohydrin ; 
as an opening agent for some minerals ; and F. von Konek described ite use in the 
preparation of some sulpho-dyes. J. Vosseler suggested its use as an insecticide ; 
and L. de Rigaud, in the extraction of gold. 

A. B. BerthoHet observed that the chlorination of sulphur occurs in two stages — 
the first product is orange, the final product is red. J. B. A. Dumas showed that 
vapom density determinations, and analyses agreed with the respective foxmulse 
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<uu[ SCL. 1. JC A. J)iaiia8, and B. Soubcirau pr€i)ared sulphur dichloride, 
SCU, by [ja.'iaing dry chlorine in (‘xcess for many days over flowers of sidpliiir, and 
distilling tlie liquid between 60'’" and 7(E, The distillate contains some snlpliiir 
rnonocliloride, and it is rectified by repeated distillation in a current of chlorine. 
J. Dalzicd and T. E. Thorpe, T. (bsta, and H. Hdbner and A. Guerout saturated 
well-cooled sulphur monochloride with chlorine, and expelled the excess of 
clilorine by the passage of a current of drie<I carbon dioxide for many hours. 
L. Carius used a somewhat similar process. E. Beckmann ’warmed a soln. of sulphur 
monochloride in liquid chlorine at room temp, and froze from the soln. a product of 
this composition. According to W. J, Pope and C. T. Heycock, the employment of 
one per cent, hy weight of finely powxlered absorbent charcoal as a catalyst greatly 
facilitates tlie reaction bet\veen chlorine and sulphur monochloride ; and sinnlariy 
when sulphur dichloride is exposed to conditions which lead to its decomposition 
into chlorine and monockldride, recombination is facilitated by similar means. 
Analyses made by H. Davy, J. B. A. Dumas, L. Carius, J . Dalziel and T. E. Thorpe, 
and H. Hiibner and A. Guerout agreed with the forixmla SCI2. E. Beckmann and 
E. Junker calculated 147 for mol. wt. from the effect of the dichloride on the b.p. of 
carbonyl chloride ; 147, with ethyl chloride ; and 226 with sulphur dioxide. 
T. Costa, from the effect of the dichloride on the f.p). of acetic acid, gave 103 for the 
mol. wt., and 97 to 103 from its effect on the f.p>. of benzene ; whilst E. Beckmann 
o])tained 99 to 103 from its effect on the f.p. of sulphur monochloride. The value 
calculated for SCl^ is 103. E. Beckmann said that the mol. wt. deduced from 
effect on the b.p. and f.p. of liquid chlorine agrees with the formula SCI2. G. Oddo 
also found that the effect on the f.p. of benzene, and the b.p. of benzene and carbon 
tetrachloride, agree with this formula. It is supposed that some of the dichloride 
mav be practically decomposed in the hot soln. : 2SCL>^S2Cl2+Cl2 ; 5SCl2=2S2Cl2 
+SOI4+CI2 ; or 17SCl2=8S2CL+SCl4+7Cl2. E. B.^R. Prideaux represented the 
electronic structure : 
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There has been some discussion as to the real existence of sulphur dichloride 
because L. Carius found that the amount of chlorine contained in the liquid over 
and above that required by the formula is altogether dependent on the temp., 
and he assumed that the product analyzed by J. B. A. Dumas, etc., was really a 
mixture of S2CI2+SCI4, the latter component had not been at that time isolated, 
J. Dalziel and T. E, Thorpe, however, added that it is not likely that the results by 
H. Htihner and A. Gueroult and tbemselves can' be the results of an accidental 
coincidence. The mol. wt. determinations of the mixture S2CI2+CI2 would be 
reported the same as of 2SCI2. H. Rose reported complexes 2ASCI2.SCI2, and 
E. Guthrie, complexes C„Il2>iSCl2 ; and J. Dalziel and T. E. Thorpe showed that 
when the product of the action of chlorine on sulphur boiling below 136° is distffled, 
only a small proportion collects at that temp., but at each redistillation^ the liquid 
becomes lighter in colour, and finally, by a long-co,ntinued ebullition, it assumes 
the bright yellow tint of monochloride and boils at 136°“137°. Hence some com- 
pound of chlorine and sulphur is present in addition to the monochloride, and it ^ 
only decomposed very slowly on distillation to form the monochloride. As indicated 
above, A. H. W. Aten, and T. M. Lowry and G. Jessop obtained definite evidence 
of the existence of the dichloride — vide Fig. 136. F. Isambert found that the vap. 
press, of soln. of chlorine in sulphur monochloride, between 4° and 10°, vary con- 
tinuously with the amount of chlorine dissolved, and show no evidence of chemcal 
combination. At lower temp. A. Michaelis and 0. SchiSerdecker obtained 
of the formation of tetra- and di-chlorides. A soln. of monochloride at 
absorbs chlorine to form. sulphur tetrachloride, and as the temp, rises, the 
boils, and gives off chlorine. They estimated that at — 22° the liquid contame 
100 per cent. 8CI4, at 0*7°, 8-87 per cent. SCI4 and 9M3 per cent. SCI2 ; at 29 , 
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no SCi4, 9345 per cent. SCL, and 6*55 per cent. S^CL : ami at 130', no SCI4. or 
SCL, and 100 per cent. S2CI2. T. Costa, H. Hnbner and A. Gueronlt, E. Beckmann, 
J. Dakiel and T. E. Tkorpe, and A. H. W. Aten consider tkat the existence of this 
compound has been proved, while H. Rose, J. Ogier, L. Garins, G. Chevrier, and 
F. Isambert denied its existence. H. Rose based his objection on the variable 
composition of the red product ; F. Isambert, on the variable vap. press. ; and 
J. Ogier, on the small heat of formation ; and it has been said that from the 
work of 0. Rnfi and G. Fischer, Fig. 136, on pent enfin considerer co'mme definitif, 
A. H. W. Aten based his opinion on the fact that the composition of the 
liquid and vapour phases became almost identical as the composition approached 
82012 , diverged widely on either side ; and again approached one another as the 
composition approached that of the dicMoride — provided time is allowed for combi- 
nation to occur — Fig. 136. He therefore postulated the equilibrium 3SCl2=S2CL 
-rSCl 4 with a temp, coefi. so large that the system deposited SCU at 0" and SCI 4 at 
—30°. T. M. Lowry and co-workers’ f.p. curve — ^Fig. 136 — showed the conditions 
of existence of sulphur dichloride provided that the elements have sufficient time to 
interact and assume the equilibrium condition. The dichloride can he recrystallized 
from light petroleum of h.p. 40° and f.p. —147° by coohng the soln. with liquid air. 
R. P. Bothamley observed that the reaction can be greatly accelerated by the 
addition of 0*5 per cent, by weight of antimony pentachloride. The reaction : 
S 2 Gl 2 +Cl 2 = 2 SCl 2 is completed in about an hour at 19°. There is a period of induc- 
tion, and the reaction is photochemical, for it proceeds rapidly in direct sunlight. 
M. Bergmann and 1. Bloch said that in the formation of trisulphides of benzoic and 
arsenic acids by the action of sulphur dichloride on the potassium salts of the 
thio-acids the sulphur dichloride behaves as a chemical individual If the dichioride 
were a mixture of chlorine or of chlorine and sulphur tetrachloride in sulphur 
monochloride, the action of potassium thiobenzoate should yield a mixture of 
benzoyl di- and tetra-sulphides which might be mistaken analytically for the 
trisuIpMde, but the physical properties are quite difierent. 

Sulphur dichloride is a dark brownish-red liquid which fumes in air, and has a 
smell more resembling chlorine than is the case with sulphur monochloride ; and, as 
indicated above, it can be obtained in crystals. T. Thomson said that it tastes 
sour, hot, and bitter. J. B. A. Dumas gave 1*620 for the specific gravity of the 
liquid ; A. E. Kretofi, 1*622 at 20 °/ 20 ° ; and T. Costa, 1*64819 at 16*4°, E. Rabino- 
witsch studied the molecular volume — 69. J. B. A. Dumas said that the dichloride 
evaporates without decomposition, but R. F. Marchand observed that when 
sulphur dichioride is heated, it behaves like a mixture of chlorine and sulphur 
monochloride, giving off chlorine. L. Carius, and R. F. Marchand did not obtain 
a constant boiling product between 78° and 139°, but at the latter temp, sulphur 
monochloride distilled over. G. Chevrier observed similar results under a reduced 
press. R. F. Marchand said that sulphur dicMoride at ffist boils at 50°, and gives 
off nearly pure cMorine, the h.p. then rises to 64° when the composition of the 
liquid approximates SCI 2 . J. B. A. Dumas found the vapour density to be 3*7 
corresponding with 3*56, the value for a mixture of equal vols. of chlorine and 
sulphur monocHoride. W. Spring and A. Lecrenier estimated from its action on 
potassium sulphite — vide supra, sulphur monochloride — ^that 9*45 per cent, of its 
elements are in the free state. For the melting point, vide Figs. 135 and 136. 
For the action of heat on soln. of chlorine and sulphur monochloride, vide supra, 
and also the observations of F. Isambert, J. Dalziel and T. E. Thorpe, and 
A. Michaelis and 0. Scinfferdeoker. H. Becquerel gave 0*932 for the magnetic 
rotatory power, and 1*6190 for the index of refraction with Na-light ; T. Costa, 
1*57169 for the Haling, and 1*57806 for the Na-line ; and F. F. Martens, 1*566 
and 1*560 respectively for the F- and Tl-lines. For the absorption spectra, vide 
supra. 

R. F. Marchand observed that sulphur dichioride evolves chlorine when exposed 
to sunlight. M. Martens said that the dicMoride reddens dry blue litmus paper. 
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but H. Davy contradicted this statement. As sbown by A. Lebouclier, many of tbe 
properties of tbe supposed sulphur dichloride resemble those of the monochloride 
H. Rose found that the dichloride is slowly decomposed by water, forming hydro- 
chloric and thiosulphuric acids ; some sulphur also separates and a little sulphuric 
acid is formed, E. Solly found that the dichloride dissolves iodine, forming a deep 
red liquid which does not conduct electricity. P. Jaillard obtained a comples:: 
iodine sulphoctocblonde, 2ICI3.SCI2. A. Leboucher found that the dichloride 
dissolves a little more sulphur than the monochloride. L. Carius observed that the 
dichloride acts on potassium sulphate at 150°-160°, and on lead sulphate at 100°, 
forming sulphur dioxide, the metal chloride, sulphuryl chloride, and, if the temp, he 
not too high, sulphur monochloride. J. B. A. Dumas found that with aq. 
sulphur, nitrogen, and ammonium chloride are formed. E. Schenck showed that 
some nitrogen tetrasulphide is formed: 6SCl2+16NH3=N4S4+2S-l-12NH4Cl 
Observations by M. J. Eordos and A. Gelis, O. EuB and E. Geisel, etc., on this subject 
are indicated in connection with nitrogen sulphide. E. Soubeiran observed that 
complexes are formed with ammonia gas — e.g, what he called chlorure de soufre 
ammoniacal, or sulphur diamminodichloride, SCI2.2NH3, in brown flecks which are 
non-volatile — M. Martens said the compound is volatile. It does not redden litmus ; 
it is coloured yellow at 110° and forms ammonium chloride, and what he called chloro- 
sulfure sulfazotique, N2S3.SCI2, it is decomposed by water ; and dissolves in absolute 
alcohol or ether. He also obtained lemon-yellow flecks of chlorure de soufre iiammo- 
niacal, ox sulphur tetrammiuodichloride, SClo.INHs, which is slightly soluble in 
anhydrous alcohol or ether and is thereby decomposed. It loses ammonia when 
heated, forming nitrogen, sulphur, ammonium chloride, and nitrogen sulphide. 
When treated with cold w^ater nitrogen sulphide separates out and subsequently 
decomposes. M. J. Eordos and A. Gelis regarded these ammines as mixtures. 

A. Leboucher said that phosphorus dissolves in sulphur dichloride more readily 
than in the mono chloride. T. Thomson found that nitric acid converts the dichloride 
with violent eflervescence into hydrochloric and sulphuric acids ; the dichloride 
dissolves phosphorus, forming an amber-coloured liquid. H. Eose said that the 
dichloride forms a complex with arsenic trichloride. J. Davy said that the 
dichloride absorbs carbonyl chloride. The dichloride froths up violently when 
treated with alcohol ; and J. E. A. Dumas observed a similar result with ether. 

B. Holmberg studied the action of the dichloride on mercaptan. Organic com- 
pounds containing oxygen were found by E. Guthrie to be more readily attacked 
than is the case with the monochloride ; and with unsaturated organic compounds, 
addition products are formed. J. B. A. Dumas reported that when a piece of 
potassium is dropped into half a gram of the liquid dichloride, a red light is 
often produced after about 40 seconds, and an explosion bursts the containing 

. vessel. When the vapour of the dichloride is passed over red-hot iron or copper 
turnings the metal chloride and sulphide are produced with the evolution of light 
and heat. 

A. Michaelis and 0. Schiflerdecker prepared what they regarded as sulphur 
tetrachloride, BCI4, by saturating sulphur monochloride with sulphur at —20° to 
— 22° ; the analysis of the product agreed with the formula. 0. Eufl obtained a 
similar product by mixing the required quantities of sulphur monochloride and 
liquid chlorine in a sealed tube, and opening it after it had stood for some days. 
The equilibrium conditions are illustrated by Eig. 135. The mobile, yello^h-brown 
liquid is rather redder in tint than sulphur dichloride. E. Beckmann said that the 
white powder begins ho melt at — 30°*, and it is all liquid at — 18°. A. Michaelis 
and 0. Schifferdecker found that the compound rapidly dissociates when the temp, 
rises from —22° to —15°. O. Eufl and G. Fischer said that the tetrachloride melts 
at —30°, and as the temp, rises it gradually decomposes into sulphur monochloride 
and chlorine. The dissociation press, above the m.p. is only a little above one atm. 
Sulphur tetrachloride was found by A. Michaelis and O. Schiflerdecker to be 
posed witb the formation of sulphur dioxide and the separation of sulphur, and, added 
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0 . Euff. tlie kydroijsis is quantitative. .When treated ^ith sulpiiur trioxide, it 
forms tMonyl cHoride : SCl4-rS03=S0Cl2-rS0.2~Cl25 and some pyrosiiiplitiryi 
cMoride appears as a result of tlie action of suipimi trioxide on the thionyl chloride ; 
sulphur dioxide has no action on the tetrachloride ; ■while chlorosulphonic acid acts 
ar 0' like sulphur trioxide, and below 0°, it forms pyrosulphuryi chloride. 0 . Euff 
and G. Fischer could not make a compound of sulphur di- and tetra-chlorides. 
For K. ThieFs observations on the action of sulphur tetrachloride on arsenic and 
antimony trifluorides, silver fluoride, titanium tetrafliioride, stannic fluoride, and 
hydrogen fluoride, vMe supra^ sulphur tetrafluoride. Y. Auger and A. Behai found 
that sulphur tetrachloride reacts with acetic acid : SCi4-r2CB[3COOH=2CH3COCI 
-f S02-r2HCL The constitutional formula may be Cl^^S : S=Cl4, where sulphur 
is sexivalent. T. S. Moore regarded sulphur tetrachloride as an electrolyte, with 
the electronic structure : 


]- a -iH 

T 1 

L:Ci:S:Ci:J 

L:C1:J 


A number of complex salts with sulphur tetrachloride have been described. 
Thus, E. Weber prepared iodine sulpJiohepta chloride y ICI 3 .SCI 4 ; 0. Euff, iodine 
suIpJiodecackloride, 2ICl3.SCi4 ; L. Lindet, gold sulphoheptachloride, AUCI3.SCI4 ; 
E. W'eber, alummium sulphodecachhridey 2AICI3.SCI4 ; 0. Eufl, aluminium sulpho- 
keptacJiloridey AlCi3.SCl4 ; H. Eose, titanium sulpJiododecacJiloride, 2TiCl4.SCi4 ; 
0 - Eufl and G. Fischer, titanium sulphoctochloride, TiCl4.SCl4 ; 0 . Buff, an impure 
zirconium sulphoehloride ; H. Eose, W. T. Casselmann, and 0 . Buff and 6. Fischer, 
sta 7 inic disidphododecachloride, SnCi4.2SCl4; 0 . Eufl, arsenic sidpliohexafiuoteira- 
chloride, 2 ASF 3 .SCI 4 ; H. Eose, E. Weber, 0. Eufl and W. Plato, and 0. Eu2 and 
G. Fischer, ayitimony sulphoenneachloride, SbCi5.SCi4 ; and 0 . Eufl, ferric sidpho- 
JieptacMoride, FeCl3.SCi4. 0 . Eufl observed that no complexes were obtained with 
antimony, tin, or titanium fluorides, or with the chlorides of the uni- or bi- valent 
metals. H. Eose said that the complexes he studied were all resolved by water 
into sulphurous and thiosulphuric acids, and that the latter was afterwards decom- 
posed into sulphurous acid and sulphur. 
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§ 48. SnIpHur Bromides 



A. J. Balarcl i observed tbat siilpliiir dissolves in bromine, forming a reddisb- 
bruwn, oily liquid, lighter in colour than bromine^ and darker than snipliixr mono- 
chloride. This product, on exposure to air, gives off white 
fumes which smell like sulphur monochloride ; it reddens 
dry litmus very feebly, but moist litmus is strongly reddened ; 
it is slowly decomposed by cold water ; and with boding 
water, the decomposition is sometimes attended with a slight 
explosion, forming hydrobromic, and sulphurous acids, and 
hydrogen sulphide. Chlorine decomposes it into sulphur 
cMoride and bromine. H. Rose thought that it is doubt- 
ful if bromine forms a definite compound with sulphur, and 
if any such compound exists, it is decomposed by beat. The 
dissolution of pieces of sulphur in bromine is not attended 
by any sensible rise of temp. When a sat. soln. of sulphur 
in bromine, prepared at ordinary temp., is distilled at a gentle heat, the deep red 
distillate contains 1043 per cent, of sulphur; the fractions collected at succes- 
sively higher temp, contained 21*99, 72*41, and 84*98 per cent, of sulphur, while 
the residue in the retort consists of dirty brown sulphur containing a little 
bromine. 0. Ruff and G. Winterfeld obtained the m.p. of mixtures of hromine 
and sulphur monohromide, and found for the following percentages of bromine : 


70 SO 90 m 
Per cent hrojiine 

Fig. 140. — Portion o£ 
Ifeiting'point Curve 
of Bromine and Sul- 
phur. 


Br . 71*38 75*71 80*51 85-08 90*37 93*03 

M.p. . —39*5® —46° —52° —36° —17-5° —12*5° 


The eutectic at about — 52° has approximately 80 per cent, of bromine. Mixtures 
containing less than 71 per cent, of bromine did not give accurate results because 
of the undercooling followed by the separation of crystals of sulphur. The curve 
is quite regular and shows no indication of the existence of sulphur di- or tetra- 
bromides, and a similar conclusion follows from the sp. gr., and vap. press, curves. 

C. Lowig said that at ordinary temp, bromine dissolves about 30 per cent, of 
sulphur. This corresponds with what is required for sulphur moilobroiiiide» 
82612- C. Lowig added that more sulphur is dissolved by bromine if the temp, is 
raised, but the excess separates out on cooling. M. M. P. Muir mixed stoichio- 
metrical proportions of sulphur and bromine and by repeated fractionation obtained 
an impure monobromide with 70*39 instead of 71*38 per cent, of bromine. The 
monobiomide is partially decomposed into its elements during distiUatioii. Accord- 
ing to O. Rnff and M. Wenzel, the pure monobromide can be obtained by heating 
the required proportions of the constituent elements in a sealed tube at 100°. The 
garnet-red liquid was distilled in vacuo, in thoroughly dried vessels, and the mono- 
bromide well protected from the moisture of the atm. E. Beckmann also obtained 
the monohromide by freezing a mixture of the two elements ; H. L. Snape, by 
heating sulphur dicMoride with an excess of potassium bromide in a sealed tube ; 
and A. Besson, by heating thionyl bromide or chlorobromide in a sealed tube at 150° : 
4SOBr2=6Br+S2Br2+2S02. G. Korndorfer obtained it by the action of hydrogen 
sulphide on bromine as a by-product in the preparation of hydrogen bromide. 

G, Korndorfer observed that sulphur monobromide is a ruby-red, oily, heavy 
liquid which does not wet the glass wails of the containing vessel ; and, added 
M. M, F. Muir, it fumes sKghtly in air ; it reddens blue litmus ; and has an odour 
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resembling tliat of sulphur monochloride. J. B. Hannay gave 2*62 at 4° for the 
specific graYity, As the sp. gr. of the mixed components is 2-515, the mixfctire is 
denser by 0*11 than is indicated by the mixture rule ; there is therefore a 4-34 per 
cent, contraction on mixing the constituents. 0. Ruff and G. Winterfeld gave 
2-6355 for the sp. gr. at 20° and 762 mm. press., and for mixtures containing 80*88 
91-96, and lO’O ])er cent, of total bromine respectively, 2-7896, 2-9650, and 3-120o! 
J. B. Hannay found the sp. gr. of mixtures in the following molar proportions ; and 
the diherences between the observed sp. gr. and those calculated by the mixture 
rule were : 




Sa: Br 

S:Br 

S:Br, 

S : Brg 

SrBr* 

Sp . gr. , 

2*293 

2-426 

2-628 

2*820 

2-880 

2-905 

Diff. 

, 0*011 

0*065 

0-108 

0-150 

0-129 

0-125 


Jiach increment of bromine doubles the increment in sp. gr. up to a maximum effect 
with S : Br 2 ; there is no sudden change at S : Br. I. I. Saslowsky studied the con- 
traction which occurs when the monobromide is formed from its elements. The 
melting point is — 40°. 0. Ruff and G. "Winterfeld’s observations on the m.p. of 

mixtures of bromine and sulphur are indicated above. Fig. 140. J. B. Hannay 
observed that except when the proportion of bromine was very large, the mixtures 
would not freeze, but became thick like tar. It seems strange that mixtures of 
bromine and sulphur should remain liquid, below the temperature at which bromine 
freezes, yet this is the case : in fact SBr is quite liquid when bromine is solid. At 
temp, approaching ~"30° the mixture only becomes more viscid. Both H. Rose, and 
J. B, Hannay observed that on distilling the liquid obtained by mixing equi-atomic 
proportions of sulphur and bromine, it decomposes so that the first part of the distil- 
late is nearly pure bromine, but the percentage of sxilphur gradually increases with 
rise of temp. The liquid begins to boil at about 72°, but the boiling point rises 
continuously till the b.p. of sulphur is attained. By talcing portions of the distillate 
])etween two selected temp., a distillate of any desired composition can be obtained. 
The largest proportion of the liquid distils over between 190° and 230° ; and if this 
portion be redistilled, it does not yield a definite fraction with a fixed b.p. 
M. M. P. Muir found that by submitting the ruby-red monobroinide to distillation, 
it began to boil at about 60°, and the temp, rose steadily until it neared 190° ; it 
then slowly crept up to 200° ; on reaching which point it again more quickly 
ascended to 220° ; the residue in the retort now became nearly solid. The fraction 
190° to 200°, collected separately, amounted to fuUy one-half of the entire liquid. 
The analysis of this fraction gave numbers in fair agreement with S 2 Br 2 , but on 
redistilling this liquid, dried by contact with calcium chloride, it continued to 
decompose so that a fraction boiling a few degrees lower than the first fraction con- 
tained 8 per cent, more bromine. Hence, it was concluded that at ordinary temp, 
sulphur and bromine unite to form a compound SBr or S 2 Br 2 ; that heat causes a 
gradual dissociation of the mols. of this substance, but that even at 190°, mols. having 
the above atomic structure preponderate in the vapour ; on removing the products 
of decomposition from the sphere of action, a further dissociation sets in, and these 
phenomena repeat themselves until the whole of the compound mols. are split upl 
If a current of dry carbon dioxide be passed for 6 hrs. at 15°, through a mixture of 
sulphur with more bromine than is needed to form the monobromide, the residue 
approximated fairly well with S 2 Br 2 ; similar results were obtained at 50° and at 
90°. The gradual dissociation of the monobromide is illustrated by J. B. Hannay’s 
experiment in which dry air, at 16°, was passed through 5 grms. of the liquid mono- 
hromide, and the loss in grams measured after each passage of 4 litres per hour : 

1 23 45 6 78 9 30 hrs. 

0-0285 0-0282 0-0280 0-0275 0-0271 0-0263 0-0254 0-0246 0-0230 0*021 

The total loss after 12 hrs.’ treatment was 0-2985, showing that at 16° the monohro- 
mide can he completely dissociated in a current of air leaving a residue of sulphur. 
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0. Rnfi and G. Winterfeld foiind for tke vapour piBSSTire of soln. of snlpkiir in 
bromine : 

Br . 71*38 74*53 77*91 83*32 83*92 90*90 100*0 per cent. 

p . 2-9 22*5 39*0 73*2 80*0 126*2 174*5 mm. 

They observed that the monobromide can be distilled at 57'^-58^ and 0-22 mm. press. ; 
at 54^ and 0*18 mm. ; and at 52-5*^ and 0*145 mm. press. W. Spring and A. Lecre- 
nier inferred Lrom tke efiect of snlpknx monobromide on potassium snlpMte — 
siqyra. sulpknr monockloride — ^tkat it contains 27*11 per cent, of bromine in tke free 
state, and tke amount dissociated is greater, tke more tke composition deviates 
from SoBr2. G. Oddo and M. Tealdi observed tkat tke molecular WffiigM calculated 
from tke e:Sect on tke f.p. of pkospkoryl cbloride corresponds witk S2Br2 ; and 
E. Beckmann, and W. Finkelstein likewise from its effect on tke f.p. of bromine. As 
indicated above, H. Rose observed tkat no sensible rise of temp, occurs wken 
pieces of sulpkur are dissolved in bromine ; J. B. Hannay observed that in tke 
formation of S2Br2 from its elements a little beat is evolved ; and M. M. P. IT nir 
added tkat wken sulpkur is added to bromine, tke solid floats on tke surface of tke 
liquid and in time sinks down and is dissolved witk but a slight rise of temp., w'kereas 
if tke mixture be well shaken tke sulpkur dissolves very quickly witk a considerable 
rise of temp. J. Ogier gave for tke heat of formation, from solid sulpkur, 
(S2,Br2)=10*0, 2*0, and 1*8 Cals, respectively, witk gaseous, liquid, and solid bromine. 
H. Becquerel gave 1*7360 for tke index of refraction, and 1*942 for tke magnetic 
rotatory power ^vitk red-light. 0. Ruff and G, Winterfeld found tkat for tke ray 
of wave-iengtk 782 mm., tke index of refraction ju.=2*6268 calculated from 
p,=:(A2“Sin2 a)^, where A=l*62098, and a=l° 30C Tke absorption spectram 
has a band in tke red between 652 and 782 mm. with tke ma x i m um clearness at 
782 mm. J. B. Hannay found tkat with soln. containing S : Br in tke molar pro- 
portion 3:1, tke spectrum of bromine above tke liquid did not show tke bromine 
lines below 42® ; with tke ratio 5 : 2, below 33® ; 2:1, below 25® ; 4:3, below 
13® ; 1 : Ij below 3® ; 2 : 3, below —7® ; and 1 : 2, tke lines were visible at — 18®. 
J. Piotnikoff found tkat a soln. of sulpkur monockloride in bromine does not show 
any electrical conductivity. T. S. Moore regarded sulpkur tetrachloride as an 
electrolyte. 

M. M. P. Muir found tkat tke properties of sidpkur monobromide are suck as 
would he expected from a comparative survey of the compounds of chlorine and 
bromine witk tke non-metallic elements, where tke chlorides are more stable than 
tke bromides, showing tkat chlorine esiubits a higher degree of ckemical energy 
than bromine. J. B. Hannay found tkat wken a thin layer of sulpkur monockloride 
is exposed to air for a week so that moisture can act on it slowly, well-defined, 
octahedral crystals of sulpkur — soluble in carbon disulpMde — are deposited. Hence, 
if M. Bertkelot be right in stating tkat electronegativeiy combined sulpkur should 
deposit amorphous sulpkur insoluble in carbon disulphide, it might be argued tkat 
tke sulpkur was not ckemicaRy .combined witk tke bromine. Tke argument 
has no weight. C. Lowig, G. Korndorfer, and M. M. P. Muir observed tkat water 
decomposes sulpkur monokromide into sulphur, and kydrokromic and sulphurous 
acids ; tke action is slow witk cold water, and rapid witk hot water. J, B. Hannay 
found tkat tke monobromide reacts witk iodine monockloride, forming sulpkur 
monockloride, and iodine monobromide. According to H. Rose, a soln. of sulpkur 
in bromine copiously absorbs sulphur irioxide without changing its appearance ; it 
gives off no sulphur dioxide wken distilled, and sulpkur remains. Tke first distillate 
is a reddisk-brown, fuming liquid which is freely soluble in water, forming bromine 
and kydrobromic and sulphuric acids ; tke later fraction is reddisk-brown, and is 
liable to deposit sulpkur but not to furnish free bromine. Tke liquid is slowly 
dissolved by water, forming kydrobromic and sulphuric acids. C. Lowig found tkat 
ammonia decomposes sulpkur monokromide, forming nitrogen, sulphur, and 
ammonium bromide — vide sulpkur monockloride. G. Lowig, and M. M. P. Muir 
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observed tliat nitric acid attacks tlie monobromide violently, forming hydrobroinic 
and sulphuric acids. C. Lowig said that when the monobromide is distilled with 
phosphoruSs sulphur remains in the retort, and phosphorus tribromide distils over. 

J. B. Hannay found that sulphur monobromide has no visible action on red phos- 
plionis, but white phosphorus is dissolved with the evolution of heat ; when the 
cold, clear liquid is decanted from the phosphorus, and cautiously heated, just as it 
began to hoil, ‘‘ it seemed to take fire inside, and vivid combustion ensued for about 
a second, when the w^hole exploded with a brilliant flash and loud noise, shattering 
the apparatus and hurling the ignited combustible all about the room.” 
M. M. P, Muir, and J. B. Hannay said that when the monobromide is dropped on 
powdered arsenic, great heat is evolved, and when the mixture is heated arsenio 
tribromide distils over. J. B. Hannay also found tlxat powdered antimony behaves 
similarly ; and when mixed with methyl alcohol, lieat is evolved, sulphur precipi- 
tated, and a liquid with a sharp, sour odour is formed. A. Edinger and P. Goldberg 
found that sulphur monobromide can be used for brominating organic compounds. 
J. B. Hannay said that pieces of sodium or potassium, the size of half a pea, when 
dropped into sulphur monobromide, do not take fire, but quietly combine with the 
sulphur and bromine. If, on the other hand, they are very small or thin, they take 
fire, or at least hiss and become incandescent. Aluminium foil remains bright 
when immersed in sulphur monobromide ; and C, Lowig said that when the vapour 
of the monobromide is passed over red-hot iron, bromide and sulphide of iron are 
formed with the evolution of heat and incandescence, G. Kornd5rfer represented 
the reaction with a soln. of potassium hydroxide 2S2Br2~|~6KOH==4KBr-l-K2SOg 
-+-3S-f-3H20 ; and with a soln. of sodium hydrocarbonate : 2 S 2 Br 24 "hNaIIC 03 

= 4:NaBr — h Na 2 S O 3 -}~ 6 C Oo “h ^ * 

According to 0. Lowig, the liquid formed on mixing equi-atomic proportions* of 
sulphur and bromine contains sulphur monobromide, but on distillation, it breaks 
up into sulphur dibromide, SBr 2 , and sulphur which remains in the retort. 
M. M. P. Muir said that no such compjoxmd is produced on distilling the monobromide 
— v-ide supra. While J. B. Hannay denied the existence of sulphur monobromide, 
S 2 Br 2 , he observed that the sp. gr. of mixtures of sulphur and bromine show a 
singular point when the proportions approach SBr 2 . 0. Ruff and 6. Winterfeid 
observed no evidence of the existence of sulphur dibromido in their work in the 
f.p. — Fig. 138 — ^the sp. gr., and the vap. press, of soln. of bromine in sulphur dihro- 
mide— sufm. 

A. Michaelis said that when sulphur dioxide acts on a mixture of phosphorus 
trichloride and bromine, at 115"^, a dark-coloured liquid is formed containing sulphur 
tetrabromide, SBr^, thus, 2 PCl 3 -f Br 2 +S 02 = 2 P 0 Cl 3 +SBr 4 , and that the product 
immediately breaks down into sulphur monobromide and bromine.' M. M. Muir, 
and 0. Ruff and G. Winterfeid observed no evidence of the formation of the tetra- 
bromide in their studies — vide supra — of the action of sulphur on bromine. 
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^ 49. Sulphur loiides 


All the so-called suipliiir iodides are prohahlr only mixtures — vide supra, mol. 
\vt. of sulpliiir in iodine. In 1S13, B. Courtoisd m the first paper published on the 
] properties of iodine, said : le soi/fre s^u/ut d Viode. niais ai'ec fiioins d'energie que le 
pjiosphnrc, and. a year later, J. L. Gray Lnssac saM that the combination of sulphur 
with iodine must be of the most feeble land. He considered that there is some 
doubt as to the formation of a true chemical individual, when the two elements are 
heated together — even under water — and there is a slight rise of temp. The heat 
evolved is so small that it can be more reasonably attributed to the effect of mere 
^oln. than to actual combination, for J. Ogier showed that the heat evolved when the 
alleged monoiodide is dissolved in carbon disulphide is equal to the sum of the heats 
u£ soln. of the elements separately in the solvent. F. G. Schlagdenhaiiffen said 
that no heat is evolved, hence no chemical combination occurs."’ X. E. Henrv 


described the preparation of iodure de soufre by fusing a mixture of the two elements. 
J. Inglis found that alcohol in a few months extracts ah the iodine from the alleged 
iodides. H. Eose sublimed a mixture of the two elements, hut the iodine so pre- 
dominated in the sublimate that he concluded no true compound is formed ; 
L. Earners likewise could obtain no definite compound in this way. G. vom Eath, 
and H. L. Snape found that the crystals of the alleged monoiodide have all the 
characteristics of mixed crystals. F. Sestini, F.'" C. Schiagdenhauffen, and 
E. V. E. Macivor investigated the m.p. of 


mixtures of iodine and sulphur, and con- 
cluded that the product obtained by fusion, 
or from soln. in a common solvent, has the 
characters of metal alloys, not true chemical 
individuals. C, E. Linebarger measured the 
m.p. of mixtures of sulphur and iodine, and 
obtained a curve, Fig. 141, which exhibited 
a maximum near that required for stdphlir 
monoiodide, S2I2 ; he added that no indi- 
cation of any other compound was obtained, 
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Fig. 142. — Free2dng-point Curves of 


and the monoiodide is in a very feeble state Mixtures of Iodine and Sulphur. 


of combination, for the sulphur and iodine 

seem to have more tendency to form mol. aggregates than chemical combinations. 
On the other hand, E. Boulouch obtained no in^cation of any definite compound, 
or solid soln. in his examination of the m.p. and f.p. curves of mixtures of iodine and 
sulphur. This conclusion was confirmed by F. Ephraim, who found the following 
freezing points for mixtures containing the percentages of iodine by weight ; 


Iodine 100 86-8 72*9 55*5 52-3 51-5 36-6 24-8 12-7 0 per cent. 

F.p. 112*8° 101*2° 89*2° 71*5° 65*7° 68° 74-3° 86*0° 97*9° 115*7° 


The results calculated for molar percentages are indicated in Fig. 142. The 
eutectic at 65*7° corresponds with 52*3 per cent, of sulphur by weight, or the molar 
per cent, 81 *3. E. Boulouch gave for the eutectic 65*5 °and 51 *1 per cent, of sulphur ; 
and A. Smith and C. M. Carson, 65*6° and 51*1 per cent, of sulphur. E, Wright 
observed no signs of the formation of solid soln., or of chemical compounds of iodine 
and sulphur in his study of the vap. press, of the fused mixtures. 

Sulphur iodides have been reported to be formed in several ways. J. Inglis 
believed that one is formed as a precipitate by the action of sulphur monochloride 
on hydriodic acid ; E. de Grosourdy, by the action of hydrogen sulphide on a dil. 
soln. of potassium tetrachloroiodide ; L. Earners, and E. W. E. Macivor - — sulphur 
ditfiiaiodide, S3I0 — ^by the action of hydrogen sulphide on iodine trichloride : 
2ICl5,4-3H^S=6HGl+S3E ; and M. Beithelot treated sulphur with dry hydrogen 
iodide in the cold : 2HI+(n-fl)S=H2S-fSJ2. reaction is slow at ordinary 
temp., but faster at 100° or 500°. J. Ogier found that the heat of combination of 
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sulphur and iodine est tr^ serisiUe^nent 7iull, thus with solid sulphur the heats of 
formation of solid S2I2 are 10*8 and 0 Cals, with gaseous and solid iodine 
respectively ; the heat of soln. of the alleged compound in carhon disulphide is 
the sum of the heats of soln. of the separate elements. W. Spring and A. Lecreiner 
made some observations on the oxidation of potassium sulphite — vide supra, sulphur 
monochloride — from which he estimated that the alleged S2I2 contains 90*12 per cent, 
of free iodine ; S2I4, 88*89 per cent. ; and SI2; 89*97 per cent. The affinity of sulphur 
for chlorine is estimated to be 9*43 times that for iodine ; and for bromine, 7-37 
times that for iodine. 

L. Earners, and C. E. Innebarger obtained sulphur iodide by the slow evapora- 
tion of soln. of the two elements in carbon disulphide — the former represented his 
product by SI^, and the latter by J. Mori examined the ec[uihbrium of iodine 

and sulphur in carbon disulphide soln. at 10"^ and 18° ; no solid soln. were observed. 
M. Amadori measured the mutual solubility of iodine and sulphur in carbon 


disulphide, and found 

in grams per 100 

grms. of soln. at 25° 

: 


S . 34-76 

36-42 39-56 

40-82 

36-74 

12-83 


I . — 

6-62 16-08 

22-64 

22-11 

20-64 

19-14 

CSo . 66-24 

58-96 44-4'0 

36-48 

41-15 

66-53 

80-86 

Solid phase 

Sulphur. 



Iodine. 


The results are plotted in Fig. 143. The solubility 

curve consists of two branches 

meeting at the point of double saturation (two solid phases). 

Similarly with benzene 

as solvent ; thus, at 25°, M. Amadon found : 




S . 209 

2-35 2-42 

2-58 

1-75 

0-40 



I . — 

8-31 12-72 

16-42 

16-28 

16-08 

16*79 

CS 3 . 97-91 

89-34 84-86 

81-00 

81-97 

83*52 

84-21 

Solid phase 

Sulphur. 



Iodine. 



With bromoform as solvent, the soln. had 3*64 per cent, of sulphur and 3*22 per 
cent, of iodine at 5*6° ; and 4*20 per cent, of sulphur and 3*70 per cent, of iodine 
at 3*65°. The solubility of one element in each of the three 
solvents is less than when the other element is present ; and 
in the case of carbon disulphide, both solubilities are in- 
creased by more than 100 per cent. Cryoscopic measure- 
ments of mixtures of the two elements in bromoform show 
that the depression of the f.p. of the solvent is somewhat less 
than that calculated from the moL wts. of the separate 
elements. No evidence was obtained of the existence of a 
solid compound of sulphur and iodine — nor did F. Ephraim 
observe any evidence of chemical combination in his measure- 
ments of the b.p. of soln. of the two elements. C. E. Lme- 
barger found that the compound of sulphur and iodine is dis- 
sociated into molecular aggregates of the elements when in 
soln. ; combination, if it occurs at aU, intervenes during the 
act of crystallization. C. E. Linebarger added that there 
seems to be more affinity between sulphur atoms and iodine 
atoms to form complex elementary molecules than to enter 
into combination with each other. 

The spontaneous evaporation of the soln. obtained by treating ethyl or other 
alkyl iodide with sulphur monochloride — ^best in a sealed tube for 12 hrs. — 
2C2E[5l+S20l2=2C2H5Cl-f-S2l2j gave F. Guthrie what he regarded as sulphur 
monoiodide. F. 0. Schlagdenhaufien confirmed this. The constant composition 
of the product is here not worth much as evidence of the individuality of the product 
because the two elements are necessarily in eq. proportions whether a monoiodide 
is formed or not. C. E. Linebarger obtained black, rhombic tablets of what he 
supposed to he in a similar manner. H. McLeod, however, said that the 
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product lias tlie nature of a metal alloy rather than of a chemical individuai ; 
and B. W. E. Macivor based a similar conclusion on the facts that alcohol, potash- 
lye, or a soln. of potassium iodide extracts all the iodine from the alleged iodide, and 
the evaporation of a soln. of the alleged iodide in carbon disulphide furnishes crystals 
containing variable proportions of sulphur. A. E. Menke treated a soln. of an 
alkali iodide or hydriodic acid vrith sulphur dioxide, and obtained a yellow product 
thought to be the monoiodide : 8HI-i-2S02=4H20-f'3l2-f ^ 2^2 ? precipitate 
is not stable and disappears when water is added. 

L. Lamers reported crystals of what be called sulphur hexaiodidsy to be formed by 
the slow evaporation of mixed soln. of the constituent elements in carbon disulphide. 
G. vom Rath would have liked to call the resulting crystals isomorpbous mixtures, but he 
hesitated to do so because of the dissimilarity of the two elements concerned. R. Schneider 
reported that crystals of stannic d'lsulphotetraiodidey SniS2l4s are formed by sublimation 
from a mixture of a mol of stannic sulphide and 2 mols of iodine, or from a soln. of dry, 
precipitated stannic sulphide in a boiling soln. of iodine in carbon disulphide. He also 
prepared arsenic trisulphohexaiodidsy 2ASI3.AS2S3. R. Ephraim showed that the former is 
probably a mixture of stannic iodide, and sulphur ; and the latter a mixture of arsenic 
trisulphide and iodine. 
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§ 50. The Thionyl Halides 

The bivalent radicle SO is called thionyl. It is derived from sulpburous acid, 
S0(0H)2. If the chloride, SOCI 2 , be treated with diSerent fluorides — e.g. zinc 
fluoride — Meslans i found that thionyl fluoride, SOE 2 , is formed, H. Moissan 
and P. Leheau noticed that the same compound is formed, along with other 
oxyfluorides of sulphur, when fluorine acts on 'thionyl chloride ; they prepared the 
compound by heating a mixture of 26-4 grms. of arsenic trifluoride and 35-7 gnns. 
of thionyl chloride in a sealed tube for 30 min. at 100° ; then cooled the tube and 
contents to — 80°, and on opening the tube collected the gas which escaped over 
mercury- Traces of arsenic trifluoride and thionyl chloride can be removed by 
passing the gas through a tube cooled to — 23°. The reaction is symbolized : 
2AsP3-f 3SOCl2=3SOF2+2AsCl3. W. Steinkopf and J. Herold used a modification 
of this process. O, Ruff and K. Thiel prepared the gas by heating nitrogen sulphide 
with hydrofluoric acid in the presence of water and cupric oxide in a sealed tube for 
2 hrs. at 100°. The gas was scrubbed in a tube filled with sodium fluoride. 
P. Wunderlich obtained sulphuryl fluoride by heating a mixture of barium 
fluosulphonate and barium fluoride in a sealed tube at 150° whereby barium sulphate 
and sulphuryl fluoride were formed. 0. Buff and feUow-workers observed that 
antimony sidphofluoride decomposes in moist air, forming thionyl fluoride, which 
then decomposes into sulphurous and hydrofluoric acids. 

Thionyl fluoride was described by H. Moissan and P. Lebeau as a colourless gas 
which fumes a little in moist air, and which has a suffocating odour. M. Meslans 
said that the gas attacks the respiratory organs vigorously. H. Moissan and 
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P. Leheau found tkat tke specific cavity of the liquid in ; M. Meslans ^ave 
6-0076, and lie found that the gas liquefies at — 30"". H. Moissau and P. Lebeau 
gave --32'^ for the boiling point, and 0. Rufi and K. Thiel, — 30° for tke k.p. at 
7G0 nun., and ~-G 10° for the melting point. When the gas is heated in a dry gias^ 
vessel to 1-00°, H. Moissan and P. Lebcau found that it decomposes 2SOP,-^BiO.-* 
™SiF 4 ~l- 2 S 02 ; the action of the electric discharge from an induction coil" on the 
gas in a glass vessel is similar to that of heat. 0. Rull and K. Thiel said that the 
gas is not changed when passed through a white-hot platinum tube filled with spongy 
platinum. H. Moissau and P. Lebeau found that if sparked along with hydrogen 
in a glass vessel, the sulphur dioxide is reduced to hydrogen sulphide, sulphur, 
and water, and the latter reacts with the silicon tetrafiuoride, forming hydrofino- 
silicic acid The presence of oxygen does not affect the decomposition of the thionvl 
fluoride by the action of heat, but when the mixture of the two gases is sparked, 
a certain amount of a more volatile oxyfluoride is produced — vide infra ^ sulphiLryi 
fluoride. The gas is decomposed by water : S0F2+H20=S02+2HF. 0. Rnfi 
aiid K. Thiel observed that a mixture of thionyl fluoride and chlorine, in* a sealed 
glass tube, in sunlight, or in the presence of carbon, reacts with the silica of the 
glass to form silicon tetrafluoride and sulphuryl chloride. Under ordinary con- 
ditions chlorine, and bromine are inactive. H. Moissan and P. Lebeau found that 
when the gas is treated with hydrogen chloride over mercury, a gaseous mixture 
is produced which attacks the mercury. The gas is not attacked by sulphur at 
500°, but, at high temp., hydrogen sulphide forms sulphur, water, and hydrogen 
fluoride ; at ordinary temp., there is no reaction. M. Meslans found that the 
gas reacts with ammonia, forming ammonium fluoride and thionyl amide. 
F, Wunderlich represented the reaction : S02F24"4NH3— 2NH4F4-S02(NH2)2. 

With methylamine in place of ammonia, he obtained dimethylsulphamide, 
S02F2+^^^3^H2-~'^02(NHCH3)2H-2CH3NH3F. Similarly, ethylamine furnishes 
diethylsulphamide. H, Moissan and P. Lebeau showed that the first product of 
the reaction with ammonia is an orange- coloured thionyl hemipentamminofluoride, 
2 S 0 P 2 *SNK 33 finally a white substance corresponding with thionyl hemiheptam- 
minofluoride, 2 SOF 2 . 7 H 2 O, and when the latter is treated with hydrogen chloride 
it forms sulphur, and sulphur dioxide. 0. Buff and K. Thiel said that thionyl 
fluoride reacts witli nitrogen trioxide and moisture, forming nitrosulphonic acid; 
and silicon tetrafluoride ; but the gas does not react with nitric oxide. H. Moissan 
and P. Lebeau observed no reaction with phosphorus at 500°. According 
to F. Wunderlich, one vol. of glycerol absorbs 0-12 voL of the gas ; petroleum, 
14vols. ; benzene, 2-3 vols. ; toluene, 2-9 vols. ; ethyl alcohol, 3-0 vols. ; methyl 
alcohol, 31 vols. ; carbon tetrachloride, 3*4 vols. ; chloroform, 4 0 yols. ; and 
acetone, 4-9 vols. ; while ether and carbon disulphide absorb only a little of the 
gas. H. Moissan and P. Lebeau also found that the gas is soluble in ars^e 
trichloride, and also in benzene, turpentine, and ether ; and it is absorbed by molten 
sodium or tin. F. Wunderlich found that a soln. of potassium sulphide in absolute 
alcohol forms a little thiosulphate when treated with sulphuryl fluoride ; and the 
reaction in an aq. soln. of calcium hydirosulphide is symbolized : S 02 F 2 + 2 Ca(SH )2 
"-f" H 2 ^ ® 2 ^3 ”f“ ^^^2 H~ ^ ^2 ^ • 

J. Persoz and N. Bloch - first prepared thionyl chloride, SOCI 2 , in an impure 
form, by the action of sulphur dioxide on phosphorus pentaohloride ; P. Kreme^ 
obtained it in a similar way, and named it scJiwefligsaures PhosphorsupercMorul 
because it was supposed to have the composition PCI 5 .SO 2 until H. Schiff prepared 
it in a fairly pure state and showed that its empirical composition is really SOClg. 
The work of L. Carius, 0. A. Wurtz, and A. Michaelis demonstrated the chemim 
characteristics of the compound. C. Schorlemmer has made some remarks on the 
liistory of thionyl chloride. L. Carius prepared thionyl chloride by heating calcium 
sulphite with phosphoryl chloride to 150 °. He first employed the propoitioDS 
indicated in the equation : 3 CaS 03 + 2 P 0 Cl 3 =Ca 3 (P 04 ) 2 +^S 0 Cl 2 , and heaw 
the mixture to 150° in sealed tubes ; but so much sulphur dioxide was developed 
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t’lat the tubes burst. Possibly the reaction is 6CaSOj™-2POCL^»ra3fP04i.2 
u-SCaCL-r-bBO^, but some thionyi chloride is also formed. L, Cariu- foiinil that 
srr raising the prunorrioii of oxychloride until equal nioleciilar proportions of the 
lA'O substances present, the proportion of thionyi chloride nreatly increased!, 

olid that of sulphur dioxide became very small. Calcium sulphite can thus 
I^e made to yield most of its sulphur as thionyi chloride, but only by using excels * »f 
piio.'iplioriis ox^'chluride. since without this excess sulphur dioxide the mai'i 
product Xow, this sulphur dioxide must he derived from thionyi ciilonde >hriiiiil 
phosphorus oxychloride really act on calcium sulphite, and tlieu furni thionyi 
chloride by this action. E. Divers and T. Shimidzu said that pliosifhoriis penta- 
ehlonde is itself without action on calcium sulphite, but at 150’, the pentacrJoriiie 
is dissociated into pho.sphorus pentoxide and pentachloride : lOPOCl^—dP^D- 
— BPCis the pentoxide takes calcium oxide from the sulphite, thus .netting free 
sLil}>liur dioxide : bCa803d“2Po05— 2Ca3(P04)2d-6S025 and this with phosphorus 

pentachloride gives thionyi chloride and phosphorus oxychloride again : 
6S02-'6PCl5=dB0Cl2+6P0Cl3 — vide infra. Three-fifths of the phosphorus 
oxychloride begmi with are thus regained. In practice, L. Carius found an extra 
half of the oxychloride to be excess enough to use. The large quantity of sulphur 
dioxide which forms rrhen these proportions are greatly altered in favour of the 
calcium sulphite, is to be traced to the action of the phosphorus pentachloride upon 
the excess of calcium sulphite instead of upon the sulphur dioxide, as is shown by 
the following equation : 15CaS03-l-6PCl5=3Ca3(P04)2-f SCaCL-— 9S0Ci2“r6S02. 

With the other 6SO2 liberated, hut now not decomposed, there are thus obtained 
I2SO2 to 9SOCI2. The calcium chloride here shown is a necessary complement to 
the sulphur dioxide, 'whatever version of the change be adopted. L. Carius also 
prepared thionyi chloride by the action of phosphorus pentachloride on sodium 
sulphite ; and on certain organic sulphonates on the alkali metals ; A. Michaelis made 
it by the action of phosphorus pentachloride on snlphuryl chloride ; and K, Kraut, 
by its action on thiosulphates. J. Persoz and N. Bloch, P. Eiremers, L. Carius, 
and H. Schiff prepared thionyi chloride by passing sulphur dioxide over phosphorus 
pentachloride — SO2+PCI5— POCI3+SOCI2 — and separating the thionyi chloride — 
b.p. 82^ — from the phosphoryl chloride — ^b.p. 110® — ^by fractional distillation. 
A. Michaelis said that chlorine and sulphur dioxide colour the product yellow, and 
they can be removed by boiling the liquid in a flask with a warm reflux condenser, 
and rejecting the first fraction. TMs mode of preparation was employed by 
T. E. Thorpe, and was formerly the process generally employed. The Chemische 
Fabrik von Heyden recommended making thionyi chloride by the interaction of 
phosphorus trichloride and snlphuryl chloride : S02Cl2+PCl3=P0Cl3-f SOCL ; 
while the Chemische Fabrik von Buckan found that carbonyl chloride reacts with 
sulphur dioxide at temp, above 200® with the formation of thionyi chloride and 
sulphur tetrachloride according to the equations : S02+C0Cl2=S0Cl2-f-C02 

and S02+2C0Cl2=SCl4+ 2CO2. The first reaction predominates at lower temp, 
and with excess of sulphur dioxide, and by suitable adjustment of conditions one 
or other of the reactions may be almost entirely excluded. The reactions are 
carried out by passing the gases over a heated contact substance, such as wood 
charcoal, and the carbonyl chloride may be partly or entirely replaced by a mixture 
of carbon monoxide and chloride, or carbon monoxide and sulphuryi chloride may be 
employed. This mode of preparation gives good results. The tarbenfabrik 
vorm. F. Bayer obtained thionyi chloride by heating a mixture of cMorosulphonic 
acid and sulphur monochloride or dichloride. 

C. A. Wurtz observed that thionyi chloride is formed by the action of chlorine 
monoxide on sulphur, but the reaction proceeds with explosive violence; it was there- 
fore found better to dissolve the sulphur in sulphur monochloride, and allow gaseous 
chlorine monoxide to act on the sohi. at — 12®, until nearly all the dissolved sulphur 
is consumed. The thionyi chloride and sulphur monochloride were separated by 
fractional distillation. 0. A. Wurtz, and P, Schiitzenberger also obtained thionyi 
VOL. X. 2 u 
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chloride by the action of chlorine monoxide on carbon disulphide : SCLO-i-O^ 

— 2SOClo-hCOCL. A. Michaelis and O. Schifferdeckcr obtained an 80 per cent^ 
yield of tliionyl cliloride by the action of sulphur trioxide on sulphur tetrachloridf^ • 
SCl^+SOs—SOClo-f SO 2 +CI 2 ; and A. Behai and V. Auger, and W. Majert, by the 
action of suli)hiir trioxide on sulphur dichloride at a temp, below the b.p. of srlplirr 
dioxide, or under ])tcss. : SO^d-^Cilo—SOCla+SO^. The Chemische Tabiik 
Griesheini-Elektron obtained thionyl chloride by adding sulphur trioxide to ordiuar? 
sulplitir chloride at a temp, of according to SO 3 d-S 2 Cl 2 =SOClo+S 02 +S 

Chlorine is passed in continuously in order to reconvert the sulphur produced into 
sulphur chloride. In this way, an almost theoretical yield is obtained, and the 
])ractical inconveniences attending tlie use of higher chlorides of sulphur are avoided. 
The Fa.rl)enfa,briken vorm. F. Bayer found that the reaction proceeds smoothly 
at ordinary temp, and press,, in the ])rcsence of antimony trichloride, meicniic 
cliloride, or chlorides of the heavy metals ; and that sulphur or sulphur monocbloride 
with chlorine and chlorosul phonic acid, or sulplmr dichloride and chlorosnlphonic 
acid can be used with or without the addition of the catalyst. 

According to C. A. Bilberrad, thionyl chloride may contain traces of phosphoryl 
chloride, vStannic chloride, or suljihiir di- or trhoxide. The first of these contanuna- 
tions was found by J. Ogier to be difficult if not impossible to remove. P. Lux 
detected stannic cbloricle by producing a yellow coloration with triphenylmetbyl 
chloride, or a red coloration with y;-triiododi])henylmcthyl chloride — ^neither 
reagent gives the coloration, with thionyl chloride alone. The stannic chloride 
can be removed by fractional distillation. H. Meyer and R. Turnau, and H. Meyer 
and K. Schlegcl found that aulphiir dioxide may be removed by distillation over 
diinethylanilinc or (luinolinc, aTid colourless thionyl chloride may be obtained by 
distillation over linseed oil and puriried beeswax. Thionyl chloride can he destroyed 
in mixtures where it is not desired by adding sufficient formic acid to react: 
H.C00H-l-S0Cl2=2HCi+S02ri-C0 — a reaction discussed by C. Monieu, and 
H. Meyer and R. Turnau. 

Thionyl chloride is a colourless, refractive liquid with a penetrating smell 
recalling that of suli}lLur dioxide. K. Heumann and R. Kochlin found the vapour 
density at 154"^ is 3-95, corresponding with the mol. SOCL for which the theoretical 
density is 4T1 ; at 444-5*^, the vap. density is about two-thirds the normal value, 
indicating that the coTn])ound is dissociating, and when the vapour is passed through 
a red-hot tube, the dissociation products axe sulphur dioxide and monocbloride, 
and chlorine. H. Standinger and W. Kreis also observed that when the vapour 
is chilled from 1000® to —190®, sulphur monocbloride is formed. According to 
G. Oddo and E. Serra, the molecular weight calculated from the efiect of the salt 
on freezing benzene is 108-110 ; and with boiling chloroform, 229-235, when the 
theoretical value for SOCI 2 is 119, When corrected with the results of G. Oddo 
to allow for volatihzation in boiling soln. a normal value is obtained for the 
mol. wt. E. B. R. Prideaux represented the electronic structure : 

A. F. 0, Getman discussed thionyl chloride as a solvent. C. A. Wurtz gave b67& 
for the specific gravity at 0® ; G. Carrara and I. Zoppellari, 1-6577 at 1® ; R. Nasm^ 
1-655 at 10*4°/4® • T, E, Thorpe found- 1*6763 for the sp. gr. at 0®/4°; and 
S. Sugden and co-workers gave 1*656 at 14’5®/4®, 1*622 at 32^®/4®, and 1*593 at 
48® /4®, or at r/4®, sp. gr. == 1*683 + 0*00188^. T. E. Thorpe represented the 
thermal eag^ansion^ v=l+O-OO116419d+O*O691418^+O*O8953603^ where repr^ 
sents the vol. attained when unit voL at 0® is heated to 0® up to 78*8®. The 
sp, gr. at the b.p. is 1-52143, and the molecular volume 78-01. S. Sugden, ana 
E. Rabinowitsch also studied the mol. voL W. Ramsay and J. Shields ohtamea 
30*80 and 27-22 dynes per cm. respectively at 19-8® and 45*9° for the surface ’ 

«3=sS*83 and 3*50 sq. mm. for the specific cohesion respectively at 19*8® and 45*9 ; 
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and 538*6 and 486*2 ergs, for tlie mol. surface energy at 19*8'' and 45*9' re-^pectively. 
H. A. Mayes and J. R. Partington gave —104-5' for the freezing point. C. A. Wnrtz 
gave 78' at 746 nim. for the boiling point ; L Carm^, 82""; and T. E. Thorpe, 
S. Sugden and co-workers gave 76*9' to 77’1' at 772 mm. K. Arii gave 
log |}=7*60844 — 1648*21 T ^ for the vapour pressure. J. Ogier found the specific 
heat between 17° and 60° to be 0*2425 ; the heat of vaporization, 54*45 cals, per 
gram ; and the heat of formation for liquid tliionyl cMoride 47-2 Cak. P. Walden 
found that thionyl chloride is an ionizing solvent. R. Xa^ini found tliat the 
indices of refraction for the F-, D-, and T-rays to be respectively 1*541, 1*527, 
and 1*522 H. Schlundt gave 9*05 for the dielectric constant at 22°. 

H. Schiff said that thionyl chloride is decomposed by water, and still more easily 
by soln. of alkali hydroxides, fonning hydrochloric and sulphurous acids ; while 
L. Garins said that warm water, or no more than an equal vol. of cold 
water, furnishes sulphur and sulphuric acid. For the heterogeneous system 
G. Carrara and I. Zoppellari found the reaction between water and thionyl 
chloride at 1° could be represented by (Ijst) log[a;{a—j:)}=ak, where 5 is the surface 
area of the liquids in contact ; a, the quantity of decomposable liquid ; r, the 
quantity of this liquid decomposed at the time t ; and J: is a constant, 0*0152. 
W. Wardlaw and F. H. Clews assume that the reaction : SOCL-rHe^^^^sT-HCl 
is reversible, since H. S. Tasker and H. 0. Jones found that when thionyl chloride 
acts on mercaptans at a low temp., 0° to — 70°, hydrogen chloride and sulphur 
dioxide are evolved, and water is found among the residual products. H. B. Xorth 
and A. M. Hageman found that sodium dioxide reacts violently with thionyl 
chloride at ordinary temp. : 2Xao02”f-2SOCL— 2XaCl-rXa2SO^-r*^C.>Cl2, and 
Xa202-t-2S0Cl2“2XaCl-f S02-f-S02Cl2, according to the proportions of reagents 
employed. With barium dioxide and a large excess of thionyl chloride in a sealed 
tube at 150°, the reaction is sjnnbolized ; Ba02-r2S0Ci2=BaCl2-rS02-T-S02Cl2 ; 
but when mol, proportions are used: 2Ba02-f-2S0Cl2=BaCL i-BaS04 4-802012 ; 
lead dioxide and manganese dioxide act in a similar manner. Thionyl chloride is 
an active reducing and chlorinating agent. C. A. Silberrad said that the chlorine 
usually attaches itself to some portion of the substance acted upon, and the sulphur 
appears in combination with oxygen or chlorine. A. Besson found that thionyl 
chloride reacts with dry hydrogen bromide, forming thionyl bromide : ^ SOCi2 
-j-2HBr=2HCi+SOBr2 ; and with dry hydrogen io&de, cooled by a freezing 
mixture, forming hvdrogen chloride, sulphur dioxide, iodine, and sulphur : 2S0C1.7 
+4HI=4HGl+2l2+S02+S. 

H. Prinz observed that when thionyl chloride is heated with sulphur at 180"°, 
sulphur monochloride is formed. Here the oxygen of the tliionyl chloride is not 
replaced by sulphur ; rather does the thionyl chloride behave like a mixture of 
sulphur dioxide and tetrachloride. 0. RuE said that thionyl chloride is indifferent 
towards sulphur even in the presence of aluminium chloride, and this behaviour can 
be used to separate it from sulphuryl chloride H. B. North and C. B. Conover 

represented the reaction above 150° by 2SOCl2+3S=S02-{-2S2Cl2. H. B. North and 
J. C. Thomson obtained similar results at 150°-180°. H. Piinz found that hydrc^en 
sulphide does not react at ordinary temp., but at 60°, the reaction 2SOGl4'2H2S 
~4HC1“}-S024-3S occurs. A. Besson said that this reaction occurs slowly even 
when cooled in a mixture of ice and salt, and at a higher temp., the main reaction is 
2SOCI2+H2S— S2CI2+SO2+2HCL 0. Ruff said that the reac-rion between 
hydrogen sulphide and thionyl chloride is greatly accelerated if aluminium chloride 
be present. C. Moureu found that thionyl chloride does not at first mix with 
sulphuric acid, but after a time, hydrogen chloride and sulphur dioxide are given 
off ; and when the mixture is heated between 138°— 157°, chiorosulphonic acid, 
and pyrosulphuryl chloride axe the main products: S0Cl9-|-H2SO4==SO2+HCl 
-4- CIHSO3 ; and 3S0Cl2+2H2S04=3S02+4HCi+S205Cl2. V. Lenher and 
H. B. Norih represented the reaction with seleuium: Se-f 2SOCl2=SeCl44-SOs-|-S ; 
and with selenium dioxide : Se02-|-2S0Cl2=S€Cl4-j-2S02 ; the reaction was also 
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studied by B. von Howath. V. Lenlier and C. W, Hill found that tellurinn] tetra- 
chloride is formed when an excess of thionyi chloride acts on tellurram or on 
tellurium dioxide, if not in excess, tellurium dichloride is formed. 

IT. BcliifT at first thought that thioiiyl chloride reacts with ammonia to form 
thionyi amide, but later, A. Michaelis found that a mixture of nitrogen tetrasulphide 
and ammonium chloride, sulphide, and polythionate is formed ; and E. Ephraim 
and H. Piotrowsky o]>served that if thionyi chloride he slowly dropped into liquid 
amn\onia, an intensely red soln. is formed which furnishes ammonium imidodi- 
sulphinate, (NH4)N(N 114^02)2" — und it is a result of the hydrolysis of the 

imidosiilphonamidc, HN( 80 NH 2 ) 2 , first formed. Some observations on the action 
of ammonia 011 thionyi chloride were made by M. Gurewitsch. According to 
E. Ephraim and H. Piotrowsky, sulphur is ])roduced by the action of a cone. soln. 
of hydrazine on thionyi chloride, the sulphur then reacts with the excess of hydrazine 
N2HH-2R™ N^-f With a dil. soln. of hydrazine, an unstable sulphurous 

hydra.zide a.[)pears to be formed, but it has not been isolated. A, Mente found that 
an imidosiil])honate is formed by the action of thionyi chloride on ammonium 
carbamate. C. Moureu observed that thionyi chloride reacts violently with nitric 
acid \\ith the dcvclo])ment of heat, and the formation of nitroxyl chloride, sulphur 
dioxide, and hydrogen chloride ; nitrogen oxides and sulphuric acid are also formed 
in conse(|uence of secondary reactions between the hydrogen chloride, the excess of 
nitric acid, and sulphur dioxide. T. E. Thorpe gave for the reaction with silver 
nitrate : SOCl2+AgN03'--’Ag01+Ll.B02.0.N : O. H. B. North and J. C. Thomson 
found that with an excess of thionyi chloride, phosphorus reacts : 2P+4SOC12 
=2PCl3"l-2S02+S2^''J2 briber 2 lirs.’ heating at 125 '"; if the temp, be 180 ®, some 
phos])horus pcntachloride is formed as indicated below. A. Besson said that 
gaseous phosphine, at ordinary temp., reacts with thionyi chloride causing an evolu- 
tion of hydrogen chloride, the liquid after some time forms two layers, the upper 
of which, on distillation under reduced press., yields, first, thionyi chloride, then 
phosphoryl chloride, and, finally, thiophosphoryl chloride, PSCI3 ; a syrupy liquid 
from w'bich no definite com}>ound can be obtained remains in the retort. The lower 
layer is viscous, and contains chlorine, sulphur, phovsphorus, oxygen, and hydrogen, 
C. Moureu found that ortho- and meta- phosphoric acids are at once attacked by 
thionyi chloride, hut with metaj)hosphoric acid the reaction ^ is incomplete, and 
orthophosplioric acid furnishes chlorinated condensation products which are not 
further attacked by thionyi chloride. D. BalarefI found that boiling thionyi 
chloride converts orthophosj)horic acid into a mixture of the pvro- and meta-acids. 
'L. Caxius represented the reaction with phosphorus pentasulphide at 150 ° 

R* Prinz showed that the reaction is more pro 
bably ; 2P2S5-f 6B60I2— 4PSC13+3S024-9S, at temp, below 150 ®, and A. Michaelig 
found that the reaction, at IGO®, with phosphorus trichloride : SPCls+SOClg 
=PCl5+POCl3+PSCl3, is slow but complete — H. B. North and J. G. Thomson said 
incomplete in 16 hrs. at 80 ®- 160 ® ; possibly with an excess of thionyi chloride, there 
is a secondary reaction : 3PCI3+4SOCI2—3PCI3+2SO3+S2CI2. H. B. North and 
A. M. Hageman represented the reaction with arsenic : 2 As 4 ' 4 : 80 Cl 2 = 2 *^sCl 3 
-I-S2CI3+ 2SO2 * and with arsenic trioxide, the trichloride is formed. H. B. Norih 
and C. E. Conover represented the reaction with arsenic trisulphide : AS2S3+6SOCI2 
=2AsCl3”b3S02H-3S2Cl2, and similar remarks apply to orpiment. K. Heumann 
and P. Kochlin represented the reaction with powdered antimony in the cold : 
6 Sb+ 6 SOCl 2 =- 4 ShCl 3 -f SbgSa-f 3SO2. H. B. North and A. M. Hageman agreed 
with this statement provided the antimony is in excess, and the reaction occurs with 
violence at ordinary temp. If heated in a sealed tube with a large excess of 
chloride, the antimony trichloifide first formed reacts : 3SbCl3+4SOCl2==3SDCl5 
+S2CI2+2SO2. With antimony trioxide at ordinary temp., antimony 
and with an excess of thionyi chloride, heated in a sealed tube at 150 “250 , 
antimony pentachloride is formed. H. Prinz represented the reaction with antinMW 
trisulphide : 6S0Clo+2Sb2S3=4SbCl3+9S+3S02. This was probably below 150 
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and witliout excetts of tliionyl cMoride, because H R Xurtli and C. B. Conover 
showed that the thionyl chloride reacts with the sulphur above this temp., and 
between 150" and 200^ the reaction in symbolized : GSOCL—Sb2S3=2SbCi3 
— 3SO2— 3S2C12- Siinilar remarks apply to The reaction with bismiltll 

at 2«Xr is symbolized : 2Bi 4-480017 =2BiCl3—S2CL—2S02 ; and with bismutli 
trioxide l Bi203-:-3S0Cl2=2BiCi3-T-3S02. C. Moureii found that the action of 
thionyl chloride on boric acid resembles that with orthophosphorie acid. 

H. S. Tasker and H. 0 . Jones found that the reaction of thionyl chloride with 
nickel carbonyl results in the vigorous evolution of sulphur dioxide and carbon 
monoxide accompanied by a fall of temp. : 2Xi{CO)4— 28000 =2XiCl2—S02 

- 1 - 8 C 0 — S. In many reactions thionyl chloride behaves as if it were a mixture 
of sulphur dichioride, SCL, and sulphuryl chloride, ^S02Cl2. The reaction^ uf thionyl 
chloride wdth organic Compounds have been summarized by C. A. Silberrad. He 
classifies the reactions : (i) The replacement of various ntdmes or of or fjmot or lojJrogen 
htj chlorine. Thus, the replacement of hydroxyl, OH, was observed by O. Barger 
and A. J. Ewins, A. Stabler and E. Schirm, A*. McKenzie and T. M. A. Tudliope, 
A. McKenzie and F. Barrow% A. McKenzie and G. W. Clough, L. McMaster and 

F. F. Ahmann, Gr. Darzens, L. Euzicka and F. Liebl, H. AVieland and P. Kappei- 
nieier, P. F. Frankland and F. H. Garner, A, Green, E. E. Blaise and 'M. Montague, 
etc. The replacement of thiol, SH, was observed by 0. Silberrad : the nitro- or 
X02-group, by H. Meyer : the sulplionic- or HSOa-group, by H. Meyer, J. Poliak 
and B. Sciiadler, and J. PoUak and Z. Rudich : of liydrogen, by A. Jlicliaelis, 

G. Scliroter and E. Liiiow, J. Poliak and Z. Rudich, and ~H. Meyer ; and of oxygen, 
by H. Hunter, P. Horing and F. Baum, and F. Loth and A, l\Iiehaelis. (ii] The 
intfoduction of sulphur alone or in cotyibination icith oxygeii to far/u S(^-fjroups. E.g., 
the formation of sulphurous esters was observed by L. Carius, A. Michaelis and 

G. Wagner, A. Rosenheim and W. Sarotv, A. E. Arbusoff, H. Hiuiter, L. Ruzicka 
and F. Liebl, A. McKenzie and G. W. Clough, M. M, Richter, and A. Green ; the 
formation of thionyl derivatives — sulphoxides — by C. E. Colby and C. S. McLouglilin, 

H. C. Parker, S. Smiles and A. W. Bain, S. Smiles and R. le Rossigiiol, E. Scliiiler, 
P. F. Frankland and P. H. Garner, W. S. Denham and H. Woodhouse, A, Michaelis, 
A, ^lichaelis and R. Herz, A. Michaelis and W. Jacobi, A. Mchaelis and 0. Stor- 
beck, G- Schrdter and E. Linow, A. Michaelis and G. Sehrdter, A. Michaelis 
and G. Erdmann, A. MchaeHs and J. RuH, A. Michaelis and P. Grantz, and 

A. Francke ; the formation of anhydrosulphites, by K. floors, M. M. Richter, and 
E. E. Blaise and M. Montagne ; and the replacement of hydrogen by sulphur to 
form a sulphide, by A. Michaelis, A. Michaelis and E. Godchaux, A. Alichaelis and 

B. Philips, A. Michaelis and P. Schindler, C. T, Sprague, G. Tassinari, and 
H. YoswinckeL (iii) Dehydration by the refywval of the elements of water. E.g., 
E. de B. Barnett and I. G. Nixon, A. Michaelis and H. Sieber, H, Meyer, G. Lasch, 
B. von Pawlewsky, A. Wohl, A. McKenzie and T. M. A. Tudhope, 6. Moureu, 
P. Horing and F. Baum, W. Herre, G. Schroter and M. Lewinsky, and M. Bergmann 
and A. Miekeley. (iv) Dehydrogenation by ike removal of hydrogen. E.g., B. Holm- 
berg, H. S. Tasker and H. 0. Jones, J. A, Smythe and A. Forster, and K. A. Hofmann 
and K. Ott. (v) Condensations. E.g.^ S. Smiles and R. le Rossignol, G. Barger and 

A. J. Ewins, A. Michaelis and G. Erdmann, and P. Freundier. (vi) Catalytic 
actions. The presence of thionyl chloride was found to favour a number of reactions 
— F. G. Mann and co-workers, A. SMmomura and J. B. Cohen, R. S. Bly and co- 
W’orkers, E. Wolff enstein and F. Hartwich, H. Meyer, K. H. Meyer and K. Sclmster. 
G, Egerer-Seham and H. Meyer, S. Jaroschy, C. L. Horton, A. McKenzie and 

G. W. Clough, G. W. Clough, and P. Karrer and W. Kaase. (vii) Other readions 
have been investigated by J. Klieeisen, H. McCombie and H, A. Bcarborough, 

H. Meyer and K. Schlegel, H. Meyer and R. Turnau, G, Sachs, R. Stiimmer, 

B. Singh and J- F. Thorpe, E. de B. Barnett and J. W. Cook, H. Leuchs, C. Bot- 
linger, etc. 

Thionyl chloride reacts with many of the metalS — cold or hot — ^forming chlorides 
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with the evolution of heat. H. R. North and A. Hagemaii said that at temp, 
up to a})oiit 250"^, the reaction with bivalent metals is symbolized: 3M+4SOCL 
--3MCLd-2S02d-SoClo5 if the thionyl chloride is in excess, and if the metal is in 
excess, 3M4-2SOC12— SMCL+MS+SOo* They found that gold is not attacked 
at temp, up to 150°, but at it slowly forms auric chloride ; magnesiunia 
25inc, and cadmium are not attacked by thionyl chloride at 200° ; but E. Fromm and 
J. de Seixas-Paima found that the reaction with zinc dust can be represented by 
2S0012 4 2Zn-=:2ZnCl2+S02+S. H. B. North fonncl that mercury with thionyl 
chloride in a scaled tube at 150° reacts either Hg+ISOCL^— HgCl2+2S02Cl2i-S2Cl2, 
or SHgi-ISOCL’-SHgCU-l- 2SO2+S2CI2 according to the proportions of the 
reagents. The reaction with tin furnishes stannous chloride : 3Sn+2SOCl2=--2SnCl2 
+SnSi-S02. but in the j)xesence of au excess of thionyl chloride some stannous 
chloride is converted into stannic chloride ; 3SnCl2+4SOCl2— 3SnCl4-[-2S02-rS2CL. 
Neither lead nor chromium is attacked at 200° ; the reaction with iron is symbolized" : 
2Fe-f-4S0Cl2~-2FeCl3+2S02+S2Cl2, and with an excess of metal : 3Fe+2S0Cl2 
=^2FeCl2-f FeS+SOo : nickel is not attacked at 200°. Several metal oxides are 
converted into cljlorides or oxychlorides with the evolution of sulphur dioxide. 

G. Darzens and F. Bourion said that at tern]), below 400°, thionyl chloride behaves 
tow’-ards metal oxides like a mixture of chlorine and sulphur monochloride, hut it 
is less advantageous in practice as a chlorinating agent owing to the difficulty 
of obtaining it free from phosphorus compounds. H. B. North and A. M. Hageman 
said that at 150°~250°, the metal oxides react : MO+SOCl2=MCl2+S02 ; and 
with a metal forming two chlorides, the lower chloride is first formed, and this is then 
oxidized to the higher chloride : 3MCl2+4SOCl2=3MCl4 +2802+82012. They 
found that cupric oxide reacts : CUO+SOCI2— CUCI2+SO2 ; and cuprous oxide : 
Cu20+3SOC]2==2CuCl2+SCl2 -1*2802. Only a trace of chloride is produced when 
thionyl chloride reacts with silver oxide under these conditions ; calcium, strontium, 
and barium oxides are not attacked by thionyl chloride at 200°, nor is beryllium 
oxide attacked ; magnesium oxide reacts : Mg0+S0Cl2=MgCl2+S02 ; and zinc 
and cadmium oxides react in an analogous manner. In a sealed tube at 160°, 

H. B. North found that mercuric oxide reacts: HgO+3SOCl2=HgC]2+S02Cl2 
+S2CI2, but if the thionyl chloride be not present in large excess : HgO+SOCl^ 
—IlgCL-f SO2. H. B. North and A. M. Hageman found that aluminium and 
chromic oxides are not attacked by thionyl chloride at 200° ; G. Darzens and 
F. Bonxion found that at a higher temp, chromic oxide forms the chloride and with 
lanthanum, samarium, zirconium, and thorium oxides, the anhydrous chloride is 
also produced, but with tungstic and vanadic oxides, oxychlorides are formed ; and 
with titanic oxide, a sulphochloride was formed, and with gadolinium oxide, a 
mixture of chloride and oxychloride was formed. H. B. North and A. M. Hageman 
said that tin dioxide is not attacked at 200°. H. B, North and C. B. Conover said 
that the reaction with metal sulphides at 160°-'180° can generally be represented by 
MS+2S0Cl2=MCi2+S02+S2Cl2 ; for example, this reaction applies to copper, 
silver, zinc, cadmium, and mercuric sulphides ; similar remarks apply to covellite^ 
arge)Uite, sphalerite, and cinnabar and to galena or lead sulphide ; with stanmc 
sulphide the reaction is SnS2+4SOCl2=SnCl4+2S02+2S2Cl2 ; and with ferrous 
sulphide there is a complication owing to the oxidation from the ferrous to^ feme 
state : 6FeS+16S0Cl2==6FeCl3+8S02+7S2Cl2. They found that while the minerals 
argentite, molybdenite, and cohaltite w^ere not attacked by thionyl chloride in a sealed 
tube at 150°-175°, a few hours’ heating decomposes galena, pyrites, cinnabar, orpi- 
ment, stibnite, and arsenical pyrites, pyrargyrite, proustite, covellite, sphalerite, 
and tetraJiedrite require one to two days for their decomposition. 

According to A. Miohaelis,^ thionyl bromide, SOBr2, is produced by the action 
of bromine on thionyl aniline : CqHs.N : S 0+3Bx2==CeH2Br3NH2.HBr+S0Br2. 
He said that the brown liqxdd product is difficult to purify. This was confirmed by 
H. A. Mayes and J. R. Partington- P. J. Hartog and W. B. Sims prepared it by 
the interaction of sodium bromide and thionyl chloride. H. A, Mayes and J . B. Part- 
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ington said tiiat tlie action with potassium bromide is slow, and the large bulk of 
solid renders the first distillation in vacuo very awkv^ard. A. Besson found that 
while dry hydrogen bromide has no action on thionyl chloride in the cold, the 
reaction at the b.p. results in the partial substitution of the chlorine by bromine. 
The fractional distdlation of the product under reduced press, furnished thionyl 
bromide, and chlorobromide. H. A. Mayes and J. H. Partington prepared thionyl 
bromide by this process. A. Besson later obtained the same products by the action 
of aluminium bromide on thionyl chloride. The reaction is vigorous, and when the 
soln. is cooled, crystalline complex compounds of aluminium chloride and bromide 
with thionyl chloride are deposited. When the product is distilled under reduced 
press, it furnishes thionyl bromide. A better yield is obtained by the action of dry 
hydrogen bromide on thionyl chloride at a temp, not exceeding 100^. When the 
product is distilled under reduced press., it furnishes thionyl b^romide, boiling at 
68° under a press, of 40 mm. ; the higher boiling fraction, thionyl ehlorobroudde ; and 
sulphur bromide are also separated by fractional distillation. A. Besson said that 
thionyl bromide is not formed by the action of sulphur dioxide on 'phospliorus 
pentabromide. H. A. ]\Iayes and J. R. Partington found that the reaction which 
occurs on adding the calculated quantity of sulphur trioxide to cooled sulphur 
bromide results in a violent effervescence : SgBrofi-SOs— S0Br24-S02+S. The 
distillation of the product furnishes unchanged sulphur nionobromide, and so little 
thionyl bromide that the method is useless as a mode of preparing thionyl bromide. 
Thionyl bromide was said by P. J. Hartog and W. E. Sims to be a deep crimson 
liquid ; A. IMichaelis, a brown liquid — ^but these liquids were probably contaminated 
with sulphur bromides, and bromine, since A. Besson found it to be a pale yellow 
liquid. P. J. BEartog and W. B. Sims said that the sp. gr. of the hygroscopic liquid 
is 2*6 at 18°, and A. Besson, 2-61 at 0°. H. A. Mayes and J. R., Partington said that 
the yellowish-orange liquid has a sp. 2-697 at 1574°, 2-692 at 177^'^. and 2*672 
at 257A‘^‘ The surface tension at 17° is 43-71 dynes per cm., and at 25°, 43-08 dynes 
per cm. The results are in agreement with a smaR degree of association. A. Besson 
added that the liquid does not solidify at — 23°, but does so at —50° ; H. A. Mayes 
and J. R. Partington gave —52° for the f.p. A. Besson found that thionyl bromide 
boils at 68° under a press, of 40 mm. H. A. Mayes and J. R. Partington found 
for the b.p. at different press., p mm., 

p .22 47 104 138-5 210 315-5 471 680 773 

B.p. . 45® 62-5® 81*5® 90® 101*5® 111® 123*5® 136® 138® 

The ratios of the b.p. at different press, indicates a Rttle dissociation. The moi. 
wt., calculated from the action of thionyl bromide on the Ip. of benzene, agrees 
with the assumption that 25 per cent, exist as doubled molecules. The mol. heat 
of vaporization is 10*4 Cals., and Trouton^s coefficient, 25*2 points to some 
association of the Uquid. Unlike P. J.- Hartog and W. E. Sims, H. A. Mayes and 
J. R. Partington were able to keep thionyl bromide in a stoppered bottle without 
decomposition for a few weeks ; but decomposition does occur, and the thionyl 
bromide acquires a red colour owing to the formation of free bromine. About 
one-third decomposes : 4SOBr2— 2S02+S2Bx2+3Br2, when the liquid is dis- 
tOled at ordinary press. At a temp, a little above its b.p. — at 136°, according to 
A. Michaelis, and at 150°, according to P. J. Hartog and W. E. Sims — ^it decom- 
poses into sulphur monobiomide, bromine, and sulphur dioxide. H. Staudinger 
and W. Kreis observed that when the vapour is suddenly chilled from 100° to 
—190° bromine, sulphur, and sulphur dioxide appear. A. Besson added that 
thionyl bromide is rapidly decomposed by water ; and in contact with mercury 
it yields sulphur, sulphur dioxide, and mercurous bromide. H. A. Mayes and 
J. R. Partington said that thionyl bromide is a very reactive liquid attacking both 
cork and rubber very readily. It is soluble in the more inert organic solvents — 
e.g, benzene, carbon disulphide, carbon tetrachloride, and chloroform. It reacts 
vigorously with acetone, formina: a vapour which has a very irritating effect on the 
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eyes ; with (>rganic ucids it iorms acid l)romidt„‘s just as lliioiiyl chloride gives acid 
chlorides. The currosponding t/riovi/l iodide, SOL, has not h(‘en jirepared. 

A. Besson reported thionyl chlorobromide, SOOlDr, to he formed as jast; 
indicated. It is described as a pale, yellow' li<[uid which boils a,nd slightly deconi' 

])oses at about lib” iindm' normal press., and does 
not solidify at --23^" ; tlie sp. gr .2-31 at if. At 
a temp, a little above its h.p., it docoiniioses into 
sulphur dioxi(h‘, thionyl (ddoridc, hromine. and 
sulphur broinnle, and tfi(‘ same deco m])osition takes 
plaee slowlv" in the cold. The chlorobromide is 
rapidly ilecoinposed hy water. In contact with 
nnn'cury, lli'nmyl ciilorido and niercurons bromide 
are formed, sulphur is liberated, and sulphur di 
oxide is givmn otT. 11. A. hi ayes and J. E. Part- 
ington measured the f.p. of mixtures of thionyl 
chloride and liroiuide, and the results are illustrated 
by Fig. 14 1. The simple mixed-crystal curve shows 
a minimiini, bxit no eutectic. They were also 
unable to establish ih(' existence of thionyl chloro- 
bromide as a lu'oniination product of thionyl 
chloride hecause (i) it is impossible to separate any 
constant-boiling licjuid; otlun* than thionyl chloride 
and thionyl hronud(‘, from ih(‘ product of hrominalion of thionyl chloride with 
liydrogen hroniide. (ii) Tlie freezing-point mirve. sliows that no intermediate 
compound is present in mixtures of thionyl cdiloride and bromide, (hi) Physical 
properties show that the product of brominat-ioii of thionyl chloride is exactly the 
same as mere mixtures of thionyl chloride and bromide. 
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Fig. 144. — P'roezing-poiui (Jurv^os 
of Mixtures of Tiiionyl Chlondo 
and Bromide. 
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§ 51. Solphuryl Halides 

H. Moissan and P. Lebeau i prepared snlphtiryl fltioride, SO2F2. by passing 
fluorine into an apparatus containing sulpbur diozide so deposed that the former 
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as it readies the latter is strongly heated by means of a platinum wire placed at 
the inner end of the inlet tube and rendered incandescent by an electric current. 
Without this device, the combination of the gases is delayed, and then subsequently 
takes place with explosive violence. The gas may also be obtained by passing 
fluorine into moist hydrogen sulphide, when the former burns quietly with a blue 
flame ; the product also contains silicon tetrafluoride, sulphur hexafluoride, and 
thionyl fluoride ; when the experiment is performed in glass vessels, the presence 
of moisture is not essential, the necessary oxygen being derived from the action of 
the hydrogen fluoride produced on the silica. The sulphuryl fluoride, freed from the 
other products by washing with water and with copper sulphate soln., is dried over 
fused potassium fluoride, liquefied, and fractionated in vacuo. 0. Rufi did not 
agree with T. E. Thorpe and W. Kiiinan’s assumption that sulphuryl fluoride is 
formed by boiling fluosulphonic acid : 2F(HS03)=S02E2+H2S04, because the acid 
is stable up to 900"^ ; but VV. Traube said that sulphuryl fluoride is probably formed 
when sodium fluosulphonate is heated in an atm. of carbon dioxide : ^NaSOsF 
=Na2S044-S0oF2 1 J^^id W. Traube and co- workers said that the most convenient 
way of making sulphuryl fluoride is to heat barium fluosulphonate to redness, 
Sulphuryl fluoride is said to be a very stable compound which at ordinar}^ 
temp, occurs as a colourless, odourless gas ; which liquefies at —52°, and solidifies 
in liquid oxygen. The vapour density at 15° is 3-55 when the value calculated for 
SO2F2 is 3-53. The melting point is —120°, and the vapour press.' at -^120° is 
65 mm., and at —80°, 241 mm. The boiling point is —52°. The gas is stable at 
temp, below dull redness, but when strongly heated in glass vessels, it interacts with 
the silica, forming silicon tetrafluoride and sulphur di- and tri-oxides. When mixed 
Avith hydrogen, and heated to redness, a white solid is formed, yielding sulphuric 
and hydrochloric acids when treated with water. The gas is but slightly decomposed 
by oxygen even when aided by the electric spark ; the gas has no action on water 
at 150° ; one part of the gas dissolves in 10 parts of water at 9°. Huorine has no 
action even at 200° ; hydrogen chloride has no action at a dull red-heat ; sulphur 
readily decomposes the gas at a red-heat in glass vessels, forming silicon tetrafluoride 
and sulphur dioxide ; selenium acts like sulphur ; hydrogen fluoride at a dull red- 
heat gives a deposit of sulphur ; sulphuric acid does not dissolve the gas ; ammonia 
at ordinary temp, forms sulphuryl pentamminofluoride, SO2F2.5NH3, which is 
soluble in water. Sulphuryl fluoride has no action on phosphorus ; neither does it 
act on arsenic ; carbon behaves similarly ; alcohol absorbs three times its voL 
of the gas at 9° ; boron has no action ; silicon slightly decomposes' the gas, hut the 
reaction is not complete in an hour ; fused sodium» and calcium completely absorb 
the gas, forming the corresponding sulphides and fluorides ; magnesium, and non 
have no action even at a red-heat ; an aq. soln. of potassium, calcium, or barim 
hydroxide slowly absorbs the gas, but an alcoholic soln. of an alkali hydroxide 
rapidly absorbs the gas. 

In 1838, in his memoir : Sur Vacide chlorosulfurique et la sulfamide, 
H. V. Regnault 2 described how a mixture of equal vols. of chlorine and sulphur 
dioxide when exposed to sunlight, produces fumes which in the course of a few days 
condense fox the most part to a liquid. This liquid may be purified by distillation 
over mercury, rejecting the first fraction, since it may contain sulphur dioxide. 
The product is sulphuryl chloride, SO2CI2. A. Coehn and H. Tramm, and J . Cathala 
found that the reaction is completely inhibited by the intensive drying of the gas. 
M. Traute observed that the attainment of equilibrium in the balanced reaction: 
S02Cl2^S02-|“Cl2 is accelerated by animal charcoal, but not by cocoa-nut charoo^ 
to any marked degree ; and W. J. Pope showed that bone charcoal or activated 
wood charcoal is a convenient catalyst for promoting the union of the two gases to 
form sulphuryl chloride. Combination occurs instantaneously when the reason 
vessel is cooled to 30° — ^E. Terlinck recommended —10° — and the cHoride is 
condensed and can he drained away as rapidly as it is formed. No 1^^^ 
life of the catalyst has been observed- T'ha 
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uEd C. M. Sails, E. Scliering, E. Terlinck, and F. Bayei and Co. According to 
H. Danneel, siilpliiiryl chloride is easily prepared by the interaction of sulpliur 
dioxide and chlorine in ])re3euce of activated carlion if provision is made for 
removing the heat of reaction, e,g,, by allowing the catalyst tube to fill with 
sulphuryl chloride and cooling externally. The sulphury] chloride overflows as it 
is formed through a side tube into a collecting vessel, a yield of 100 per cent, being 
readily obtained. In the system SOoCLv^Cl-j-SOo, it was found that the percentage 
dissociation^ a, 

102® 109® 110 6® 136-8° 15S 6° 176 S° 178-5° 191-1° 

a . 91-24 92'82 94-00 96-68 97-30 98-00 98-04 98-20 

The equilibrium constant K in/i[S02Cl2]=[S02][Ci2] is given bylogZ=— 2254*2r“"i 
— 1-75 log T — 0*000455T+C'. The calculated value for C is 3*32, but the observed 
values are between 2*98 and 1*35. S. Dushman, C. N. Hinshelwood and 
C. E. Prichard, and D, AlexejefE made observations on this subject. C. N. Hinshel- 
wood and G. E. Prichard showed that the reaction occurs mainly in the walls of the 
containing vessel. D. E. Smith found that the velocity of decomposition is a first 
order homogeneous reaction, and can be represented by — dpldt=hp, ivhere at 
289*3^, 299*5^, 320*1°, and 339-4° the values of 7 jx 10’^ are respectively 6*09, 27*1, 
132*1, and 274*2. M. Trautz and D. S. Bhandarkar assumed that the dissociation 
of a moL depends on the number of collisions between its constituent parts, and they 
derive k~S'12xlO'^a~^{{A-^B)lAB]iT'^i — Q/RT^ where a represents the mean 
diameter of the reacting molecules ; A, 
the mol. wt. of sulphur dioxide ; and B, 
that of chlorine. D. F. Smith found 
values of Q calculated by this equation 
gave satisfactory results. Y. K. Sirkin 
found that the quantum theory — 4 . 25, 8 
— did not apply to the decomposition of 
sulphuryi chloride. H. L. F. Melsens 
obtained sulphuryi chloride, without the 
aid of sunlight, by passing sulphur di- 
oxide and chlorine into glacial acetic acid, 
and separating the sulphuryi chloride 
from the chioracetic acid, simultaneously 
formed, by fractional distillation ; and it 
is also formed by the action of sulphur dioxide on carbon saturated with chlorine. 
According to H. Schulze, the presence of ethylene, charcoal, glacial acetic acid, and 
camphor accelerate the union of the two gases in the absence of sunlight. By passing 
sulphur dioxide and chlorine gases alternately through a flask containing a small 
quantity of camphor, say 5 grms., a large quantity of sulphuryi chloride can be 
easily prepared — e.g, 472 grms. after 15 operations when the action had almost ceased. 
Y. Thomas and P. Dupuis said that sulphur dioxide unites with liquid chlorine. 
The Badische Amlin- und Sodafabrik prepared sulphuryi chloride* industrially by 
dissolving some camphor in liquid sulphur dioxide, and then adding the calculated 
quantity of liquid chlonne. The sulphuryi chloride can then be distilled from the 
product. A. Frahkel described the preparation of sulphuryi chloride by a similar 
process. T. P. van der G-oot measured the f.p. of mixtures of chlorine and sulphur 
dioxide, expressed as molar precentages, and found : 

SOa . 0 0-7 3-0 9-6 24-1 64-6 70-9 91-4 lOO 

P-p. . -109-9° —101*1° -102-2° —95-3® —89-4° —86-7° -84-7° —79-7° —75*2° 

These data, plotted in Fig. 145, show that no chemical combination occurs ; if, how- 
ever, a trace of camphor be present, the curve, Fig. 146, is obtained, where the maxi- 
mum at — 54*1° corresponds with the formation of sulphuryi chloride, SO 2 CI 2 . The 
eutectic, at — 107*5° corresponds with 15-3 molar per cent, of SO 2 , and that at 



Fig. 145. — ^Freezing- 
point Curve of the 
Sj^tem : CI2-SO2 
(without catalyst) - 


Fig. 146. — ^Freezing- 
point Curve of the 
System : CI 2 — SOj 
(with catalyst). 
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83'5''’ with about 85 per cent. SO^. A. Sniits and W. J. de Mooy found —102»S° 
for the eutectic temp, with 1-9 molar per cent, of sulphur dioxide. 

According to H. Schuke, camphor readily absorbs sulphur dioxide and thereby liquefies: 
and the absorbed gas escapes when tlie licpiid is exposed to air. Chlorine gas has no action 
on camphor but it is greedily absorbed by the above liquid until saturated, and a soln. of 
camphor in sulphuryl chloride is formed, wdiich can be easily separated and obtained pure 
by distillation. This action cannot be due to the mere condensation of the sulphurous 
anhydride and its action in the liquid state on the chlorine, for these two gases do not 
combine cv^on when condensed and cooled to — 20° : but, on the other hand, in presence ot 
camphor the reaction takes place even at — 20°. Sulphurous anhydride combines in large 
proportion with and liquefies glacial acetic and formic acids ; these acids are scarcely 
attacked by chlorine if sunlight is exckided, but the suli>hurous compounds 'greedily 
absorb chlorine with formation of sulphuryl chloride, the acetic and formic acids remaining 
almost unacted on ; thus their mode of action seems to resemble that of camphor. Alcohol 
and acetone also absorb quantities of sulphur dioxide ; chlorine passed tlirough these 
liquids acts on tlie alcohol and acetone, and in proportion as this proceeds the sulphurous 
anhydride escapes without being acted on. Other absorbents of sulphurous anhydride are 
sulphuryl chloride itself, and liquid sulphur tri oxide. Chlorine passed into the latter soin, 
does not yield a trace of sulphury! chloride, no more than it does with the former. Tur- 
pentine absorbs sulphur dioxide, but it does not effect the union of this body with chlorine. 
Carbon bisulphide and. chloroform absorb chlorine, but the soln. is not acted on by sulphur 
dioxide. It cannot be supx^osed that the action of camxihor, or acetic or formic acids, is 
due to their combining momentarily with chlorine, and then passing it over to the sulphur 
dioxide m sialu nascendi, for the first two undergo substitution to a slight extent only 
and the last is completely decomposed into carbonic anhy’-dride and hydrochloric acid. If 
chlorme is jDassed into a soln . of sulphur dioxide in eamxihor, but not to saturation, and the 
bulk of the sulxjhuryl chloride is then removed by distillation and the rest by shaking 
repeatedly with water, there remains pure camphor containing no trace of chlorme sub- 
stitution-products. But if chlorine is passed to saturation, substitution-products are 
formed, and increase in quantity on standing and introduction of more chlorine ; at 0^. 
however, this action is extremely slow. The solvent power of the sulphuryl chloride formed 
doubtless helps the action of the camphor ; but this dilution of the camphor, most favour- 
able at 1 : 5(J, stops the reaction at 1 : 100. A mixture of the two gases has naturally the 
same efi'ect as above, but nob until about two parts of sulphuryl chloride are formed to 
one of camphor does the reaction go on rapidly. With glacial acetic acid, the preparation 
may be carried on just as easily, but with formic acid, when about five times its volume of 
sulphuryl chloride is formed, the liquid separates into two layers, the upper one consisting 
of the formic acid containing some sulphuryl chloride, 

G. Cusmano said that the life of the catalyst employed in the reaction 
S02+Cl2=S02Cl2 depends on its resistance to chlorination by chlorine or sulphuryl 
chloride ; he found that ketocineole, cyclohexanone, menthone, and tetrahydro- 
carvone act like camphor in accelerating the reaction S02+Cl2=S02Cl2? hut not so 
with a-bromocamphor, camphorsulphonic acid, camphorquinone, or monobromo- 
or monochloro-ketocineole — ^the reaction is, however, accelerated by introducing a 
positive radicle into these compounds, thus, when ammonium chloride, and nitrogen 
heated together with iron at 300® under 50 atm. press. : 3Fe+6NH4CiH-2N2=3FeCb 
-bSNHg. A gaseous mixture is obtained containing up to 99 per cent, of ammonia. 
The portion of this derived from the ammonium chloride maybe allowed toreact with 
the ferrous chloride ; the ferrous hydroxide formed is reduced and the ammomuin 
chloride recovered for further use, 

T. H. Burrans, and A. B. Roberts and T. H. Durrans found that the following substan^ 
catalyzed the reaction well : Ethyl acetate, ethyl Mobutyrate, ethyl acetoacetate, etnyi 
phenylacetate, ethyl benzoate, ethyl cinnamate, ethyl malonate, f^oamyl formate, t>oamy 
acetate, Moamyl nitrate, benzyl acetate, benzyl benzoate, benzyl cyanide, phenyl acetate, 
glyceryl triacetate, dichlorohydrin, phenyl phosphate, o-cresyl phosphate, ethyl ether, benzyl 
ether, amyl methylal, 59-tolyl methyl ether, eucalyptole, methyl-iaoeugenol, benzamenyae, 
anisaldehyde, acefcylacetone, ci/cZohexanone, acetophenone, a-pinene, limonene. Of more 
moderate activity are : Acetal, isohutyl chloride, beuzophenone, carvone, 
pyridine ; whilst those found to be inactive or nearly so comprise : methyl 
t>oamyl benzoate, methyl monochloroacetate, n-butyl trichloroacetate,^ methyl sulpnam, 
glycerol, benzoic acid, oleic acid, n-butyric acid, monochloroacetic acid, trichloroacCTic 
cinnamic acid, salicylic acid, phenylacetio acid, pentane, benzene, toluene, mtropenz^^ 
benzoyl chloride, acetyl chloride, chloroform, carbon tetrachloride. The foUo^mg 
stances on treatment with the gas mixture reacted : anisole, anethole, estragoie, ci $ 
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acetaldehyde, salicylaldehyde, einnamaldehyde, methyl, ethyl, i^-butyl, 2>9bufj1, arid 
benzyl alcohols, menthol, ?.soeugenoL and naphthalene. 

T. H. Diarrans added that acids, with the exception of acetic acid, appear to have little 
or no catahd:ic action, and acetic acid itself is but a poor catalyst, whereas esters are good 
catalysts and the salts ot acids react with sidphnrvl chloride. Otrious exceptions among 
the esters are those of the chloroacetic and sulphuric acids, which are quite inactive, 
whereas the esters of phosphoric and nitric acids are good catalysts. There seem to he no 
obvious common characteristic among the substances which catalyze the reaction to which 
this action can be ascribed nor does the degree of solubility of the mixed gases seem to 
have more than a secondary hearing. This point is further borne out by the fact that if 
a large volume of sulphiiryl chloride be taken and to it be added a small quantity of one of 
the non-catalysts no acceleration of the absorption can be noticed, this being vert- slow, 
but if a similar quantity of a good catalyst be added the eiTeet is quite decided. The use 
of one or other of the gases in an excess over the equimoiecular proportion will cause a 
progressih’’e slackening of the reaction, hut on correctly proportioning the gases in the soln., 
the formation of suiphuryl chloride will ultimately proceed smoothly, provided that the 
catalyst is itself not permanently changed. If actual chemical reaction has taken place 
betw-een one of the gas components and the catalyst, the former rate of absorption cannot 
be attamed and the reaction may- cease entirely. It is inferred that only substances 
possessing residual affinity in some form are capable of catalyzing this reaction, and that 
they exert tMs function by- forming simultaneously with both chlorine and sulphur dioxide 
loose compounds, which then proceed to interact to form suiphuryl cliloride and to 
regenerate the free catalyst. The final reaction, being bimoiecular, would have the greatest 
velocity when the concentrations of the two loose compoimds were equal — this, in fact, being 
the case. Furthermore, an excess of one of the gases tends progressively to saturate the 
cataly-st at the expense of the other gas, thus inhibiting the Snal reaction by upsetting the 
equimoiecular ratio. 

M. Trautz found the order of tke reaction in tLe presence of a little animal 
cbaicoal is more nearly normal with the decomposition than with the formation. 
In the latter case the velocity constant decreases rapidly towards the end of the 
reaction. The formation of suiphuryl chloride in glass vessels under the influence 
of light from a quartz mercury lamp is of the second order at 99°, and gives a good 
constant. The photochemical reaction does not, however, lead to suiphuryl 
chloride alone, but many other substances are formed, which cause the velocity 
constant to decrease. In the case of the decomposition, the presence of these other 
substances makes it impossible to calculate a velocity constant. An increase in 
temp, of 80° decreases the velocity of formation by an amount corresponding with 
a temp, coeff. of 0*88 per 10°. It was not possible to determine how far this is to he 
attributed to a shift in the position of equilibrium or to the disturbing influence of the 
secondary products (82012,803,80012,8205012,8203014). The velocity of formation of 
sulphury! chloride by light is of the same order as that in the presence of carbon in 
the dark, the effect being the same with a quartz merciuy lamp and with a uviol 
lamp. M. le Blanc and co-workers found that in the system S02+Cl2V^S02Ci2, the 
chlorine absorbs all light from the visible region to the middle ultra-violet and has a 
maximuin at 340/z-jLt ; sulphur dioxide has an absorption maximum at 290/ifL and a 
minimum at 240/xja ; while suiphuryl chloride vapour absorbs all light from SOO/xju 
upwards. Thq formation of secondary products in the reaction does not occur to 
the extent of 10 per cent, (i) When the system is illuminated by light which is 
almost whoUy absorbed by suiphuryl chloride, the decomposition is quantitative 
between. 55° and 100°, and the concentration has no perceptible influence on the 
course of the reaction, (ii) When the system is illuminated by light which is 
absorbed only by sulphur dioxide, only a slight reduction of press, occurs, and this is 
not due to the formation of suiphuryl chloride, but to a side reaction, (iii) When 
the system is illuminated by light which is absorbed only fay chlorine, the formation 
of suiphuryl chloride continues until a stationary condition is set up. The velocity 
and also the position of the stationary condition depend, at constant temp., on the 
presence of a small quantity of water, and the higher the temp, the earlier the 
stationary condition is reached. In a number of cases a reversal is noted, so that 
the stationary condition does not come at the end of diminution of press., but of an 
increase in press. At the temp. 105° and 125°, at which the equilibrium in the dark 
is known, the stationary condition lies more to the side of sulphury! chloride than in 
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the non-illuminated xeaction. The lower the temp, the further apart are the end- 
points of the iUuiriinated and the non-illuminated reactions. The temp, coeff of 
the formation of sulphuryl chloride from chlorine and sulphur dioxide by light which 
is only absorbed by chlorine is small, and has little influence on the course of the 
reaction. According to J. K. Syrian, sulphuryl chloride decomposes at a higher 
speed than is accounted for by the radiation theory. H. Tramm studied the efiect 
of moisture on the photochemical formation of sulphuryl chloride. 

A. Besson and L. Fournier observed that a little sulphuryl chloride is formed 
when sulphur dioxide acts on sulphur monochioride at 160'^-170°. A. W. Williamson 
said that ’when phosphorus pentachloride acts on cone, sulphuric acid, chloro- 
sulphonic acid is first formed and then sulphury! chloride. C. Gerhardt and L. Ghiozza 
said that phosphoryl chloride and sulphur trioxide are formed. H. SchiS, and 
A. W- Williamson also said that it is produced by the action of phosphorus penta- 
chloride on sulphur trioxide, but A. Michaehs did not agree, and he also said that it 
is not formed by the action of phosphoryl chloride on pyrosulphuryl chloride, 
L. Carius said that sulphuryl chloride is formed by the action of phosphorus penta- 
chloride or of phosphoryl chloride on sulphates — e,g. lead sulphate — but A. MichaeKs 
could not confirm this. L. Carius said that sulphuryl chloride is formed by the 
action of phosphorus pentachloride on henzolsulphonic acid, and by the action of 
sulphur chloride on sulphates ; and 6. Giistavson, by the action of boron trichloride 
on sulphur trioxide. 

A. W. Williamson said that chlorosulphonic acid yields small quantities of 
sulphuryl chloride on repeated distillation, but P. Behrend could not verify this ; 
however, he did find that when chlorosulphonic acid is heated for 12 hrs. to 170M80° 
in sealed tubes, it is completely converted into sulphuric acid and sulphuryl chloride, 
H0,S02.Cl~(H0)2S02+Cl2S02. The contents of the tube were repeatedly 
distilled at 110*^. The product was mixed in a separatory funnel with acid water; 
the chlorosulphonic acid is decomposed, while the sulphuryl chloride is scarcely 
attached, and collects as an oily liquid at the bottom. It is dried over phosphorus 
pentoxide, and then distilled over a water-bath. H. Beckurts and R. Otto said 
that the yield by P. Behrend’s process is small, and they found sulphur dioxide and 
chlorine among the products of the reaction since sulphuryl chloride even at 
230°~250° does not give these products. The action is therefore represented: 
2(H0)S0oCl=:0l2+H0.S02.S02.0H, and H0.S02.S02.0H-S02+H2S04. 0. Riif 
found that the reaction is reversible : 2Cl(HS03)^S02Cl2+H2S04. A. Wohl and 
0. EuS observed that the transformation of chlorosulphonic acid into molecular 
proportions of sulphuric acid and sulphuryl chloride is readily efiected by boiling the 
compound with mercury or mercuric sulphate. If the apparatus is fitted with a 
reflux condenser at 70"^, the sulphuryl chloride distils over in quantitative yield. 
The process is continuous, and other metallic salts, such as those of tin and antimony, 
may be employed as catalysts ; sulphur dichloride and iodine monochioride also 
produce the same effect. This process was recommended by L. Bert. 

Sulphuryl chloride was described by H. V. Regnault, and P. Behrend as a colonrl^s 
liquid, which fumes a little in air and possess a very penetrating odour. K. Hen- 
mann and P. Kochlin, and H. V. Regnault, P. Behrend, and B. von Pawlewsky found 
that the Tapotir density is normal for SO2CI2 up to about 160"^, and thereafter 
gradually decreases until at 440° dissociation is complete. M. Trautz, howeyor, 
found that a marked dissociation occurs at a much lower temp, than this— 
vide supra. The vap, density at 157*66° and 738*5 mm. is 24129 in agreement 
with a 93*02 per cent, dissociation ; at 198*15° and 725*7 mm., 2*3749 and a 
9641 per cent, dissociation ; and at 256*82° and 732*4 mm., 2*3386 and a 99*16 
cent, dissociation. G. Oddo and E, Serra, and 6. L. Ciamician found that the 
effect on the tp. of benzene agrees with the molecular weight of SO2CI2. 
obtained for the mol. wt. of soln. 0*527 and 2*454 grms. of sulphuryl chloride in Iw 
grms. of phosphoryl chloride respectively 179 and 145 — theoretical 135 — by thetp^ 
process ; and G. Oddo and A. Casalino, for 1*9759 and 5*5435 erms. of sulphurfi, 
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cUoride in 100 grms. of tiie complex SO 3 . 2 POCI 3 , lOT-2 and 106-2 respectively. 
E. B. R. Prideanx represented tlie electronic structure : 


Cl 

Ci 




A. F. 0. Getman discussed sulphuryl cHoride as a solvent, H. T. Regnault gave 
for the specific gravity of the liquid 1*659 at 20° ; P. Behrend, 1*661 at 21° ; B. von 
Pawiewsky, 1*66738 at R. Nasini and T. Costa, 1*685 at 12*4° 4°; and 

T- E. Thorpe, 1*70814 at 0°, and 1*56025 at the b.p., 69*95° ; S. Sugden and co- 
workers gave for the sp. gr. 1*700 at 12°/4°, 1*671 at 25°/4°, and 1*640 at 38*5° ^4°, 
or at 074 °, sp. gT.=l*727 -r0-002276^. T. E, Thorpe calculated that the molecular 
volume at the b.p. is 86*29. S. Sugden, and E. Rabinowitsch studied the mol. voL 
W. Ramsay and J. Shields obtained 29*61 dynes per cm. for the surface tension at 
respectively 15*9° and 46*3°, and a2=3*51 sq. mm. for the specific cohesion at 
15*9° and 3*14 at 46*3°. They also gave 540-9 ergs, and 475*2 ergs for the mol. 
surface energy at 15*9° and 46*3 respectively. 1^. von Kolossowsky studied the 
relation between the capillary constants and the heat of vaporization. T. E. Thorpe 
found that the thermal expansion is such that unit vol. at 0° becomes, at d°, 
y=l-|-0*00123065d-|-0*06759375^2_i_o*07l45786^. M. Trautz gave —46° for the 
freezing point of the liquid ; and T. P. van der Goot, —54-1° ; H. V. Regnault 
gave 77° for the boiling point, but this datum is much too high ; S. Sugden and 
co-workers gave 70*0° to 70*2° at 772 mm.; P. Behrend. 70*5°; 6. Gustavson, 
70°-71°; F. Clausnizer, 72°-73°; J. Qgier, 69*9°; B. von Pawlewsky, 69-l°-69*2° 
at 760 mm., and 68*3° at 740 mm. ; P. Walden, 68° at 745 mm., and 69*6° at 
771 mm. ; while J. Thomsen gave 70° at 765 mm. M. Trautz obtained for 
the vapour pressure, p mm., p=0*2 mm. at —78° : 

0® 17-99* 34*73* 44*75* 49-95* 54-97® 59*62= 64-94* 68*71* 

p . 40*92 95*2 209*6 314*8 385*6 463*4 546*4 656*2 744*7 


The dissociation of the vapour prevented B. von Pawlewsky measuring the critical 
temperature. M. Trautz found the heat of vaporization. A, to be 6*829 Cals, per 
mol. at 64*02° ; 6*178 Cals, at 64*52° ; 6*683 Cals, at 69-13° ; and 6*667 Cals, at 
69*2°; and he gave A=(l — 0*0181 8p)(8940+3*5T — 0-02845T2), where ^ denotes 
the vap. press, in mm. at the absolute temp. T°. J. Ogier gave 524 cals, per gram 
for the heat of vaporization, and 0*233 for the specific heat of the liquid between 
15° and 63°. M. Trautz gave 0*112 for the sp. ht. of the vapour between 16° and 
99° ; and for the molecular heat, Cp=16’5. E. Beckmann studied the use of 
suiphurjl chloride as an ebulliscopic solvent. J, Ogier gave for the heat of forma- 
tion (S, 02 ,Cl 2 )— 82*54 Cals. ,* and J. C. Thomlinson found that the calculated heat 
of formation of 87*948 Cals., agrees best with the assumption that the sulphur is 
sexivalent 02 =S=Cl 2 . M. Trautz gave for the heat of formation {S 02 ,Cl 2 ) =18-696 
Cals., 7*55 Cals, for the heat of liquefaction at 17*84° ; and hence, at 0 °, the heat of 
formation is 10*304 Cals, per mol. The calculated chemical constant is 3*32. 
J. Thomsen found for the decomposition of sulphuryl chloride by water, 
(S 02 Cl 2 ,Aq.) =62-904 at 17*839° D. E. Smith calculated the thermal value of the 
reaction to he 46-4 Cals, between 289-3° and 299*5° ; 51*85 Cals, between 299*5° and 
320*1° ; and 55*7 Cals, between 320*1° and 339*4°. R. Hasini and T. Costa gave for 
the index of refraction 1*458, 1*452, and 1*443 respectively with the Hy-mj, the 
jP-ray, and the C-ray at 12*4°. B. von Pawlewsky gave 1*44372 for the D-ray at 
20°, and 35*92 for the molecular refraction, when the value calculated for quadri- 
valent sulphur in the formula 


>S< 


Cl 

Cl 


is 35-7 6-35*89. M. le Blanc and co-workers found that the absorption spectrum of 
sulphuryl chloride vapour extends from 300/t/z upwards. P. Walden found sulphuryl 
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chloride to he an ionizing solvent , and he gave 8-5 for the dielectric constant 
20" ; and H. Schlundt, 9-15 at 22". 

TI. V. Reguaiiit observed tlnit sulphury] chloride is (h^coniposed by water into 
hydrochloric and sulphuric acids with tlie evolution of much heat ; a little moisture 
wjvs stated by W. Odling to transform it into chlorosiilphonic acid. G. Carrara and 
1. Z(t]>pe!lari observed that in this non-homogeneous system, the reaction is of the 
first order, and obeys the same laws a,s a-ctions of the same order in a homogeneous 
system. Tiie velocity of the reaction is the same when O-JiV-KOH is used instead 
of water, thus showing that the sulphurvl cldoridi' is decomposed ]>y the water and 
not by the alkaii-iye. A. von Bayer and V. Villiger said that the monohjdrate 
m produced on adding sulpluiryi chloride to ice-cold water; the 
substance resembles camphor in appearance and melts at the ordinary temp. It 
is only slightly soluble in cold water, and is but slowdy decomposed by this solvent 
at 0" ; on allowing the temp, of the mixture to rise, the (‘rystals disappear and the 
original chloride is regenerated, the inverse cliangi' taking place w^hen the reagents 
are cooled. The hydrate is stable even in the presence of sodium hydrocarhonate, 
and the formation of the crystals is observed on adding sulplmryl chloride to an 
ice-clad aq. solti. of this alkali. The stability of the hydrate towards water and the 
hydrocarbonate seems to indicate that the elenmnts of wmter are not added to 
the acid chloride in such a manner as to form the dihydroxide, SOCl3(QH)2, for 
such a substance has a constitution corresponding wdth chlorosulphonic acid, 
SOClfOH), a compound instantly decomposed in aq. soln. G. Carrara has 
criticised these observations. A. Michaelis found that the first product of 
the action of a little water on snlphuryl chloride is chlorosulphonic acid: 
S0aCl2+H20=HCl+H0.S02.CL According to B. H. McKee and C. M. Sails, in 
cases where the surplus chlorine of an electrolytic plant is given oS as hydrochloric 
acid, it is economical to convert it to sulphuryl chloride, and decompose the latter 
where the acid is required. The reaction is carried out in a packed tower with steam 
and sulphuryl chloride in the vapour phase, and dil. sulphuric acid as liquid. The 
heat of the reaction is 67 cals, per mol SO2CI2. T. R. van der Goot obtained for the 
f.p. of mixtures of chlorine and sulphury] chloride, expressed as molar percentages : 

SOaCla . 0 3*3 22*7 30*5 64*0 84-5 91*2 100 

p.p. . -109*1*^ -100*4° --74*2'' -61*4° -58*4° -54*1° 


The results are plotted in Mg. 147. 
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The eutectic, is at —109*1" and 22*7 molar 
There is no sign of a higher chloride. M. Trautz observed that 
hromine and iodine exerted no catalytic action on the de- 
composition of sulphuryl chloride at 99*3"; and 0. Ru5 
found that sulphuryl chloride does not react with' iodine 
alone, but it does so in the presence of aluminium chloride or 
iodide, forming iodine monochloride : SO2CI2+I2—2ICI+SO25 
and the trichloride when the sulphuryl chloride is in consider- 
ahle excess : 3S020l2'd~l2^^^1Gl3~j“3S02* A. Resson observed 
that dry hydrogen bromide at ordinary temp., or when gendy 
heated, decomposed sulphuryl chloride, forming ^ bromine, 
hydrogen chloride, and sulphur dioxide ; hydrogen iodide be- 
haves similarly, but some sulphur is liberated and water 
formed. M. Trautz observed no reaction with calcium hypo^ 
chlorite at 99*3". 

M. Trautz showed that sulphur does not exert any catalytic action on the 
decomposition of sulphuryl chloride at 99*3" ; K. Heumann and P. Kochlin observed 
no chemical action ; and 0. Ruff found that sulphur crystallizes unchanged from 
sulphuryl chloride when the two substances are heated together at 130" and subse- 
quently allowed to cool. H. B. North and J. C. Thomson found that at temp, 
from 75"-"85", the sulphuryl chloride dissolved and crystallized on cooling ; betw^h 
95"-9S", about one-fifth of the sulphur separated on cooling ; and none after heaf^ 
to 125"; and the reaction SO2CI2+2S— S2CI2+SO2 appeared to be complew. 


Fig. 147.^ — ^Freezing- 
point Curve of the 
System : 
Cla-SOaCh. 
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According to O. Euf?, the chlorination of .suiplinr by ^iilphiiryi chloride oulj 

when the temp, attains 200'% but if aluminium chloride be pre^^eur, tfie reaction 
S02Ci2~-*-=^2^^^2~f SO2 is quantitative between 30^ and 70' ; with less ^ulpliiir, 
the reaction S02Cl2H-S=SCi9-rS02 is quantitative at 40^. Xo tliionyl chloride was 
formed under these conditioiLs. The eSect of the alumimain chloride is attributed 
to the formation of aluminium sulpJiurylcMoride, AICI3.SO2, as an intermediate 
compound AlCl3-pS02Cl2^AlCl3.S02d-Clo, This is confirmed by the fact that whilst 
a current of dry carbon dioxide passed through a fiask containing sulphuryl chloride 
carries sulphur dioxide and chlorine with it in eq. proportions, there is an excess of 
chlorine evolved when aluminium chloride has been added to the suiphuryi chloride ; 
further, if the temp, be gradually raised to 120^ the residue in the flask is largely 
AlCis-SOo. It is assumed that the reaction is reversible, but it was not possible to 
obtain a satisfactory equilibrium constant owing to another reaction, namely : 
AICl3.S02^AlCl34-S02. The compound AiClg.SOo is stable at 100' in an atm. of 
sulphur dioxide, but in sulphuryl chloride soln. it can be entirely decomposed at the 
ordinary temp, by carrying ofl the free sulphur dioxide with a current of dry carbon 
dioxide. The net result, therefore, of adding aluminium chloride to sulphuryl 
chloride is the simultaneous production of sulphur dioxide, chlorine, and the 
double compound AICIsjBO^, in other words, aluminium 
chloride increases the extent to which sulphury! chloride is 
dissociated. The chlorine liberated in the reaction be- 
tween aluminium chloride and sulphury! chlorides converts i . j-y/ . J 

sulphur into sulphur monochloride ; and the aluminium — 1^ .1 .. X-j — ! 

chloride is regenerated by AiCls.SOg^AlCls-h-SOo. Unlike ^ — 

many other catalytic reactions, the aluminium chloride is — | — 1 

here involved in the equilibrium akin to the Pseudokatahjse of 
J. Wagner, 01 the Uehertmguyigskatalyse of W. Ostwald ; and ' 20 

when the catalytic agent increases the dissociation of one of Mokr per cent 

the reacting substances, as here, 0. Eu2 proposed the term Pig. hs. — F reezing- 
Dissociationskatalyse, P. Eohland also discussed the catalytic point Cunre of the 
reactions produced by aluminium chloride. A. Besson said pi 

that hydr^en Slllpludie acts on sulphuryl chloride in the ' ^ ® 

cold, forming sulphur, sulphur dioxide, and hydrogen chloride: SO2CI2+H2S 
=2HCl-hS02+S, but some sulphur monochloride is formed in a proportion which 
increases as the temp, rises ; some water is produced at the same time : SOqCI^ 
+ 2H2S==2H20-f S2GI2+S. T. P. van der Goot found for the f.p. of mixtures of 
sulphur dioxide and sulphury! chloride, expressed in molar percentages : 

SOaOla . 0 5*5 28*5 33-0 53-4 64-8 93*1 100 

F.p. - -75-1° -77*4° -84-5“ — SS*?"^ —74*3° -69*5“" —57-4=^ -54-1° 

The results are plotted in Fig. 148. There is here no evidence of chemical combina- 


^ ^ ^ ^ 
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The eutectic, 


and 28-5 


molar per cent. SO 2 CI 2 . For the ternary system : 

SO 2 CI 2 -CI 2 -SO 2 , Figj» 149, there is no evidence of / \ 

any compound other than sulphuryl chloride. The /\/\ 

ternary eutectic, E, is at —111*6®, and 76 per cent. / — V — \ 

of chlorine, 16 pet cent, of sulphuryl chloride, and / \/ \/ \ 

8 per cent, of sulphur dioxide. A. Michaelis re- jX 

presented the reaction with cone, sulphuric acid : 

S02a2+H2S04==:2Ci(H803). V. Lenher found that //V^^/\ f\ /\ 
sdenimii is rapidly attacked by sulphuryl chloride — V! — \ 

with the development of heat and the formation of ^ ^ 

selenium tetrachloride and sulphur dioxide ; no re- Ero. 149. — ^Freezing Points o 
action was observed with sel^um dioxide at a high A 

temp, or high press. F. Clausnizer said that sul- t ^ z a- 

phuryl chloride reacts with selenium tetrachloride, forming ClS 02 . 0 .SeCi 3 {qx.) 
and with s ^eni iin^ dioxjrdicMoride, at 170 ®- 180 ®, in a sealed tube : S 02 Cl 2 +SeOCl 
VOL. X. 2 X 


Pig. 149. — ^Freezing Points of 
the Ternary System ; 

S02C!2.-Ci3~S0.. 
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-SOij.SeOl^. B. Ton Horvatb. found that at ordinary temp., tellurium reacts with 
sulpKuryl cliloridc in an atm, of carbon dioxide at a red-heat, forming tellurium 
tetrachloride and sulphur dioxide. V Lenher observed that when sulplniryl 
chloride acts on tellurium in a scaled tube tellurium dichloride and afterwards 
the tetrachloride is formed ; and -when the vai)oiir of sulphuryl chloride is passed 
over tellurium dioxide there is no reaction. 

According to H. V. Regiiault, sulphuryl chloride reacts with gaseous ammonia 
forming ammonium chloride and sul])huryl amide. W. Traube saturated with dry 
ammonia a soln. of sulphuryl chloride in 15-20 times its vol. of chloroform, and 
obtained what appeared to be sulplmryl amide and imide (q.v.). A. Hantzschand 
co-workers obtained trisulphimide : 3SO2CI2 +12^13= 6NH4CI ~|-(S02 : 
and E. Ephraim and F. Michel, and M. G-urewitsch, found imidosulphamide (qx\) 
to be tlie chief product. The action of hydrazine compounds on sulphuryl chloride 
was discussed by E. Ephraim and E. Lasocky — vide the sulphohydrazides. 
W. C. Williams found that sul])huryl chloride is inert towards nitric acid ; and he 
represented tJic reaction with potassium nitrate : S02Clo-|-2KN03=N204-t-Clg 
-■I-K2SO4, but the reaction takes place with difhculty and is incomplete" 
T. E. Thorpe observed no reaction with silver nitrate. A. Mente found that when 
ammonium carbamate acts on sulphuryl chloride, ammonium imidosulphonate, and 
ammonium chloride are formed. M. Trautz found red and yellow phosphorus have 
scarcely any action on sulphuryl chloride at 99*3° ; K. Heumann andP. Kochlin found 
that there is only a feeble reaction with yellow phosphorus, but the reaction is more 
energetic with red phosphorus, and sulphur dioxide and phosphorus trichloride are 
formed. H. B. North and J. C. Thomson found that the reactioxr with white ox 
red phosphorus at 120° may be represented 3S02Cl2+2P=2PCl3+3S02, at a higher 
temp, and with an excess of sulphuryl chloride some phosphorus pentachloride 
is formed : PCl3-t-S02Cl2=PCl5d-S02, but this reaction is far from complete. 
A. Besson found that phosphine reacts with sulphuryl chloride, forming hydrogen 
chloride, phosphorus tritetritasulphide, red phosphorus, and traces of phosphorus 
trioxide and phospLoryl chloride. M. Trautz said that phosphorus trichloride and 
pentachloride are so gut wie wirhunglos at 99*3°, while A. Michaelis observed that 
phosphorus pentachloride gradually decomposes sulphuryl chloride, forming thionyl 
chloride, phosphpryl chloride, and chlorine. D. Balareff said that boiling sulphuryl 
chloride converts orthophosphoric acid into the pyro-acid. K. Heumann and 
P. Kochlin found that arsenic reacts vv-ith heated sulphuryl chloride, forming a 
mixture of arsenic trioxide and trichloride ; and antimony forms antimony 
trichloride. M. Trautz observed no reaction with antimony at 99*3°. E. Beckmann 
found that arsenic trioxide is not dissolved by boiling sulphuryl chloride. P. Claus- 
nizer observed that sulphuryl chloride has no action on antimony trichlori^. 
0. Rufi observed that antimony trisulphide dissolves in sulphuryl chloride, forming 
antimony trichloride with the separation of sulphur, but in the presence of aluminium 
chloride, sulphur dichloride is produced. E. E. Brown and J. E. Snyder found that 
vanadium oxytrichloride is miscible in all proportions with sulphuryl chloride. 

K, Heumann and P. Kochlin found that carbon has no action on sulphuryl 
chloride, and M. Trautz observed that while ordinary wood charcoal has very little 
action at 100°, prepared animal charcoal accelerates the attainment of the eq#i- 
brium S02Cl2^S02+Cl2, catalytically. K. Heumann and P. Kochlin showed that 
sulphuryl chloride acts on organic acids like phosphorus tri- and penta-chloride, 
exchanging the hydroxyl group for chlorine — ^thus, with sodium benzoate, hemoic 
chloride and anhydride are produced. Analogous reactions were observed 
M. Conrad and H. Reinbach, A. Peratoner, H. Kast, A. Dubois, and W. B. Snayth. 
Mercury, camphor, and iodine have been used as catalytic agents in these reactions. 
W. Foster said that when ethylene is bubbled through sulphuryl chloride, no appa- 
rent change occurs ; but by varying the conditions, ethylene dichloride and 
dioxide are formed. A. Dubois chlorinated benzene by heating it with sulphuryl 
chloride in a sealed tube at 150° ; A. Tohl and 0. Eberhard found that a temp. 
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of 160°-170" was necessary. 0. Siiberrad found that with, aiuminium chloride as 
catalyst, the chlorination of benzene occurs in a few minutes at ordinary temp. 
He also examined the effect of iodine, sulphur, thionyj chloride, sulphur monochloride, 
and ferric chloride as catalytic agents ; the best results were obtained with a mixture 
of a soln. of suiphur monochloride in sulphury! chloride along with aluminium 
chloride. A. Tohl and 0. Eberhard chlorinated bFdroearlKJlis — e.g. toluene, /i^-xyieiie, 
^-xylene, mesitylene, pseudocumene, durene, prehnitine, pentamethylbenzene, 
ethylbenzene, thopropylbenzene, and cymene — ^with suiphuryl chloride. A. Dubois 
obtained chlorobenzene from benzene and sulphury! chloride at 16'' : and 0. and 
G. A. Siiberrad and B. Parke studied the effect of various catalysts on the cHonna- 
tion of toluene. P. Behrend studied the action of suiphuryl chloride on various 
alcohols — methyl, ethyl, isobutyl, and benzyl — and found that the corresponding 
chlorosulphonate is formed : S02Ci2+CH30H=HCld-Gi.S02.0CH3. R. Levaillant 
and L. J. Simon showed that the reaction with methyl alcohol probablv occurs in 
two stages: S02Cl2+CH30H=:CH30.S02.Cl+HCl and OHsO-SOsUlw-UHaOH 
=(GH3)2S04d-HCl. F. W. Bushong studied the action of suiphuryl chloride on 
sodium aicoholates. H. Danneel discussed the properties of soln. of paraldehyde 
and metaldehyde in suiphuryl chloride ; K. G. I^Taik and M. L. Shah, the action of 
suiphuryl chloride on substances containing methylene. L. Wenghoffer, and 
W. Eller and L. Xiemm, chlorinated axomatic amines — e.g. a nilin e — ^by sulphury! 
chloride ; and K. Fuchs and E. Klatscher, a-trioxymethylene ; B. Holmberg 
represented the reaction with mercaptans^ 2C2H5.SH+S02Cl2==(C2H5)2S2-f SO^ 
+2HCL The reaction was studied by H. S. Tasker and H. 0. Owen. A. WoM 
chlorinated acetic acid by heating it with suiphuryl chloride at 115°~120° under 
4 to 5 atm. press. U. Golacicchi studied the action of suiphuryl chloride on 
a-dimethylpyrrole ; B. Oddo, and E. Cherbuliez and 0. Schnauder on organo- 
magnesium compounds ; T. H. Durrans, on monosubstituted benzenes. 

M. Trautz observed that silicon has no action on suiphuryl chloride at 99-3®. 
F. Clausnizer observed that suiphuryl chloride does not react with silicon tetra- 
chloride. K. Heumann and P. Kdchlin found that suiphuryl chloride does not 
attack sodium vigorously. E. Fromm said that a soln. of suiphuryl chloride 
in absolute ether does not act on sodium or on powdered copper. H. B. North 
found that silver does not react with suiphuryl chloride even at 300° ; gold is 
attacked after a prolonged heating in a seai^ tube at 150°, forming anhydrous auric 
chloride. E. Fromm found that an ethereal soln. of suiphuryl chloride does not act 
on magnesium. H. B. North said that zinc, and cadanium do not react at 300° ; 
but E. Fromm and J. de Seixas-Palma represented the action of a dry ethereal soln. 
of suiphuryl chloride on zinc-dust in the cold by SO2Gl2+2Zn=Zn0l2+2nS02 — 
zinc sulphoxylate — and Zn-f'S02Cl2=ZnCl2+S02. H. B. North found that 
menjury reacts Hg+S02Cl2=H^2+S02 at 160°-180°, and with an excess of 
mercury, the solid product is mainly mercurous chloride ; and at 99*3°, M. Trautz 
observed that mercury and alomininm powder have no effect on suiphuryl chloride. 
K. Heumann and P. Kochlin found that tin is not strongly attack^ by suiphuryl 
chloride. M. Trautz observed that vanadium, molybdenum, and tungsten have 
no effect on suiphuryl chloride at 99*3° ; and a similar result was obtained with 
powdered iron. E. Fromm observed that an ethereal soM. of suiphuryl chloride 
does not act on powdered iron. R. H. McKee and C. M. Sails found that iron is not 
attacked at ordinary temp. H, B, North found that iron behaves like gold, forming 
anhydrous ferric chloride ; and similarly with ^blinum, which forms anhydrous 
platinic chloride; M. Trautz observed that palladium black has no action on 
suiphuryl chloride at 99*3°. 

B. Spelta said that suiphuryl chloride is readily formed from chlorine and sulphur 
dioxide and is readily decomposed into these components. The chlorinating action 
of suiphuryl chloride is attributed to a slightly stable linking between the sulphur 
dioxide and chlorine. This hnlring must have a special form since rupture occurs 
preferably in the presence of dements having an electropositive character. 
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I. Giiareaclii found that snlphuryl chloride is absorbed by soia«lime. Stilpharvl 
chloride does not react with mercurie oxide x:>repared in the dry way, but yellow 
mercuric oxide readily reacts with sulphuryl chloride in a sealed tube at ISO""- 
2Hg0+S02Cl2=HgS04+HgCl2 ; but if the sulphuryl chloride be in excess, some 
sulphur trioxide is formed : Hg0+S02Cl2— HgCl2+S03. H. B. North found that 
red mercuric oxide behaves similarly at Some mercurous chloride is 

also produced. E. Spelta observed no reaction between sulphuryl chloride and lead 
oxide heated in a sealed tube for several hours at 140°“150° ; the reaction with 
lead dioxide may take place with explosive violence : 2Pb02+S02Cl2=PhS04 
+PbCl2+02 ; if the sulphuryl chloride is in slight excess, the temp, may rise above 
its b.p. and chlorine may be formed. M. Trautz observed no reaction occurs with 
oisprous chloride at 99*3'' ; E. Beckmann found that boiling sulphuryl chloride 
does not dissolve molybdenum trioxide or tungsten tnoxide. M. Trautz 
observed that at 99-3° sulphuryl chloride has no action on mercurous or mercuric 
chloride, aluminium, chloride — vide su2)ra — stannous chloride, anhydrous ferric 
chloride, or potassium dichromate. F. Clausnizer observed no reaction between 
sulphuryl chloride and stannic chloride. 0. Ruff said that molybdenum peata- 
chloride readily dissolves in sulphuryl chloride to a brown soln., and is then readily 
reduced (by sulphur, for example) to the yellow dichloride ; on adding aluminium 
chloride, it is immediately rechlorinated with evolution of sulphur dioxide, and, on 
cooling, a double-compound of molybdenum pentachloride and sulphur chloride 
separates from the soln. 

According to W. Odling,^ sulphuryl bromide, S02Br2, is produced, slowly and 
incompletely, when a mixture of bromine and dry sulphur dioxide is exposed to 
sunlight. The product was said to be a white, crystalline solid which, when heated 
with an excess of silver sulphate in a sealed tube, forms silver bromide and sulphur 
trioxide : S02Br2+Ag2S04=2AgBr+2S03. F. Sestini observed that liquid 

sulphur dioxide dissolves bromine, forming an orange-red liquid which does not 
change its colour in sunlight. Neither G. Gustavson, nor H. L. F. Melsens was 
able to confirm W. Odling’s statements. M. Trautz said that sulphuryl bromide is 
not formed from sulphur dioxide and bromine at temp, between 106® and 202° ; or in 
light from a Nernst’s lamp in the absence of catalysts. H. Schulze observed no 
formation of sulphuryl bronaide from bromine and sulphur dioxide in the presence 
of camphor ; or when sulphuryl chloride is treated with hydrogen bromide : 
2HBr-f~S02Cl2=Br2+S02+2HCl. According to H. Danneel, if sulphuryl broniide 
really exists, it decomposes at 18"° with the evolution of sulphur dioxide. T. P. van 
der Goot measured the f .p. of mixtures of bromine and sulphur dioxide, and, express- 
ing the results in molar percentages, found : 

Br. 100 76-5 69-4 26-9 15-7 2*5 1-0 0-7 0 

F.p. -^7-1° -13-3® -13-8° -21*7^ -58-0'^ -75-5“ -75-3** -76-r 


The results are plotted in Fig. 150. The eutectic is at — 75-5° and 1*0 molar per 

cent, of bromine. The same curve was obtained 
in darkness, in light, and in the presence of cam- 
phor as catalyst. The general form of the curye is 
like that with the Cl2-"S02“System, Figs. 145 and 
146. 

W. Odling %aid that when a mixture of iodine 
and dry sulphur dioxide is exposed to sunhght a 
compound corresponding with sulphuryl cUoiide 
- 0 20 W 60 SO too is slowly formed — ^presumably sulphuryl iodi^ 

Mokr per cent S02l2- F. Sestini found that liquid sulphur dioxide 

Vio. 160.-Free.mg-poiixt Outve dissolves about oue-seveutieth part of 

Of the System ; SOa-Bra. proximatelj 1 c.c. dissolves 0-1 grm. o* iodine- 

forming a brownish-xed liquid which does not 
change in sunlight, and which furnishes crystals of iodine when cooled. H. Schuke 
observed no formation of sulphuryl iodide from sulphur dioxide and iodine in m© 
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presence of camphor, or when hydrogen iodide acts on sulpaErji chloride : 
2HI-r-S02CL=2HCl+l2-i-S02. There is therefore no reliable evidence establish- 
ing the indiiddnaEty of snlpliiiiyl bromide or iodide. 
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§ 52. Sulphur OxyhaUdes 

H. Rose's observations,^ mentioned in his paper : Eine der SeJmef els dure entsprech' 
e7i(le U/ilowerhindung dcs Schtrefeh, on the action of sulphur monochloiide on 
.siil])hur trioxide have been previously discussed ; he observed that pyrosulplmryl 
chloride, ^ ])roduct of the reaction ; and he regarded it as a compound of 

two inols. of sulphur trioxide in which an atom of bivalent oxygen is replaced by two 
atoms of univalent chlorine, Ci.S02.0.S02.Cl. He recommended the following mode 
of })reparing this compound : 

Mix 20 to 30 vols. of fuming sulphuric acid, cooled by a freezing mixture, with one vol. 
of sulphur monochlorido. saturated as mxich as possible with chlorine. The dark brown 
mixture on which a lighter liquid generally Boats, is distilled. The excess of sulphur mono- 
chlorido together with much sulphurous acid passes over Brat, and afterwards pyrosulphuiyl 
chloride. Sulphuric acid remains in the retort. The distillate is freed from sulphuric 
acid by fractional distillation. 

The reaction is presumably : 5SO3+S2CI2—S2O5CIJ2+SSO2. Sulphur triozide 
may be chlorinated in other ways : A. Michaelis used thionyl chloride : 
2S034-SOCl2=S2O5Cl2+SO2, phosphorus pentachloride : 2S03+PCl5=S205Cl2 

+POCI3, or phosjihoryl chloride in a sealed tube at 160^^ : 6SO3+2POCI3 
=3S205Cl2+p206 ; H. E. Armstrong, chloroform : 2SO3-f-CHCl3=S2O5Cl2+C0 
+HC1; H. B. Armstrong, G. Oddo and A. Sconzo, G. Oddo, H. Erdmann, V. Grignard 
and P. Muret, and P. Sohutzenberger, carbon tetrachloride, 2SO8+CCI4—S2O5CI2 
+COCI2 ; M. PrudTiomme, carbon hexachloride, 2S03+C2C16—S205C12+C20C14; 

G. Gustavson, silicon tetrachloride, 4S03+BiCl4=2S205Cl2+Si02 ; and A. Rosen- 
stiehl, sodium chloride, 4S03+2NaCl=S205Cl2+Na2S205. Chlorosulphonic acid cm 
be employed in place of sulphur trioxide, and A. Michaelis heated this substance with 
phosphorus pentachloride, 2ClHS03+PCl5=S205Cl2+P0Cl3+2HCl ; andG.BilHtz 
and K. Heumann, D. Konowaloff, and J. Ogier heated phosphorus pentoxide, and 
chlorosulphonic acid in a flask fitted with a reflux condenser: 2HC1S03+P20^ 
=8205012 -f-SrHPOg, and obtained a 93 per cent, yield. C. Moureu heated 2 mols of 
sulphuric acid with 3 mols of thionyl chloride and obtained pyrosulphuryj. chloride ; 
A. Ditte heated sodium hydrosulphate or ferrous sulphate and sodium chloride ; and 

H. Quantin, potassium or barium sulphate at a red-heat with carbon tetrachloride, 
W. Prandtl and P. Borinsky found this to be the most convenient process. 
A. Besson found that pyrosulphuryl chloride partially decomposes when boiled under 
ordinary press., but it can he fractionated under reduced press., and boils at 53 
under a press, of 16 mm., whilst chlorosulphonio acid boils at 65® under the same 
press. It can be freed from chlorine by agitation with mercury, care being taken to 
keep the temp, well below 60®. Sulphur trioxide and chlorosulphonic acid are 
removed by adding phosphorus pentachloride in excess, and the pyrosulphuryl 
chloride is then readily purified by fractionation. Attempts to make pyrosulphuryl 
clxlorlde by heating sulphuryl chloride and sulphur trioxide at 100®, or by pw* 
longed exposure to sunlight, were not successful. 
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Pyrosulpliliryl cMoride is at ordinary temp, a colourless, mobile, refracting liquid. 
It fumes in air less tlian sulphur trioxide^ and it has a peculiar odour quite distinct 
from that of sulphur dioxide. It was analyzed by H. Eose, A. Eosenstiehi, and 
H. E. Armstrong. H. Eose found the vapour density to be 4-329-4-5S6 ; J. Ogier, 
3*73 to 3*74 ; A. Eosenstiehi, 3*76, and 5*66 at 202^ ; W. Prandtl and P. Borioshr, 
5*94 to 7*27 ; and D. Konowaloif, 7-3 when the calculated value for S*205CL is 7*43. 
The high result was attributed by K. Heumann and P. Kochlin to the presence of 
sulphuric acid ; and the low results were attributed by D. Konowalof! to the presence 
of some chlorosuiphonic acid ; but K. Heumann and P. Kochlin showed that the 
results between 160^ and 442° depend on the temp, Hear the b.p., the observed 
vapour density is near the theoretical value for S2O5CI2, hut at 442°, the observed 
density is only half the theoretical value. H. Eose said that the vapour 
withstands a temp, of 217° without decomposition, but when passed through a 
red-hot tube it is partially resolved into chlorine and sulphurous and sulphuric 
oxides. The higher the temp, the greater the decomposition. H. E. Armstrong 
found evidence suggesting that a part of the sulphur trioxide unites mth the 
excess of sulphuryl chloride, forming a liquid boiling below 100° and decom- 
posing into its constituents in a current of carbon dioxide. According to 
A. Eosenstiehl, pyrosulphuryl chloride is completely decomposed at 200°, but 
not into sulphuryl chloride and sulphur trioxide as suggested by A. Lieben. 
The specific gravity was found by H. Eose to be 1*818 at 20°; A. Michaeiis gave 
1-819 at 18° ; G. Carrara and I. Zoppeiari, 1*8512 at 1174° ; Y. Grignard and 
P. Muret, 1*834 at 19°; A. Eosenstiehi, 1*762; and D. Konowaloff, 1*872 at 0°. 
W. Prandtl and P. Borinsky gave 1*876 at 0°, and 1-844 at 18°. T. B. Thorpe found 
1*85846 at 0°, and 1*60610 at the b.p., 139*59° ; the molecular volume at the b.p. is 
133*55 ; and the thermal expansion is such that the unit voL at 0° becomes, at 0°, 
v=l+0*C009683e+0*0686709d2+0*07l8623eA D. Konowalofi gave 0-249 for the 
specific heat between 18° and 80°, and 0*254 between 21° and 152° ; J. Ogier gave 
0*258 J)etween 15° and 130°. A. Besson foxmd that when the purified liquid is 
strongly cooled, it forms a white, crystalline solid with the meliiiig point — 39°. 
H. Eose gave 145° for the boiling point ; A. Michaeiis, 146°; A. Eosenstiehi, 145°- 
150° ; H. E. Armstrong, 141°-145° ; P. Schiitzenberger, 130° ; D. Konowaloff, 
153° at 752 mm. ; and T. E. Thorpe, 139*59° at 760 mm. ; J. Ogier, 140*5° ; and 
V. Grignard and P. Muret gave 57° at 30 mm., and 52° at 15 mm. The low results 
are referred by D. Konowalofi to the presence of chlorosuiphonic acid ; and the high 
results, by K. Heumann and P. Kochlin to the presence of sulphuric acid. G. Billitz 
and K. Heumann gave 145°--1477 and A. Besson, 142°~143° at 765 mm. J. Ogier 
gave 68 cals, per gram, or 13*16 Cals, per mol for the heat of vapori^tion at 
23-25°. According to J. Ogier, the heat of formation of liquid pyrosulphuryl 
chloride from its elements is 159-4 Cals. ; D. Konowaloff gave 188-2 Cals. ; J. Ogier 
found the heat of decomposition by water to be S205Cl2*+-H20=2CIHS03iiquid4-27 
Cals. ; and D. Konowalofi, for the heat of decomposition with potassium hydroxide 
soln. 0-896 Cal. per gram. V. Grignard and P. Muret gave 1*449 for the index of 
refraction at 19°. According to Y. Grignard and P. Muret, the diamagnetism and 
mol. refraction indicate that sexivalent sulphur is present, and physical and chemical 
properties agree with the formula CIO.SO.O.SO.OCL 

V. Grignard and P. Muret said that pyrosulphuryl chloride is hygroscopic, and 
has a characteristic odour. They said that the vapour-density determinations at 
various temp, indicate that decomposition follows the irreversible equations, 
8205012—80^+802+012 and 8205012=803+802012, and this is confirmed by the 
analysis of the decomposition products. At 200°, in the presence of sulphur dioxide 
and chlorine, the first reaction occurs to a small extent, and gives place to the 
second reaction above this temp. The reaction 802012^802+012 then occurs, and 
decomposition is complete at 360°. According to H. Eose, when pyrosulphuryl 
chloride is put into water it sinks to the bottom in oily drops which do not 
dissolve for several hours even when stirred. It appears to be resolved into a 
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hydrate before it dissolves. Water decomposes it into sulphuric and hydrochloric 
acids : S205Ci2+3H20==2H2S04 - 1 - 2 HC 1 ; if the pyrosulj^huryl chloride is cod- 
taminated with sulphur chloride, it de])osits sul])hur when decomposed by water and 
('.mits a faint odour of sulpliur dioxide. Analogous observations were made by 

H. E. Armstrong, and A. Michaelis ; wdiileD. Konowaloff said that the hydrolysis is 
energetic when the water is warm. W, Frandtl and P. Borinsky supposed the first 
stage of the reaction is: S205Cl2+H20=2HC1803. G. Billitz and K. Heumann 
said that if 40 grms. of ])yrosulphuryl cliloride he wanned with 3 grms. of water 
between 154 ^ and 158 ^^, it is converted into pure clilorosiilphonic acid, and added 
that this transformation slowly occurs in moist air since after a few days' exposure 
to moist air, the ])7rosulphiiryl chloride contains some chlorosulphonic acid. 
According to V. Grignard and P. Muret, sulphuryl chloride is hydrolyzed quicHy 
by the action of a large excess of wmter, and conductivity measurements agree with 
the equation : S205Cl2+3H20=2H2SO44-!^HCL The action is slow at first until 
the chloride has dissolved, but is increased by the presence of impurities produced 
during the preparation. With less water, twm reactions occur, S2O5CI2+H2O 
==2HC10+2S02, and SO2+2HCIO --TRSO^+Clo. In the presence of 1 to 3 mols 
of water per mol of chloride, the soln. has oxidizing properties. 6. Carrara and 

I. Zoppelari said that tlie velocity of the reaction is such that if s is the surface area 

of the two liquids in contact ; u, the quantity of pyrosulphuryl chloride ; x, the 
quantity of the latter decomposed in the time t, (l/st) log {al(a—x)}=aJc, where fc is a 
constant equal to 0-00331 at 10°, and 0*0100 at 30°. H. Rose stated that pyrosul- 
phuryl chloride absorbs chlorine, forming a yellowish-green liquid which smells 
strongly of chlorine, and evolves that gas with effervescence at 25° ; it appears to 
boil at 112°, and bec‘omes colourless again after the chlorine has escaped. A. Besson 
observed that pyrosulphuryl chloride reacts with dry hydrogen bromide at 50°, 
liberating sulphur dioxide and bromine, and forming chlorosulphonic acid, and the 
latter in turn is decomposed by the prolonged action of hydrogen bromide ; hydrogen 
iodide in a vessel cooled by ice and salt furnishes similar products along with some 
hydrogen sulphide and sulphur. K. Heumann and P. Kochlin said that when 
pyrosulphuryl chloride is heated with flowers of sulphur, and distilled, it forms 
sulphur monochloride. The reaction was also studied by W. Prandtl and 
P. Borinsky. A. Besson found that it reacts slowly in the cold with hydre^en 
sulphide, and the main reaction is symbolized : S 2 O 5 Cl 2 +H 2 S==S“f 2 HCl-|-S 03 
+SO 2 ; and on heating, the reaction 3S2O5Cl24’2H2S=S2Cl2-|~HCl+3S02 
-[- 3 CIHSO 3 , which is secondary in the cold, becomes the chief or even the only 
reaction. H. Rose said that pyrosulphuryl chloride is miscible wdth sulphur triolide, 
and the latter distils off first when the mixture is heated. W. Prandtl and 
P. Borinsky studied its action on selenium (j.u.), and tellurium (q.v.). P. Clausnker 
observed that pyrosulphuryl chloride reacts with selenium tetrachloride, formmg 
selenium pyrosulphochloride, 80803014 . H. Rose observed that when treated with 
dry ammonia it forms a white, dry mass which when treated with water furnish^ 
equimolar parts of ammonium sulphate and chloride. K. Heumann and P. Kocl^ 
observed that pyrosulphuryl chloride reacts with red phosphorus, formii^ 
phosphorus trichloride ; A. Besson found that dry phospMne decomposes pyro- 
sulphuryl chloride at ordinary temp., forming metaphosphoric acid, phosphorus 
tritetritasulphide, etc, H. E. Armstrong, A. Michaelis, and A, Geuther said that 
with phosphorus pentachloride it forms phosphoryl chloride, chlorine, and sulphur 
dioxide. Powdered antimony was found by K. Heumann and P. Kochlin to react 
vigorously with pyrosulphuryl chloride, forming sulphur dioxide and trioxide, anh- 
mony trichloride, and an antimony sulphate, A. Mente said that imidosulphtixyi- 
amide is the first product of the action of ammonium carbamate on pyrosulphuryl 
chloride. K. Heumann and P. Kochlin found that with aromatic sulpho-aci^ au 
excess of pyrosulphuryl chloride furnishes disulphochlorides. A, Eosenstiehl found 
with sodium acetate, acetyl chloride, etc., are formed. , 

K. Heumann and P. Kochlin observed that pyrosulphuryl chloride reacts witai 
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COppBfs sinCg or iroilj forming the metal chloride and sulphur dioxide : A. Besson 
found that merciiry is similarly attacked about 60^ ; and A. Ditte. that when heated 
with golds auric chloride is formed. A. Rosenstiehl found, that manganates react 
with pyrosulphurjl chloride, forming chlorine : while chroiliates form chromji 
chloride. H, Rose heated a mixture of pjrosulphuryl chloride and sodilim eMoriie 
and obtained a solid, transluscent mass which no longer fumes on exposure to air 
When heated, some pyrosuiphuryl chloride, mixed with chlorine, passes over, and 
the remainder is converted into chlorine, sulphur dioxide, and soditun pyrosulphate. 

. Traube found that a mol. of sodium chloride absorbs 2 mols. of sulphur trioxide, 
forming a hard crystalline mass of what is considered to be sodiam cMoropyro- 
SiilpllOii3.tes NaO. 802-0,802. Cl, while sodium ehlorosulphonate is probably an 
intermediate product of the reaction. It fumes in the air, and is decomposed by 
water, more slowly by alcohol. "When added to a chloroform soln. of diamyiamine, 
diamylamine sulphamate is formed, which agrees with the formulation of the salt as 
a cHoropyrosulphonate. Ko evidence of the existence of the product NaCIfSOs)^ 
could be obtained. Ammonitim chloride first liquefies under the action of sulphur 
trioxide, and then gives a crystalline product consisting of ammoninm cMompyro- 
sulphate, NH 4 O.SO 2 .O.SO 2 .CL H. Rose, and A. W. Williamson said that ammonium 
chloride absorbs the vapour of sulphur trioxide without developing any gas, and pro- 
duces ammonium chloropyrosulphate ; when heated, it gives ofi hydrogen chloride, 
W- Traube obtained the salt having properties similar to that of the sodium salt. 
It cannot be the hydrochloride of a sulphamic acid, since the latter is not found in 
soln. when the salt is decomposed by alkali-lye. No evidence of the formation of 
A. Sohultz-Sellack's NaCI(S 03)4 was observed. 

J. Ogier 2 prepared what he regarded as sulphur oxytetrachloride, S 2 OCI 4 , hy heating 
a mixture of sulphur monochioride and sulphuryl chloride in sealed tubes at 250® for several 
hours. On opening the tubes, sulphur dioxide is evolved in considerable quantity, and on 
distillation, the product yields a deep red liquid of lower boiling point than the two known 
oxychlorides, together with the excess of sulphur chloride, which contains dissolved sulphur. 
The red product is formed in accord with 2 SaCl 2 -|- 2 S 02 Cla= 2 S 20 Cl 4 -bS 034 -S. It is also 
obtained, although with greater difficulty, by heating sulphur monochioride at 250® with 
thionyl chloride saturated with chlorine, thus: SsCl 2 “bCl 2 -b 2 S 0 Cla= 2 S 20 Ch. Sulphur 
oxytetrachloride is a deep red liquid, with an odour resembling that of sulphur chloride, 
but more penetrating. The sp. gr. is 1*656 at 0®, and the b.p. is 60®— 61°. When heated, 
it decomposes even below 100 ® into sulphur monochioride, chlorine and sulphur dioxide. 
This dissociation prevents an accurate determination of the vapour density ; but observa- 
tions at as low a temp, as possible gave 3*87 (air unity). The oxytetrachloride m decom- 
posed by water, with precipitation of sulphur, part of which is insoluble in carbon bisulphide, 
and formation of hydrochloric, sulphuric, and sulphurous acids, together with a notable 
quantity of thionio acid. The oxychloride reacts violently with absolute alcohol, hydro- 
chloric aeid, ethyl chloride, and sulphurous anhydride being evolved. The colourless 
liquid formed remains clear, hut on distillation excess of alcohol fiist pa^es over, then a 
large quantity of sulphur is precipitated, and finally normal ethyl sulphite distils over at 
about 150°. Precipitation of sulphur is also caused by addition of a trace of water to the 
clear liquid. Possibly the alcoholic liquid contains the ester of an acid derived from SgOj. 
the oxychloride being formed from S^Oa by the substitution of CI 4 for Oa- R. J. l^ol! 
said that the alleged oxjrfcetrachloride is really a mixture of sulphur dichloride, thionyl 
chloride, and sulphuryl chloride which cannot be easily separated into its constituents. 


N. A, E. Millon ^ in his paper : Sur Vadde hypocMoreux sut hs eMorures de 
soufre, described the preparation of what be called clihrure de smfre -that 

is, according to the analyses of N. A. E. Millon, and of A. Michaelis and 0. Schiffer- 
decker, sulpliiir trioxy-tetrachloride, S 2 O 3 C 34 , or C 5 i.S 02 . 0 .SCl 3 , by the action of 
incompletely dried chlorine in great excess on sulphur or sulphur chloride : 20 to 30 
grms. of sulphur chloride, saturated with chlorine, were introduced into a 4 to 5 
litre-flask filled with moist chlorine ; 2 to S grms. of water were added, and the 
mixture shaken. It was then allowed to stand 5 hrs. in a freezing mixture and moist 
chlorine passed in from time to time, and the operations repeated until a crystalline 
mass is formed, A stream of dry chlorine is passed over the warm mixture for 10-12 
hrs. so as to remove the sulphur chloride ; the crystals are heated, and sublimed 
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into the upper part of the vessel. L. Carius prepared them by an analogous process 
viz. by dropping sulphur monochloride into a flask, filled with moist chlorine, wben 
colourless crystals of this compound collect on the walls of the flask. A. Micliaelk 
and 0. Schiflcrdecker obtained the same compound by the action of sulphur tetra- 
chloride on chlorosulphonic acid : A mol of sulphur monochloride and 2 mols of 
clilorosulphonic acid were introduced in a flask at — 13 ° to — 18 °, and dry chlorine 
passed into the vessel until the mass had completely solidified ; it was then removed 
from the freezing mixture and chlorine passed through the vessel until the crystalline 
mass became white. The compound was also prepared by W. Prandtl and 
E. Borinsky. Sulphur trioxytetrachloride forms fine needles, or transparent, coloni- 
less, rhomhoidal plates. A. Michaelis and C. Mathias found that the vapour density 
is about one-half that indicated by the formula S2O3CI4, indicating a dissociation; 
S202Cl4=S0Cl2+S02Cl2. A. Michaelis and 0 . Schilicrdecker found that the solid 
melts at 57 ° with decomposition giving off sul])hur dioxide and chlorine leaving a 
residue of pyrosulphuryl and thionyl chlorides : 48203014=8205012+580012 

+2CI2+SO2. N. A. E. Millon said that when the crystals are fused they yield a 
mobile liquid which does not again solidify even at — 18 °, and the liquid and solid axe 
supposed to be isomerides. A. Michaelis and co- workers also found that when the 
solid has been kept for some time — 2 or 3 months — it changes into a yellow liquid 
which is identical in composition with the solid . Assuming that the solid has the con- 
stitution CI.SO2.O.SCI3, the liquid may he the theoretical isomeride/Cl.SO.O.SOCIg. 
The liquid distils at 73 °. According to N. A. E. Millon, the crystals are vigorously 
decomposed by alcohol, dil. acids, or water, and by moist air ; the liquid, also, when 
digested with water decomposes slowly, forming sulphurous, sulphuric, and hydro- 
chloric acids 2 CLS02*0.SCl3+4H2^^^®^2^^4+®^2^^3“4“'^^^^* Michaelis and 
0, Schifferdecker also noted the formation of sulphur by the action of cold water on 
the solid, and L. Carius added that thiosulphuric acid is also produced. A. Michaelis 
and 0 . Schifferdecker said that the crystals dissolve in warm sulphur monocUoride. 
When the liquid is distilled with sulpWr trioxide, A. Michaelis and C, Mathias said 
that pyrosulphuryl and sulphuryl chlorides are formed. As thionyl chloride is 
decomposed by sulphur trioxide, with the production of pyrosulphuryl chloride, 
while sulphuryl chloride is unacted upon under the same circumstances, it is con- 
cluded that the liquid consists of a mixture of equimolar proportions of thionyl 
chloride and sulphuryl chloride, 8203014=80012+ SO2CI2. Sulphur trioxytetra- 
chloride is therefore in all probability a molecular combination, which may exist 
either as a solid or a liquid. The reaction with carbon disulphide is symbolized : 
5 CS 2 + 7 S 2 O 3 Cl 4 -= 30 OCl 2 + 20 O+ 6 SO 2 + 7 S 2 Cl 2 + 4 SOCl 2 . 

P. Schiitzenberger ^ passed chlorine monoxide over 5 to grms. of sulphur 
trioxide when the solid becomes warm, and melts to a dark red liquid which, on 
cooling, forms red needles resembling chromic acid. The composition is tete* 
anhydrosulphatochlorine monoxide, CI2O.4SO3. The crystals melt at 55 °; they 
detonate when heated ; decompose into hypochlorous and sulphuric acids wto 
treated with water ; oxidize organic substances ; and react with iodine, forming 
iodic acid and chlorine. This product has not been interpreted further. 

According to A. Bassy ,*'5 sulphur trioxide reacts with iodine, forming a greenish- 
blue liquid ; N. W. Eischer said that the product is sometimes brown, sometime 
green, and sometimes blue ; the green and blue colours are transient, the brown, 
persistent. Gr. E. Wach said that with the minimum quantity of triopde the coto 
is brown, with a larger quantity blue, and with a still larger quantity green. Be 
said : 

If a bent glas.^ tube with one part of iodine in one leg, and two parts of trioxide 
other, be sealed, and heat applied to the arm containing the trioxide, the ^ 
of vapour forms with the iodine a vis<‘id brown liquid, and by taking up more 
becomes a green, c^rystallino solid. The crystals melt at 37'*’ to an oily liquidj and so 
at 12*5^^ to a fibrous mass ; the prodiiet+oils at 107-5^^, and suliflmr trioxide distils mw w 
other arm, where it forms a wlixte, crystalline mass ; and the liquid as it parts m 
acid becomes blue and afterwards brown. The iodine finally sublimes, forming a grew 



SULPHUK 


683 


product with, the sulphur trioxide. If one ami of the tube contains 1 part of iodine and 1 
part of sulphur, the other, 20 parts of sulphur trioxide, and the whole is left to stand over- 
night at the ordinary temp, of the air, the stdphur acc[uires a earmine colour. If the sulphur 
trioxide arm he wanned, while the other arm is hept in a freezing mixture, the sulphur 
and iodine form a thin red-hrown hcjuid, which moves about as if it were boiling, and. 
gradually becomes, first brown, then brownish-green, and ciystaliizes. "l^Tien taken out 
of the freezmg mixture, it changes in the course of four weeks to a beautiful green liquid, 
which crystallizes in the cold. Sulphur dioxide may be distilled from it, but when separated, 
in this manner, may be made to recombine with the residue. 

According to R. Weber, dry powdered iodine is absorbed by siilpbiir trioxide, 
heat is developed, and a dark greenish-brown viscid liquid is formed, and settles 
below the colourless sulphur trioxide remaining in excess. By pouring ofi the 
latter at a suitable temp., there remains iodine trianhydrcmilpfiate, 1(803)3, as a 
crysta l l i ne mass which fumes in air. If this compound be heated on a water- 
bath it loses some sulphur trioxide, for min g iodine anliydrosillpliate* ISO3, as a 
viscid mass which fumes in air, and which decomposes, with the separation of iodine, 
when treated with water. If either 1(803), or 1(803)3, heated near 170 % there 
remains iodine hemianhydrosolphate, 13(803), which is solid at ordinary temp., 
and decomposed by water. A. C. Schultz-Sellack also obtained crystals of this 
substance by the action of the vapour of sulphur trioxide on iodine. If the sulphur 
trioxide used in these preparations contains a little hydrate, the product is blue, 
and with more hydrate it becomes green and then brown. 

H. Kammerer, and C. Winkler said that dry sulphur dioxide acts at 100® on powdered 
iodine pentoxide, forming what appears to have been a product with the composition 
iodine peniitanhydrosulphatoperUoxidey 5I2O5.SO3. A. Ditte denied the existence of this 
as a chemical individual. B* Weber, and B. JEChietsch heated a mixture of dried iodine 
pentoxide and sulphur trioxid© on a water-bath, and obtained yellow plates of iodine 
trianhydrosulphatopentoxide, IgOg.SSOs, which are stable up to 60®, but give ofi sulphur 
trioxide at a higher temp*. 
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§ 53. Halogenosulphonie Acids and their Salts 

According to G. 6ore,i liquid hydrogen fluoride unites with sulphur trioxide with 
a hissing noise, with the development of heat, and with the formation of a colourless, 
mobile liquid approximating in composition SO3.6HF, and probably a soln. of 
fluostslphonic acid, HESO3, or HO.SO2.E, in hydrogen fluoride. L. Pfaundler 
also observed that gaseous hydrogen fluoride is absorbed by sulphuric aci^, and is 
expelled when the soln. is heated ; G. Gore found that at —18° to —29°, liquid 
hydrogen fluoride mixes quietly with cone, sulphuric acid. T. E. Thorpe and 
W. Kirman distilled sulphur trioxide into a weighed platinum receiver ; an excess 
of hydrogen fluoride was distilled into the same vessel cooled by a mixture of ice 
and calcium chloride. The uncombined hydrogen fluoride was removed by passing 
a current of carbon dioxide through the vessel heated to a temp, of 25°-35°. The 
analysis of the remaining liquid agreed with that required for fluosulphonic acid. 
0, Ruff and H. J. Braun observed that when fluorspar is heated with 97-100 per 
cent, sulphuric acid, a 60 per cent, yield of hydrofluoric acid is obtained ; with 
sulphuric acid containing a high percentage of sulphur trioxide — 50-60 per cent. 
— ^the product no longer contains hydrofluoric acid, but consists only of fluosul- 
phonic acid : CaF2+H2S04+2S03~CaS04+2F(HS03) ; and with sulphuric acid 
containing 60 per cent, of sulphur trioxide, a quantitative yield of fluosulphonic 
acid is obtained. The reaction was stuped by W. Traube and W. Lange. 
W. Traube obtained fluosulphonic acid hy distillation from a mixture of fuming 
sulphuric acid and ammonium fluoride ; or from a fluosulphonate and 99 per cent, 
sulphuric acid. 

T. B. Thorpe and W. Earman said that fluosulphonic acid is a thin, colourless 
liquid which fumes in air ; it has a faint, pungent smell, and has but little action 
on the dry skin ; it feels greasy to the touch, and is without the intense blistering 
action of hydrofluoric acid. Fluosulphonic acid boils at 162*6°, and, like chloro- 
sulphonic acid, it cannot be distilled without more or less decomposition, forming 
presumably some sulphuryl fluoride, 2F(HS03)==S02F2_+H2S04. 0. Rufl could 

not confirm this hypothesis since he found that the acid is stable even at 900°. 
The b.p. of fluosulphonic acid is higher than that of chlorosulphonic acid, as that 
of hydrogen fluoride is higher than that of hydrogen chloride. Fluosulphonic 
acid is decomposed by water with almost explosive violence. W. Traube and 
E. Reubke showed that the reaction, in not top dil. aq. soln., is a balanced one, 
F(HS03)+H20^Il2S04+IIF. The formation of fluosulphonic acid from mixtures 
of 62 per cent, hydroflnoric acid, and 94 per cent, sulphuric acid is readily demon- 
strated by mixing the two acids cooled to —20°. 0. Ruff represented the reaction 

which occurs when fluosulphonic acid is boiled with sulphur by : 2F(HB03)-1-S 
=3S02+2HF. W. Traube and E. Brehmer prepared a series of amidosulphonic 
acids by the action of fluosulphonate on aq. ammonia and the substituted ammonias ; 
likewise hydrazinosulphonates were made by the action of fluosulphonate on 
hydrazine. Fluosnlphonic acid was found by T, E, Thorpe and W. Kirman to 
attack glass slowly, but more rapidly in the presence of moist air. O. Ruff observed 
that fluosulphonic acid acts on potassium permanganate, yielding a violet vapour 
which decomposes on contact with air. T. E. Thorpe and W. Kirman observed 
that fluosulphonic acid quickly acts on lead, forming lead sulphate and fluoride. 

Fluosulphonic acid, HO.SO2.F, acts as a monobasic acid, forming a series of 
stable salts, fluosulphonates. W. Lange found that the crystals of fluosulphonates 
are analogous cheiioically, and in part crystallographically with the perchloi^tes 
and permanganates. W. Tjaube and co-workers prepared crystals of ajnmOBitim 
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fluoSiilpllOiiEtes XiI4O.SO2.P5 or XH4SO0.F, by tbe action of snlplmr trioxide on 
ammonium fluoride : treating the product with, ammoniacal metPyl alcoiol ; 
and evaporating tlie soln. If dry ammonium fluoride is gradual! v dissolved in 
fuming sulpliuric acid containing 70 per cent. SO3 ; tlie soln/ treated witli 
ammoniacal mettiyl alcohol, and separated from the insoluble matters — mainly 
ammonium sulphate — a soln. of ammonium fluosulphonate is formed, and this 
yields the crystaUine solid on evaporation. Ammoniuin and alkali fluosulphonates 
are formed when a dry mixture of fluorides and pyxosulphates is heated, and when 
the two are mixed in the presence of a little water. The best yields are obtained 
from potassium pyrosulphate and an excess of ammonium fluoride ; the yield is 
appreciably less when the latter is replaced with potassium fluoride, and still less 
with sodium fluoride. Fluosulphonates are also obtained by compressing a mixture 
of the fluoride and pyrosulphate particularly in the presence of a little water ; and 
by heating mixtures of ammonium persulphate and fluoride. The m.p. of ammo- 
nium fluosulphonate is 245°. Its aq. soln. reacts neutral to litmus, and it is not 
decomposed after keeping for many days ; and the salt can even be recrystailized 
from hot water. The fluosulphonates are teadily decomposed by warming with 
hydrochloric acid, forming hydrofluoric and sulphuric acids ; but they are more 
stable in alkaline soln. When distilled with 99 per cent, sulphuric acid, they yield 
fluosulphonic acid. Ammonium fluoride readily reacts with gaseous ammonia, 
jiarticularly at low temp., forming liquid ammines ; and with aq. ammonia, or 
substituted ammonias, the fluosulphonates yield aminosulphonates ; and with 
hydrazine, hydrazinosulphonates. W. Lange prepared salts with tetramethyi- 
ammonium, o-toluenediazonium, benzenediazonium, pyridinium, nitron, strychnine, 
brucine, morpMne, and cocaine. W. Traube and co-workers found that the alkali 
fluosulphonates are obtained by the action of the requisite alkali hydroxide on 
an aq. soln. of the ammonium salt. Long shining needles of lithium fluosulphoiiate* 
LiSOgF.SHoO, melting at 60°-61°, were so obtained ; the anhydrous salt melts at 
360°. A mol. of sodium fluoride absorbs a mol. of sulphur trioxide, forming sodium 
fluosulphonate, XaS03F, which can be readily dissolved from xmaltered sodium 
fluoride by extraction with alcohol. The salt is also obtained by the method 
indicated for the ammonium salt, and by the direct action of an alkali hydroxide 
on an aq. soln. of fluosulphonic acid, proving that the acid is not imm ediately 
decomposed by water. 0, Eufl made sodium fluosulphonate by heating 50 grms. 
of fluosulphonic acid and 92*2 grms, of sodium chloride in a platinum retort under 
a reflux condenser for half an hour, and extracting the product with boiling absolute 
alcohol. The resulting soln. yields iridescent plates or needles of sodium fluosul- 
phonate on cooliug. W. Traube and co-workers found that the aq. soln. of sodium 
fluosulphonate, like that of the ammonium salt, is neutral to litmus ; and it reacts 
similarly with acids and alkalies. When heated in an atm. of carbon dioxide, it 
furnishes a gas thought to be snlphuryl fluoride : 2NaS03F=Xa2S04+S02F2. 

Short, stout prisms of potassium fluos^phonate, KEO3F, were obtained melting 
at 311°; crystals of rubidium fluosulphonate, RbSOgF, melting at 304° ; W. Lange 
prepared rhombic, pseudotetragonal crystals of cmsium fluosulphonate^ Cs(FS03), 
melting at about 292° ; water at 0° dissolves 2*23 grms. per 100 c.c. of soln. ; anhy- 
drous and dehydrated copper tetramminofluosulphonate, Chi(S 03 F) 2 . 4 NH 3 . 2 H 20 , 
melting at 55*6° ; water at 12° dissolves 52-9 grms. per 100 c.c. W. Lange also 
prepared the bisethylenediamine salt, Cu(S03F)2.2en,|H20, and the pjnridine salt, 
Cu(S 03 F) 2 . 4 C 5 H 5 N. W. Traube and co-workers prepared impure b^ium fluo- 
sulphonate, ]Ba(S03F)2 ; all the fluosulphonates, except the nitron salt, are freely 
soluble in water. The alkali fluosulphonates are very stable towards heat. Thus, 
the potassium salt only suffered a slight decomposition with the evolution of sulphur 
dioxide and trioxide, hydrogen fluoride, and oxygen when heated to bright redness. 
Crude harium fluosulphonate, on the other hand, is decomposed at a red-heat into 
sulphuiyl fluoride and barium sulphate. W. Lange found that the fluosulphonates 
of the heavy metals are freely soluble in water, and are too easily hydrolyzed to 
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permit their isolation. The fluosulphonates become stable and crystalline when the 
size of the cation is increased by complex formation with ammonia or the amines. 

In 1856, A. W. Williamson ^ dehned, if not discovered, cMorosulphomc aeid, 
HSOgCl, or HO.SOo.Cl, and it attracted some attention about that period because, 
on the old theory of types — 1 . 5, 16 — it was the first example of a mixed type—the 
water type and the hydrochloric acid type united by the bivalent SOo-radicle : 


H 

;H'0 
;H'— Cl 


0 

SO<Cl 


The name chlorohydrines was applied to combinations of this mixed type, so that 
chlorosidphonic acid is also called sulphuric chlorohydrine, and it has also been 
called cklorosulfhuric acid, cliloroliydrated sul'pJiuric acid, and chlorokydrosulphurous 
acid. Analyses by A. W. Williamson, F. Baumstark, F. Clausnizer, J. Ogier, and 
S. Williams agree with the formula ClHSOg. K. Heumann and P. Kochlin, 
J. Ogier, S. Williams, and F. Baumstark found the vapour density to be in agree- 
ment with the formula CIHSO3. M. Muller said that chlorosulphonic acid unites 
with ethylene with the evolution of much heat, forming ethyl chlorosulphonate, 
C2H5SO3.CI, a colourless mobile liquid boiling at 93 °- 95 ° under 100 mm. press. 
It is decomposed by hot water into hydrochloric and sulphuric acids, and alcohol. 
Hence, its formula is more likely to be Cl.S.O.O,OC2H5 than C2H5O.S.O.O.CI, because 
the latter would probably form ethyl sulphate and hydrochloric acid when hydro- 
lyzed by water. This led M. Muller to favour the formula Cl. S. 0.0. OH. Sulphur 
trioxide was also found to react with ethyl chloride, forming amongst other sub- 
stances ethyl chlorosulphonate, T. von Purgold also studied the products of this 
reaction. These results show that the chlorine is probably united directly with the 
sulphur. F. W. Bushong foimd that the ethyl chlorosulphonate prepared by 
J. U. Nef by the action of phosphorous pentachloride on ethylsulphuric acid is 
identical with that prepared by P. Behrend by the action of sulphuryl chloride 
on ethyl alcohol. The various reactions of chlorosulphonic acid — e.g. the formation 
of hydrochloric and sulphuric acids — show that it is closely related to sulphuric 
acid, so that the two have analogous formulae. If the sulphur atom in sulphuric 
acid be sexivalent — vide su^m — ^the formula of the acid will be HO-SO2.GI, or 
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OH 

OH 


A. W. Williamson prepared chlorosulphonic acid by the direct action of hydrogen 
chloride on sulphur trioxide : S03+HG1=CIHS03. The General Electric Co. 
used a similar process ; H. Beckurts and R. Otto, P. Qlaesson, A. Michaelis and 
0 . Schifierdecker, M. Muller, T. I. Briggs, and P. Behrend, utilized the action of 
hydrogen chloride on fuming sulphuric acid — say by passing a vigorous steeam of 
hydrogen chloride into 200 grms. of 80 per cent, fuming sulphuric acid contained in a 
large flask with ground glass-] oints at ordinary temp. ; when the flask becomes warm, 
it shoxdd be cooled with ice. When hydrogen chloride is no longer absorbed, the 
product is distilled in a flask fitted with an air condenser. Some dissolved hy^ogen 
chloride first escapes, and the distillate collected between 150 ® and 165 ® is redistilled 
and the fraction collected at 153 ®. M. Muller made the acid by distilling fuming 
sulphuric acid with phosphorus pentoxide in a current of hydrogen chloride : 
H2S0^+P205+HCl=2HP0a+ClH803 ; A. W. Wiffiamson, S. Williams, J. Dewar 
and G. Cranston, F. Baumstark, and A. Michaelis, by the action of phos- 
phorus tri- or penta-chloride, or phosphoryl chloride on cone, sulphuric acid, 
thus, 2H2S04+PC13=HP03+2HC1+S02+C1HS03, H2S04-f PCl5=01HS03+P0a3 
-fHCl, and P0Cl3+2H2S04=HP03-fHCl+2Cl(HS0s). The preparation mm 
follows : 150 grms. of phosphorus pentachloride are gradually introduced into W 
gnus, of fuming sulphuric acid of sp. gr. 1*84 at 15 ®. The mixture becomes warm, 
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and mucli liydiogen chloride escapes. Tlie flask is then heated until no more of 
this gas is evolved. The liquid is then distilled, and purified by redistillation as 
before. T. E. Thorpe heated a mixture of 226 grms. of phosphoryl chloride and 
200 grms. of the most cone, sulphuric acid, and collected the fraction distiiling 
between 153° and 154°, This was rectified by redistillation. A. W. Williamson 
obtained chlorosulphonic acid by the action of chlorine or sulphur chloride 
on cone, sulphuric acid ; C. Moureu, by the action of sulphuric acid on thionyl 
chloride ; W. Odling, by the action of moisture on sulphur}"! chloride : 80202-*- H^O 
=IIQ-f-H0.S02.Cl ; A. Mchaelis, by the action of a little water or cone, sifiphuric 
acid on sulphuryl chloride ; by G. Bihitz and K. Heumann, and J. Ogier, by the 
action of water on pyrosulphuryl chloride ; and R. Railton, and W. Odling by 
the action of imperfectly dried chlorine on moist sulphur dioxide in the presence 
of platinum-black, and at a red-heat. 

Chlorosulphonic acid is a colourless, fuming liquid with a piquant odour, and it 
exerts a corrosive action on the skin. F. Eaumstark said that the liquid is slightly 
yellow. W. Michaelis said that the Specific gravity is 1-776 at 18° ; P. Walden, 

1- 7875 at 25° ; and T. E. Thorpe, 1-78474 at 0°, and 1-54874 at the b.p. 155*3°. 
The molecular volume is therefore 75-05 at the b.p. P. Baumstark gave 4-08-4-12 
for the vapour density when the calculated value is 4-04 ; at 216°, S. Williams 
obtained a vap. density of 2-27 indicating some dissociation : 2 C]HS 03 =S 03 
-j-S 02 -f H 20 - 1 -Ci 2 . K. feumarm and P. Kochlin found 2-39 to 2-42 at 184*4° ; and 

2- 09 at 444° ; while J. Ogier gave 2-36 to 2-46 between 180° and 216°. The thermal 
expansion of the liquid was represented by T. E. Thorpe in terms of the vol. v 
atd° occupied byunit vol. at 0 °, wheni;=l+0-000905d-rfi’fl6^1d647d-+0'0s2^^^^- 
J. Ogier gave 0-282 for the specific heat between 15° and 80°. A. W. Williamson 
found the boiling point to be 145° ; A. Michaelis, 158-4° ; P. Behrend, 153° ; 
H. Beckurts and R. Otto, 150-7° to 152-7° ; T. E. Thorpe, 155-3° ; W. Clausnizer, 
between 150° and 151° at a press, of 726 mm. and the b.p. is reduced one degree when 
the press, is reduced by 20-6 mm. P. Walden gave 78° at 21-22 mm. press. Accord- 
ing to A. W. Williamson, the liquid is partially decomposed into hydrogen chloride 
and sulphur trioxida at the b.p,, and W. Odling said into sulphuric acid and sulphur 
chloride. F, Clausnizer found that when heated for a long time in a reflux con- 
denser, it is partly decomposed into sulphuric acid, sulphur dioxide, and chlorine. 
F. W. Lauer discussed this subject. J. Ogier gave 12-8 Cals, for the heat of vaporiza- 
tion ; and for the heat of formation : S03soM+HClgas=CIHS03iifjiiiti+14-4 Cals. ; 
and S 03 gas'~{~S'^^gas^OLB[S 03 gas" 4 “^^*^ Cals. I and 

cals. P. Walden found that the sp. electric^ conductivity of the acid at 25° is 
0-03172 and in vacuo O-O 3 I 62 , and he found that it is an ionizing solvent. The 
conductivity of a soln. of potassium bromide decreases from 23-51 with «=146 
to 20-68 with ^=490. Chlorosulphonic acid dissolves many inorganic salts 
relatively easily ; tetraethyl-ammonium iodide forms a deep brown soln., tetraethyl- 
ammonium bromide, potassium bromide, and anhydrous cobalt bromide form 
pale yellow soln. which gradually darken. 

According to A. W. Williamson, and A. Michaelis, when poured into watels 
it sinks to the bottom and gradually .cfesolves with the formation of sulphuric 
and hydrochloric acids ; each drop of acid, falling into cold water, reacts violently 
as in the case of sulphur trioxide. A. W. Williamson found that chlorosulphonic 
acid dissolves sodium chloride at a gentle heat evolving hydrogen chloride and 
forming sodium chlorosulphonate ; for the action on pota^ium blomide» vide 
supra, K. Heumann and P. Kochlin found that chlorosulphonic acid does not 
react with sulphur at ordinary temp., but when warmed there is a vigorous reaction 
and sulphur dioxide, sulphur monochloride, and sulphuric and hydrochloric acids 
are formed, H. Prinz observed that hydrogmi sulplude aefe on the cold acid with 
the separation of sulphur and the formation of hydrogen chloride, and on dis- 
tilling the liquor, sulphur monochloride and sulphuric acid axe formed. S. Williams 
found that with cone, sulphuric add, hydrogen chloride and fuming sulphuric 
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acid are formed. H, SchifI represented the reaction with molten potassium 

Snlpliaiit© * ]K. 2 B 04 -~l~ClHS 0 fj==E 2 ^ 2^7 ClauBnizer observed that seleniniii 

sul}}kotrioxytetracHoride, S03.SeCl4, is formed when chlorosulphonic acid reacts 
with selenium dioxide^ tetrachloride, or oxydichloride* According to A. Mente 
ammonium carbamate -forms NH(S02.0NH4)2, when treated with chlorosulphonic 
acid. A. W. Williamson said that chlorosulphonic acid reacts with sodium nitrate 
to form nitioxyl chloride: NaN03+ClHS03~NaHS04-l-N02Cl. W. C. Williams 
observed that when dry fused potassium nitrate is treated with chloro- 
sulphonic acid, the mixture becomes hot, and chlorine escapes ; he represented the 
reaction 2CITIS03'~[~2^^G3===N204“|-Cio--h2IsLlIS04, and ClIISO3-j-N2O4=HN02 
+CISO2.O.NO ; and when heated with an excess of potassium nitrate 
2(C1.S02.0.N0)+2KN03=3N204+Cl2+2K2S04. T. B. Thorpe found that with 
silver nitrate there is a vigorous reaction, and silver chloride and nitroxyl chloro- 
sulphonate, NO.O.SOo.Cl, are formed. K. Heumann and P. Kochhn observed 
that phosphorus is converted into chloride by the acid ; A. Michaelis represented 
the reaction of a mol of phosphorus pentachloride aird 2 niols of chlorosulphonic 
acid by PCl5+2ClHS03=S205Cl2+2HCl-hP0Cl3 ; and with equimolar parts, 
sulphur dioxide, hydrogen chloride, and phosphoryl chloride are formed. G. Bil- 
litz and K. Heumann, and I). Konowalofi observed that when the acid is heated 
with phosphorus peutoxide, pyrosulphuryl chloride, (01.802)02, is formed as an 
anhydride of chlorosulphonic acid. Chlorosulphonic acid converts arsenic and 
antimony into their chlorides. F. Clausnizer found that equimolar parts of chloro- 
sulphonic acid and antimony pentachloride, (q^v.) form a greenish liquid ; and the 
acid dissolves a little antimony trichloride (q.v.) at ordinary temp. 

K. Heumann and P. Kdchlin found that when heated with carbon at a high 
temp., sulphur dioxide, carbon mono- and di-oxides, and hydrogen chloride are 
formed. According to J. Dewar and G, Cranston, chlorosulphonic acid does not 
mix with carbon disulphide ; in a sealed tube at 100°, they unite with the separation 
of sulphur, and the reaction is symbolized : CS2+C1HS03=HC1+ S02+C0S-hS. 
G. BilUtz and K. Heumann, and D, Konowaloff also investigated the reaction. 
M. Muller found that ethylene unites with chlorosulphonic acid, forming ethyl 
chlorosulphonatc. K, Knapp, and R. Pummerer observed that with b^izene, 
the sulphochloride, and sulphonate are formed. H. E. Armstrong, and K. Heumann 
and P. Kochliii observed that chlorosulphonic acid acts as a chlorinating agent 
transforming sulphonates into sulphochlorides — magnesium o-toluosulpho^te 
into o-toluol sulphochloride ; sodium acetate into acetyl chloride ; and sodium 
benzoate into benzoyl chloride. P. Baumstark studied the action on acetic 
acid which results in the formation of hydrogen chloride, methylenedisulphonate, 
and glycolsulphonate. P. Claesson observed that monohydric and polyhyte 
alcohols form ethereal sulphates. D, McIntosh found that at low temp. — 50 ° to 
— 80 °, ethyl hydrosulphate and hydrogen chloride are formed while ether yielm 
the addition product (2(C2H5)20.HS0301, and acetone, 2C2H5.COH.HSOSCI. 
J. Dewar and G. Cranston found that in a sealed tube at 120 °, cMorolorm reacto : 
CHCl3+Cl(HS03)=C0Cl2+S02+2HCL 0 . Boulin and L. J. Simon studied the 
action of chlorosulphonic acid on dimethyl sulphate ; and K. G. Naik and 
M. B, Amin, its action on cyanacetic acid. 

F. Clausnizer observed that chlorosulphonic acid does not react with 
tetrachloride in sunlight or at 170 ° ; but it reacts with titanium tetrachlomt, 
forming the complex TiCl4.S03, or Cl.S02.0.TiCl3. K. Heumann and F, Kocto 
found that tin is directly chlorinated by chlorosulphonic acid. F. Clau^i2W^ 
found that chlorosulphonic acid mixes but does not react with sta^C chlonue. 

Chlorosulphonic acid has the general properties of a monobasic acid, formmg 
definite salts — chlorosulphonates— in which the hydrogen of the acid is replawa 
by a metal. W. Odling obtained sodium chlorosulphonate, ClNaSOs, as 
above* M. Muller said that the chlorosulphonates are difficult to prepare ; toey 
are decomposed by water into hydrosulphate and hydrochloric acid ; ana J 
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alcoiiol into ethyl snlpliate and hydiocHoric acid. When heated^ they decompose 
into cHorinej siilplmr dioxide, and sulphate. 

Attempts to make bromosnlphoiiie acid, BrHSOg, or BiSOo.OH, have not been 
successful. Cl. Aime ^ found that sulphur trioxide absorbs hydrogen bromide^ 
forniiag a red liquid ; and, according to P. Clausnizer, there is a reaction ; 
S03-r2HBr=S02-rH2C)-t~®^2? ^hen a soin. of phosphorus pentabroraide in sulphuric 
acid is distilled, bromine volatilizes and a mixture of sulphiiric and phosphoric 
acids remains. 

It is doubtful if Mosnlphoiiic acid,IHS03, or I.SO^.OH, has been prepared. 
S. Zinno ^ found that sulphur dioxide decolorizes starch iodide, and furnishes an 
acid like that obtained by T. J. Peloiize and E. Fremy by distilling a dried mixture 
of iodine and lead sulphite, and rectifying the distillate over mercury. S. Zinnn 
tried to prepare iodosulphonates by the action of a sulphite on starch iodide, but 
could not obtain the product free from starch. Iodine can be dissolved with a slight 
evolution of heat in sodium or potassium sulphite, and by cooling the soln. after 
each addition of iodine as long as it is decolorized ; evaporating the soin. at a 
gentle heat, he obtained a salt identical with that produced by the action of a 
sulphite on starch iodide. lodosuiphonic acid was made by the action of iodine 
on a cone. aq. soin. of sulphurous acid, and neutralized with an alkali carbonate. 
The liquid furnished alkali iodosulphonates. The iodosulphonates W'ere also 
prepared by dissolving iodine in soin, of alkali thiosulphates, but the best results 
were obtained by adding iodine in small portions at a time to a cold soin. of an 
alkali sulphite, avoiding a rise of temp., and evaporating the liquid at a moderate 
heat in a dark place protected as much as possible from the action of air. In this 
manner S. Zmno prepared what he regarded as ammoninm iodosulphonate, 
potassium iodosuiphonate, and sodium iodosulphonate* The latter salt wms partly 
analyzed. The salts are said to be isomorphoiis, soluble in water, and rapidly 
decomposed by air and by light. 

It is said that sodium iodosulphonate, Na2l2SO3.10HaO, or possibly IXaSOg-lGHgO, 
crj-stallizes in. colourless, long, symmetrical prisms ; it has a bitter taste, which is, howeTor, 
less disagreeable than that of the sulphate ; it is readily soluble in water : 100 parts of 
water dissolve 27*5 parts of the salt at 15° ; it is also very soluble in alcohol. ^^Tien 
heated, it gives ofi iodine, and is converted into sodium sulphide and sulphate. A soin. 
of the salt in water does not react alkaline, and is decomposed by a weak electric current 
mto hj'driodic acid, sulphuric acid, and soda. Sulphuric acid decomposes it with evolution 
of sulphur dioxide and iodine vapour. Nitric acid precipitates iodine ; mercuric nitrate 
produces a yellowish- white, silver nitrate a dirty- white, and lead acetate a white precipitate. 
Hydrochloric acid liberates the free acid with formation of sodium chloride, A soin. of 
mercuric chloride produces a white precipitate, which changes to pink and red, and is 
soluble in excess of the reagent. Baryta-water gives a white precipitate, which dissolves 
almost entirely in hydrochloric acid. Cupric sulphate produces, after a time, a greenish - 
white, auric chloride, a very dark brownish-red precipitate ; metallic gold and silver 
even are acted upon by a soin. of sodium iodosulphonate. 

A. Mchaelis and G. Kothe denied the existence of S. Zinno's iodosulphonates. 
They said that sodium sialphite and lead iodide form sodium iodide and lead 
bulphite ; and that sulphurous acid decomposes lead iodide, forming lead sulphite 
and hydriodic acid. According to E. Weber, fu m ing sulphuric acid readily dissolves 
iodine, forming a brown soin. — vide supra — ^but only a little iodine dissolves in 
ordinary sulphuric acid ; and G. Aime said that sulphur trioxide readily dissolves 
hydrogen iodide, forming a reddish-brown liquid. For P. Chretien’s iodine sulphate 
IsOs.SOg.JH^O—m^ie 2 . 19 , 7 ; N. A. E. MOlon’s sulphate — see 2 . 19 , 9 ; 
N. A. B. Millon also reported a complex it^tosulphuric add* 2HIO3.3H2SO4, from 
a solh. of iodic acid and boiling, cone, sulphuric acid (5 : 1 ), and the trihydrate, 
2HIO3.3H2SO4.6H2O, from a soin. of iodic acid in sulphuric acid— H2SO4.2H2O. 

The tendency of sulphur dioxide to form complexes has been previously dis- 
cussed. C. J- J. Fox ^ obtained evidence of the formation of cadmium^sulphuryl 
iodide^ as well as of ammonium, sodium, potmsium, and cadmium sulplmryl bromides, 
sulphunjl chlorides, sulplmryl nitrates, mid mlphuryl thiocyanates, hut not of sulplmryl 
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sulphate. E. Pechard prepa-red sulphuryl hydroiodide, S02.HI— possibly iVio- 
snlpMnic acid, I(HS02) — for he found that when sulphur dioxide is passed into an 
nep soln, of potassium iodide, the liquid hccomes yellow, and finally orange. If 
the gas be passed over the solid salt, at 0®, potassium sulpliuryliodide, or potassium 
iodosulphinate, 1(E1S03), is formed. Whoii this salt is heated to 100°, it loses 
the absorbed sulphur dioxide. The vaj). ])ress. of the compound is 600 mm. at 
0° ; 930 mm. at 10° ; 1460 mm. at 20° ; and 2380 mm. at 30°. Sodium, 
ammonium, silver, calcium, and barium iodosulphinates were similarly obtained! 
E. E])hraim and I. Kornblum also made complexes with alkali and calcium thio- 
cyanates. R. de Forcrand and F. Tahoury obtained sodium, rubidium, aad 
caesium trisulphuryliodides of the type MJ.SSOo, from liquid sulphur dioxide and 
the corresponding iodides, hut F. Ephraim doubted if these products are chemical 
individuals. F. Ephraim and I. Kornblum obtained two series of complex 
iodides — yellow and red — and they were supposed to represent the existence of 
isomcrides, [M(S02)4][(S02)4Ml2], and [M(B02)c][(S02)2MT2]. The dichromate- 
coloured lithium sulphuryl iodide I(LiS02), is formed at 0°; and lithium disul- 
phuryliodide, LiI.2S02, at a lower temp. Red sodium disulphuryliodide, LiL2S02, 
is formed at 0° ; and sodium tetrasulphuryliodide, Nal.4S02, is formed in a freeing 
mixture. P. Walden and M. Centnerszwer found that when dry trimethylsul- 
phonium iodide or i^otassiiim thiocyanate is exposed to the action of sulphur dioxide 
gas, there is an increase in weight and a cliango in the a|)pearancc of the salt. With 
potassium, sodium, ammonium, and tetraniethylsulplionium iodides and with 
ammonium and sodium thiocyanates no change was observed. It is assumed that 
any compounds which might be formed are too unstable at ordinary temp. A 
20 per cent. soln. of potassium iodide in snlj)hur dioxide is liquid at ordinary temp, 
but it gives red crystals when cooled in a mixture of snow and salt. The analysis 
corresponded with potassium tetmsulphuryliodide, KI.4SO2 . 


^(> 2 ^ 

The f.p, curve of mixtures of potassium iodide and sulphur dioxide is shown in 
Fig. 151. A, — 72*7°, is the f.p. of sulphur dioxide ; B, the eutectic with 0*34 mol 

per cent, of potassium iodide ; between BO, a yellow 
crystalline powder of potassium tetradecasulphurs^ 
iodide, KT.I4SO2, separates on cooling, and C is a 
maximum at -—23*4° with about 8 molar per cent, 
of KI ; there is a second eutectic D ; and red 
crystals of the tetrasulphuryl iodide separate on 
cooling along the branch DE. The f.p. of this com- 
pound, 0-26°, is represented by E. The soln. sepa- 
rates into two layers on heating, and, on further 
heating, well-formed, yellow crystals are deposited, 
and one of the liquid phases disappears *, on cod- 
ing, the corresponding reverse changes are observed. 
From the phase rule, it follows that the temp, at 
which the solid phase is in equilibrium with the 
two liquid phases must be independent of the cone. ; this temp, is 88*1°. M- 
and cone. soln. of potassium iodide deposit solid on heating without the inter- 
mediate formation of two liquid phases. EG represents mixtures of potassi^ 
iodide with molten potassium tetrasulphuryliodide, and on the left of 
homogeneous soln. of potassium iodide in sulphur dioxide ; GH, the equiHbn^ 
line for soln. and solid potassium iodide ; H represents the upper Umitmg 
temp, of soln. of potassium iodide ; below this, the soln. separates into Iwa 
layers. Beyond II, and on JiT, potassium iodide separates out. The stippM 
portion of Fig. 150 represents the region of homogeneous soln. The existence 
of the tetrasulphuryliodide was confirmed by measurements of the vap. pr^^ 
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of tlie soln., but no sign of tlie sulpiiuryiiodide, KLSO_j, was observed. Com- 
parison of the f.p. of aq. solii. containing botk suiphur dioxide and potassium 
iodide (or thiocyaDate) with those of soln. of sulphur dioxide and potassium iodide 
(or thiocyanate) separately shows that there are probably compounds formed 
which, however, are dissociated to a large extent. Further, in agreement with 
C- J. J. Fox’s results, sulphur dioxide is mure soluble in aq. soln. of potassium 
chloride, bromide, iodide, and thiocyanate, rubidium and terramethylammoniuiii 
iodides, and resorcinol than in pure water ; in sodium chloride soln., suiphur dioxide 
is less soluble. F. Ephraim and I. Komblum also made red potassium tetra- 
sulphuryl iodide, as well as ienion-yeiiow rabidinm tetrasulphuryliodide, Ebl.4302, 
melting at and canary -yellow caesium tetrasulphuryliodide, CsI.4S02. They 

also obtained orange-red barium tetrasuiphuryldiiodide, Balo.^SO^, yeiiowish-red 
barium disulpburyldiiodide, Bal 2 . 2 S 02 ; red strontium disulpburyiiiiodide, 
Srl 2 * 2 S 02 , and strontium tetrasuiphuryldiiodide, Srl2.4S02> while red calcium 
tetrasulpburyldiiodide, Cal2.4S02, tends to decompose with the liberation of 
iodine. The altmiinium halides also unite with a mol of sulphur dioxide at low 
temp. A. Adriano wsky observed the formation of a complex aluminium 
sulphuryltrichloride, AICI3.SO2, CI2 : Al.SO2.Ci, by the action of the gas on 
aluminium trichloride — vide infra, potassium cyanide. 

F. Ephraim and C. Aellig observed that a yellow colour is developed when 
sulphur dioxide is passed into soln. of ammonia, potassium or sodium hydroxide, 
alkali carbonates, sulphites, hydrosulphites, formates, acetates, and to a less degree 
a soln. of calcium hydroxide or zinc acetate ; but not in soln. of alkali chlorides, 
nitrates, sulphates, hydrosulphates, alkaline earth (excepting calcium), hydroxides 
or carbonates, magnesium or cadmium hydroxides, or free sulphuric acid. The 
colour does not appear when the dilution exceeds 0-5A"-soln., and is a maximum 
in SA'-soln. where it is quite stable. Its absorption spectrum is very like that of 
a chromate soln. of the same tint. The soln. do not foUow Beer’s law on dilution, 
thus indicating that a compound is fornCied. A compound could not be isolated, 
but its composition is not far from that of a hydrosulphite. 
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CHAPTER mil 

SELENIUM 

§ 1, The History aai Oeciirrenee of Seieainm 

In 1817, J. J. Berzelius ^ said that the sulphuric acid works at GripsiLolm roasted the 
copper pyrites from Bahiun to obtain the necessary suipliiii dioxide and it had 
been noticed for a long time that a red, pnlrerulent substance collected on the floors 
of the lead chambers, but not when other sources of sulphur were employed. He 
gave the following account of the discovery of a new element in this deposit : 

In conjunction with J. G. Gahn, I was examining the method formerly in use at 
Gripshoka for preparing sulphuric acid. We found m that acid a sediment, part!y red and 
partly light brown, which, when heated before the blowpipe flame, gave an odour like that 
of rotten radishes, and left a grain of lead. That odour had previously been assumed bv 
M. H. Klaproth to indicate the presence of tellurium, and J. G. Gahn remembered that lie 
had often noticed the smell of tellurium in places where the copper ore of Fahlun was 
worked for the sulphur employed in the manufacture of the sulphuric acid. The hope of 
discovering such a rare metal induced me to examine this brown sediment. In undertaking 
this research, my only object was to separate the tellurium, but I was unable to detect 
that body in the material I examined. I therefore had the whole of the sulphuric acid 
deposits collected, using nothing but that derived from the Fahlun sulphur. Having 
obtained a large quantity of the material, I exaimned it in detail, and so discovered the 
presence of an unknown substance with properties closely resembling those of tellurium. 
This resemblance induced me to call the new element selenmm, from the Greek word 
(TeXriP^ which signifies the moon, while tellus is the name of our own planet. 

During the subsequent years, J. J. BerzeUns examined in some detail the chemical 
properties of selenium and its compounds. It might be added that near the 
beginning of the fourteenth century, Arnold de Villanova, in his Bosarius pMloso- 
phomm, spoke of a sulphur rubeum attached to the walls of the chambers in which 
native sulphur had been vaporized ; and F, Hoefer 2 asked : Serait-^e le selenium ? 

S. Piess© ® discussed some relations between the elements based on isomorphism and 
thought that selenium is an oxide of another element ; but the speculations were abortive. 
A, Pnngle made a wholesale discovery of new elements including five metals and a substance 
resembling selenium, called Tiesperisiumy in some Lower Silurian rocks, situated in the county 
of Selkirk. One metal was said to be like iron, but gave neither the thiocyanate nor the 
tannic acid reaction ; one was like lead in appearance, was easily fused and volatilized, 
and yielded yellow and green salts ; another, which was charcoal-black, was called 
erebodium ; its equivalent was 95 '4, and it fonned several oxides. A fourth, gadenium, 
with an equivalent of about 43*6, was a light-grey powder, and formed a red monoxide and 
a cream-coloured dioxide, yielding, respectively, white and yellow salts. Another, 
polymrmtumj was a rather dark-coloured metal, with an equivalent of about 74. Not one 
of these discoveries has been confirmed. 

Selenimn is ■widely distributed oa the earth’s crust, but occurs only in small 
quantities. F. W. darke and H. S. ‘Washington^ estimated that it occurs in 
igneous rocks in quantities about the same as sil’S’er, and more than platinum. 
They estimate that the igneous rocks contain »ixl0“8 per cent, of selemum ; and 
J. H. L. Vogt, mXlO^ per cent. W. Vemaddry gave O-Ogl for the percentage 
amount, and O-Osb for the atomic proportion. H. A. Eowland,® and M. N. Saha 
failed to detect the lines of selenium in the solar spectrum ; hut H. N. Warren 
detected extra-terrestrial selenium to the extent of O-Oi to 0-23 per cent, in meteoric 
irons which fell at Bohumilitz, Pallus, Elbogen, and in the Actacama Desert. 

693 



(U)f INOBGANIC AND THEORETICAL OIIEMTSTBY 

Accorclino; to G. Hintze,^ the evidence for the occurrence of free selenium in 
nature is vollko'mwcn ivcr(/iJo<^, In 1888 , A M. del Bio reported that he obtained 
from CJulebras, Mexico, a red mineral wliich lie supposed was a biseleniuret of zinc 
culoured with liisulphuret of mercury or cinnabar^ a grey mineral supposed 
to be “ a biseleninret of zinc united to a protosulphiirct of mercury.” H. J. Brooke 
(ialled tlui red mineral cu/rhnte —hom Culebras — and the grey mineral, riolite— 
after A. AT. del liio. Tn a note to TT. J. Brooke, A. M. del Bio said that ‘‘riolite 
is not a soleniuret of zme but rather a native seleuium ore with a variable mixture 
of sul]jhoseleniuret of mercury and seleniurets of cadmiuni and iron.” More or less 
garbled descriptions of these minerals were repeated in subsequent mineralogical 
works ; and the statements arc cited but not confirmed in C. F. de Landero’s work 
on the mineralogy of Mexico. E. Stromeyer, E. Quercigh, W. Haidinger, and 
Tj. B()in])icci discussed the selenium admixed with the sulphur of the Lipari Islands ; 
and J. D. Dana, and G. V. Brown, the selenifcrous sulpluir of Kilauea, Sandwick 
Islands According to E. Divers, the sulphur of Japan is seleniferous and tehuii- 
ferous. Bu V. Matteucci and E. Giustiniani observed selenium in the fumarole 
products during the eruption of Vesuvius in 1895 ; and F, Zamboriini and L. Coniglio 
also obscTVed schmiiira and tellurium on Vesuvius. The selenleUurium ivom^oTi- 
duras is, according to Bl. S. Dana and H. L. Wells, the nearest approach to native 
selenium wdiicli has yet been found. It has 29*31 per cent, of selenium and 70*69 
])er cent, of tolluriiun. G. Freliold discussed the paragenesis of selenium ores. 

There is a number of rare selenide minerals analogous with the sulphides— 
for instance, herzeliamte, OuoBe, of H. Bose, and 0 . M. Kersten; umangite, 
Cu;jBe2, of F. Xlockrnann ; naumamiite, (Ag2,Pb)Be, of H. Bose ; tiemannite, 
HgSe, of 0 . M Marx; eucairite, (Cu,Ag)2Se, of J. J. Berzelius, and I. Domeyko; 
clausthalite, PbRc, of J. K, L. Zincken, and H. Bose; lertoachite, PbSe with 
HgSe, of H. Bose, the BPbSe.HgSe, of C. P. Rammelsberg ; seebachite, 
2PbSe.4Cu8G.Ou28e.HgSe ; zorgite, PbSe with Cu2Se, of II. Bose and C. M. Kersten; 
crookesite, (0u/ri,Ag)2Se, of A. E. Nordenskjold ; aguilarite, Ag2(S,Se), of 

F. A. Gentli ; guanajuatite, castillite, or frenzelite, Bi2Se3, of V. Fernandez, 
A. del C’astello, A. Frenzel, and d. D. Dana ; joseite» Bi3Te(S,Se), by G. A. Kenngott, 
and A. Damour ; sialonite, BeySey, or Bi^Se, hy V. Fernandez and S. Navia ; wei- 
bumte, 2PbS.Bi4Se3S3, of M. Weibull, and G. Flink ; platynite, PbS.BiaSeg, of 

G. Flink ; wittite, 5PbS.3Bi2(B,Se)3, of K. Johannsorl, and A. Schwandte ; rubiesite, 
8111283. Sb2S3.Bi2(Te, 80)3, of S. P. de Buhies, and C. Boelter ; onofrite, Hg(S,Se), 
of H. Bose, and C. M. Kersten ; and the lead cobalt selenide of F. Stromeyer. 
There is also the selenolite, SeO^, of E. Bertrand ; the hydrated copper selenite, 
chalcomenite, CuSe03.2H20, of A. des Cloizcaux and A, Damour ; the molybdo- 
menite, or lead selenite, of E. Bertrand ; cobaltomenite, probably cobalt selenite, 
of B. Bertrand ; the copper lead cobalt selenide, penroseite of S. A. Gordon ; and 
kerstenite, or lead selenite (or selenate), of C. M. Kersten* 

Belenium occurs in small proportions in some minerals, etc. For example, it has 
been observed by J. J. Berzelius, L. Gmelin, 0 . M. Kersten, J. A. von Lewenau, 
G. Lunge, H. von Meyer, 0 . Muller, T. Nordstrom, A. Pleischl, A, Scheuer-Kestoei 
and A, Bosenstiehl, B. Scholz, E. P. Thomson, F. Wohler, L. WolkofE, etc., inv^ous 
forms of pyrites ; and when the pyrites is employed as a source of sulphur in the 
manufacture of sulphuric acid (q.v,), the products are contaminated with selenium 
although a large proportion appears as a slime in the lead chambers, and as dust in 
the flues. The presence of selenium in sulphuric acid was discussed by A. Jouye, 
P, Kienlen, J. G. Children, A. Scheuer-Keatner, E. Moles and S. Pina de Bubies, 
E. P. Thomson, G. Lunge, A. Lamy, M. P. Serg^efi, N. A. Orloff, F. Schlagden- 
haufien and C. Pagel, and T. W. Drinkwater ; while S. Littmann studied the mode 
of formation of selenium and its compounds in the burning of pyrites, ™ 

manufacture of sulphuric acid. Selenium may also occur in derived prodi^t^ 
thus, H- N. Warren noticed it in nitric acid; and T. Bayley, and W, B. Hart 
discussed the yellow colour of hydrochloric acid, the latter of whom attributed it to 
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E. 3Ioies and S- Pina de Untie? foand selenium in livdroc'bJoiic aeid ; 

E. ScliiagdenPaiifen and C. Pagel observed ttat the \dolet-bIue colour observed 
"vhen an impure hydrogen flame is allowed to impinge on a cold surface is due to the 
presence of seleiiiuiii, and not to sulphur. A large proportion of the seleiiiuiu 
originailj present in the materials from which the gas was prepared remains in the 
insoluble black residue, and E. W. Tiimiicliiie and O. Rosenheim found it in 
bremng sugar, and beer. 

H. "W. Turner, and J. hi. Curran reported selenium in gold ores ; W. Steinkiiiiler, 
in uraninite ; F. J. Otto, in copper pyrites; and W. Geilmann and H. Rose, in 
the lead and mercury ores of St. Andreasbiirg in the Harz. R. Euttger, and 
R. Kemper observed it in the other copper ores ; and, in consequence, selenium may 
appear in the undefined copper as observed by H. Bossier, C. Alexi, H. Yiolette, 
G. W. Lehmann and co-workers, and E. Kellar — ride infra, cuprous selenide. 
J. H. Debray, H. Violette, and L. Optficius found selenium in silver. J. J. Berzelius 
and R. P. Filipenko observed selenium in galena ; J. M. Curran, in bismuth ores : 
C. hi. Kersten, in X3itchblende, and cuprite ; C. Bodeker, in pseudo-malachite ; 
A. Fleisch, and M. Guichard, in molybdenite ; J. J. Berzelius, B. Scholz, A. Wehrle, 
"W. Muthmann and E. Schroder, F. A. Genth, in tellurium ores ; A. Jorissen, in 
coal from Liege ; and J. F, Smith, A. Damour, and A. Frenzel, in coke from Yorkshire. 

F. Taboury noted that the soluble matter in the mineral waters of La Roche-Fosay 
contains 0*2 per cent, of selenium. Arsenic had previously been reported in these 
waters, but that element is absent, showing that the ore was imstaken for the other. 
T. Gassmann detected hydrogen selenide in rain-water and in snow. He said that 
it is probable that hydrogen selenide is not present as such in the rain or snow5 hut 
is in combination with a second component which has not yet been identitied. 
F. Karrer denied this. 

According to T. Gassmann,^ selenium is a constant constituent of teeth and 
bones. He said that healthy teeth contain about 0 056 per cent, of Selenium, and 
even the diseased condition about the same figures for the selenium content are 
obtained. The urine contains 0*0011 per cent, of selenium in the male, and 0*0009 
per cent., in the female person. Most vegetables contain traces of selenium, especially 
spinach. On the other hand, R. Fritsch denied the presence of selenium in urine 
or in bones. 
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§ 2. The Esdiraction and Purification of Selenium 

J. J. Berzelius ^ obtained selenium from the chamber slimes of the siilplninc 
acid works hy dissolving the material in aqua regia, and evaporating the sola, 
with sulphuric acid so as to precipitate the lead sulphate. The ffltrate was treated 
with hydrogen sulphide so as to precipitate the copper, mercury, tin, arsenic, and 
selenium sulphides ; the precipitate was digested with aqua regia, and the cte 
liquid was evaporated to drive off the excess of acid, and then mixed with a litMe 
alkali-lye so as to precipitate the oxides of the heavy metals. The alkaline 
was evaporated to dryness, and heated to redness to drive off any mercury, ine 
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containing alkali selenite, was mixed with aimnoniiiin cMoride and keated 
in a retort iiiitil tlie ammonium cliioride aad all volatilized. Tke aminoiiia reduces 
tie selenite to seieninni. The residue was wasked witii water : the seleniam 
collected by iiltratioii, dried, and piiriiied by sablimation. K. Liebe used a some- 
wnat similar process. Instead of reducing seleniimi from alkali selenite by 
ammonium chloride, J. A. von Lewenau precipitated it directly from the solii. by 
ammonium sulphite. F. Wohler used sulphurous acid as precipitant for selenium^ 
and also substituted for aq_ua regia a mixture of sulphuric acid and nitric acid or 
potassium chlorate ; he also fused the material with a mixture of potassium nitrate 
and earbonate ; dissolved the cold cake in hydrochloric acid, and precipitated the 
seleniuin by a current of sulphur dioxide. W. Stahl extracted the selenium from 
the slime by means of fuming sulphuric acid, or persulphuric acid, and afterwards 
precipitated the selenium by sulphur dioxide. Z. Littman modined the process. 
L. M. Dennis and J. P. KoHer fused smelter due-dust with a mixture of 30i} grms* 
of flue-dust, 200 grms. of anhydrous sodium carbonate, and 775 grms. of sodium 
dioxide in a large nickel crucible until the mass melted quietly, .feer cooling, the 
product was treated with water and insoluble material filtered ofi ; it was then 
nearly neutralized wdth hydrochloric acid, which precipitated most of the zinc 
and aluminium. After filtration, a large vol. of hydrochloric acid was added, and 
the soln. boiled for thirty minutes to reduce the selenic acid to selenious acid ; any 
silica present was precipitated at this stage ; the filtrate was then heated to 80^ 
and treated with sodium sulphite in small quantities. The seleniiua separates, 
and is converted into the grey modification by digesting it with the soln. for several 
hours at 80®. J. A. von Lewenau, and B. Scholz treated the slime repeatedly with 
nitric acid in what was equivalent to a flask with a reflux condenser. The soln. 
was evaporated to drjniess, extracted with boiling water, the filtered liquid concen- 
trated by evaporation, and the selenium precipitated with ammonium sulphite. 
L. M. Dennis and J. P. Kolier obtained selenium from anode slimes containing 96 
per cent. Se, by adding the slime to cone, nitric acid to which one-fifth of its volume 
of water had been added ; a vigorous action ensued, and when this had moderated, 
the mixture was heated to complete the oxidation. The soln. was filtered, and a 
viscous, dark green liquid obtained which was evaporated to dryness. The residue 
was taken up with hydrochloric acid (3 : 1) and the selenium precipitated by sulphur 
dioxide or sodium sulphite. 

H. Bose extracted the selenium by heating the dried deposit in a current of dry 
chlorine so that the deposit does not fuse. The vapours of selenium and sulphur 
chlorides are received in a vessel containing water, and the filtered liquid treated 
with alkah sulphite to precipitate the selenium. C. Brunner passed a current of air 
over the heated deposit so as to convert the sulphur into sulphur dioxide, at the same 
time the selenium sublimes as oxide which is d^olved in alkali-Iye, etc. G. Magnus 
heated the material with manganese oxide, and obtained the same volatile products 
as G. Brunner obtained with air. H. Koch mixed the chamber deposit into a paste 
with moderately cone, sulphuric acid, and stirred it up with dry potassium perman- 
ganate at 50°--60®. The reaction: 4 B!Mii 04 -{- 5 Se+ 6 H 2 S 04 === 2 K 2 S 04 -|- 4 MnS 04 
+ 5Se02+^H20 is complete when the solid becomes white and the acid liquor red. 
Sodium chloride is then added to precipitate any silver which may be present and 
the mixture is diluted and filtered, the selenium being precipitated from the acidified 
filtrate by means of sulphurous acid. About 80 per cent, of the total selenium may 
thus be isolated. 0- Pettersson treated the deposit with a cone. soln. of potassium 
cyanide, and decomposed the soln. of selenocyanate with hydrochloric acid, etc. 
L. F. Nilson used a similar process, but purified the product by transforming it 
into selenium dioxide, and after sublimation, dissolviog the selenium dioxide in 
acid, and precipitating the selenium with sulphur dioxide. M. Shimose recom- 
mended the potassium cyanide method for separating selenium when tellurium is 
also present, and separate the tellurium by A. Oppenheim's procem. H. Schnitzler, 
A. von Schrotter, and E. Priwoznik, etc., also dikjussed the separation of selenium 
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from tellurif exons min exala — mdje infra, tellurium. R. Tlirelfall separated tlie 
mixed oxides by repeated sublimation in a current of dust-free, dry air at 300° 
R. Bottger treated the washed slime with a cone., neutral, aq. soln. of sodium sal- 
j)hite until the slime begins to blacken, the soln. was filtered into dil. hydrochloric 
acid, and the treatment repeated on the separated selenium. If a boiling soln. of 
sodium sulphite is used, the selenium does not dissolve. S. Sugie, and T. Shiomi 
and K. Ozu discussed this subject. 

P. Kienlen suspended the deposit in water and passed a current of chlorine so 
as to form selenium tetrachloride which is at once hydrolyzed hy water to selenium 
dioxide and some is oxidized hy the excess of chlorine to selenic acid. This is 
reduced to selenious acid by boiling hydrochloric acid, and at the same time selenium 
chloride is formed. This is decomposed by a sulphite. He also obtained selenium 
from the acid from Glover's tower in a sulphuric acid works hy allowing the liquid 
dil. with three times its vol. of water, to stand in a warm place for some time. The 
selenium gradually settles. J. Personne treated the dil. acid with sulphur dioxide 
so as to precipitate the selenium, J. R. Joss freed the precipitated selenium from 
calcium sulphate by washing it with boiling water. H. Borntrager heated the 
deposit to redness in an earthen retort in the absence of air, and found that the 
selenium sublimed. It was well washed with alkali-lye and then with water so as 
to remove the arsenic and selenium oxides. 


A, Wehrle fused potassium hydroxide with scleniferous galena, sulphur, or 
pyrites, digested the fused mass with water, and exposed the filtered soln. to air 
when the selenium was precipitated. E. Wohler extracted selenium from lead 
selenide minerals by digesting the powdered ore with dil, hydrochloric acid to remove 
iron and calcium carbonates ; the washed and dried residue was fused with an 
equal weight of black flux in a charcoal crucible for an hour at a moderate heat. 
The powdered mass was quickly washed with boiling, air-free w^ater so long as the 
runnings exhibited any colour. If the selenide of potassium in the liquid comes in 
contact with air, selenium is precipitated. The reddish-brown filtrate is exposed 
to air in shallow dishes, and the crusts which are formed are broken up from time to 
time. The formation of these crusts continues until the liquid becomes colourless, 
and the traces of selenium still present can he removed by warming the liquid with 
hydrochloric and sulphurous acids. The crusts of selenium are washed and freed 
by distillation from a little admixed selenide. B. Mitscherlich fused the powdered 
material with an equal weight of sodium uitrate ; extracted the product with 
boiling water ; and evaporated by boiling with a little nitric acid. The hot liquid 
deposits crystals of sodium selenate ; on cooling, sodium nitrate separate out ; 
and the mother-liquor when concentrated again deposits sodium selenaM. The 
sodium selenate is mixed with ammonium chloride, and heated. The mass which 
remains is washed with water and selenium remains. L. Billaudot obtained 37 


kgrnis. of selenium from 139-5 kgrms. of zorgite by treating it with aqua regia; 
evaporating the liquid at a gentle heat ; filtering ofi the lead chloride ; and passmg 
sulphur dioxide through the soln. The qjrecipitated selenium was washed mth 
water, to free it from copper chloride, boiled with hydrochloric acid to free ^ from 
lead chloride, and finally washed with water, dried, and melted. Great dmculty 
was experienced in obtaining bars of vitreous selenium. When it was cast in oast 
iron moulds, the cooling was so slow that the graphite modification was obtoued. 
By casting in copper moulds with thin walls, plates of vitreous selenium ^*3 
thick were obtained, but the best results were obtained by placing the moim m 
water, and pouring in the melted selenium when it had cooled nearly to the solicL^- 
ing point ; it then immediately solidified in the vitreous modification. A 
3 cma. thick, and weighing 12-6 kgrms., was thus obtained. M. Chikashige an 
D. Uno obtained selenium and the noble metals from electrolytic slimes, etc., y 
fusion. The electrolytic slime or other product is fused with lead and a smm e 
alkaliin the form of hydroxide, carbonate, or nitrate, the noble metals being obtain 
as an alloy with lead and the selenium in combination with the alkali metals 
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H. Eose observed that selenium is imperfectly precipitated by salplmr dioxide 
in tlie presence of sulplmrie acid alone, but E. Divers and M. Sliiinose showed that 
this refers only to dil. sulphuric acid, for precipitation is coiiiplere if the acid be 
sufficiently concentrated. D. L. Ogden and R. E. Valentine also used sulphur 
dioxide, h:ee from hydrogen chloride, as a precipitant for selenmm. Eoi other 
precipitants, mde infra, the analytical reactions of selenium : and also the action 
of metals on selenious acid. H. Rose, and A. Oppeiiheiin have discussed the 
purification of tellurium (g.u.) from traces of selenium. Selenium can be separated 
from all metals not precipitated by silphurous acid and arsenic, antimony, ami 
tin. The completeness of the precipitation of selenium depends or: the 
acidity of the soln. E. Keller found that the precipitation of selenium and 
teliununi by sulpliiir dioxide shows characteristic dinerences. The graphs, 
Figs. 1 and 2, refer to cold soln. containing 0*10 grm. of selenium or tel- 
lurium treated by sulphur dioxide in presence of diEerent proportions of hydro- 
chloric acid (sp. gr. 1*175). The curves indicate the amounts of these elements 
precipitated on standing about 20 hrs. Vhth soln. containing over SO per cent, 
of hydrochloric acid, all the selenium and no tellurium is precipitated. Con- 
sequently, to obtain both elements completely precipitated, not less than 30 or over 
50 per cent, of acid should be present. If selenium alone be present, toial precipita- 
tion occurs if the acidity of the soln. exceeds 30 per cent. ; if both selenium and 
teliurium be present, tellurium and selenium will be precipitated if the acidity of the 
soln. he kept between 30 and 50 per cent. ; but outside these limits either seienium 
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or telLuriiim may be whoUy or partially precipitated, according to the cone, of the 
acid. Selenium will alone be precipitated from a mixed soln. if the acidity of the 
soln. exceeds 80 per cent. Hence, if selenium he first precipitated from a soln. of 
over 80 per cent, acidity, and made up to twice its former voL with water, the 
teliurium will he precipitated by a repetition of the sulphur dioxide treatment. 
C. Alexi also found that with 1, 5, 10, and 50 c.c. of hydrochloric acid of sp. gr. 
1*124, 10 c.c. of a soln. with 0*1 grm. selenium, dil. to 100 c.c., sulphur dioxide 
precipitated respectively 0*0543, 0*0986, 0*0993, and 0*0973 grm. of seleuium; 
with similar soln. having 10 c.c. of the acid, at 19®, 50°-60®, 70®“80® and 90°“100® 
the amounts precipitated were respectively 0*0993, 0*0998, 0*0992, and 1*014 grm. 

A. Garnak did not get good results in separating selenium from sulphuric acid 
residues by the sulphite process, and he recommended adding gradually, with 
energetic stirring, 600 grms. cone, sulphuric acid to a kilogram of deposit (3*5 per 
cent, of selenium) ; 140 grms. of manganese dioxide is gradually introduced into 
the mixture at 90® to 95®. After 2*5® to 3 hrs., the selenious acid is extracted with 
3 litres of water. The united soln. are then lareated with 10 gnus, of hydrochloric' 
acid, and 120 grms, of sodium thiosulphate, and the selenium is coagulated by 
boiling the soln., washed with 200 c.c. of hot water, and dried at 50®. The yield 
is 90 per cent. 

F. C. Brown recommended freeing the selenium from occluded gases by heating 
it in a high vacuum, and subliming the element. E. Divers and M. Shimose 
purified selenium by dissolving it with boiling cone, sulphuric acid ; diluting the soln. 
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with water ; precipitating the selenium with sul]3hur dioxide ; washing the precipi- 
tate with water, then with alcohol ; and drying it in air. C. Hugot digested the 
crude selenium with dil. nitric acid ; evaporated the mixture to dryness ; sublimed 
the resulting selenium dioxide ; dissolved the product in water and removed a trace 
of sulphuric acid by the addition of a little baryta-water ; acidified the filtrate with 
liydrochloric acid, and precipitated the selenium with sulphur dioxide. E. Marc 
used a somewhat similar process. E. Divers and T. Shimidzu said that hydrogen 
selenide in excess with sulphurous acid gives a precipitate of pure selenium. 
L. T. Brownmiiler stated that the selenium on the market contains traces of dioxidej 
which appears under the miscroscope as opaque particles when selenium is used as a 
medium for the determination of indices of refraction. To prepare seleniiini 
optically clear, it suffices to distil the element in an atm. of carbon dioxide. 
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§ 3. The Allotropic Forms of Selenium 

Selenium, like sulphur, furnishes a number of allotropic forms. J. J. Berz^M 
recognized a non-crystalline variety which when warmed softens before it mei1» , 
a red amorphous variety which was obtained by reducing selenium dioxide ; 
grey, crystalline variety obtained by slowly cooling molten selenium ; and a bl^ 
crystalline variety produced by the spontaneous decomposition of a selenide 
to air. F. von SchafEgotsch, J, W. Hittorf, and E. Mitscherlich showed that the 
steel-grey and black crystalline varieties are the same. The two^ amorpMns 
varieties are said to be soluble in carbon disulpbide, and the crystalline varies 
soluble and insoluble respectively. From his own and F. Neumann’s observawoM 
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on the sp. gr.^ C. E. Eamineis'berg assumed that there are lour varieties : (i) red, 
ainorphous selemuiu of sp. gi. 4*3, aad soluble in carbon disulphide ; (ii) red 
crystalline selenium of sp. gr. 4*46-4*50. and soluble in carbon disulphide ; (iii) greVs 
granulaij metallic seieniiim of sp. gr. 4*5, and insoluble in carbon disuliihide ; and 
fir) black selenium of sp. gr. 4*8 and insoluble in carbon disulphide — it is obtained 
by the spontaneous decomposition of aq. soln. of selenides in air. The two red 
fcrms pass into grey metallic selenium at ; and all the varieties when 

melted and rapidly cooled pass into the red, amorphous form. E. Petersen con- 
sidered that both forms insoluble in carbon disulphide are really the same. He 
called the amorphous variety soluble in carbon disulphide — a-sehninm ; the mono- 
clinic variety soluble in carbon disulphide— ; and the other crystalline 
variety insoluble in carbon disulphide — y-selenhan. "W. Muthmann showed that 
there are really three crystalline forms — two monoclinic varieties, and a rhombo- 
hedral or trigonal variety. They were studied by E. Korinth, who found the 
evaporation of a soln. of red, amorphous selenium in carbon disulphide furnishes 
small, hexagonal, yellowish to reddish-brown, transparent, birefringent, crystals 
with extinction parallel to the longer side of the hexagon. The crystals are mono- 
clinic and are isomorphous with '?]-sulphur. If these crystals are "added to a soln. 
of sulphur, the sulphur is deposited on the selenitun crystals as an isomorphous 
layer. If only a little soln. of selenium is added to one of sulphur, the ?j-form 
of sulphur is produced almost exclusively, but the crystals of sulphur, under high 
magnification, appear to contain tiny particles of selenium embedded in the sulphur. 
H. 0. Schuke also established the existence of colloidal selenium. From this, 
A. P. Saunders, and W. Muthmann concluded that there are three allotropic forms 
of Selenium : (i) The glassy or intreous, the aynorpkous, and the coUoidal forms 
soluble in carbon disulphide ; (ii) red monoclinic crystals soluble in carbon disul- 
phide, of which there are two varieties with difierent axial ratios, one of which 
forms isomorphous mixtures with sulphur, and the other does not ; and (iii) grey 
metallic or trigonal selenium isomorphous with tellurium, and insoluble in carbon 
disulphide. Summarizing : 


Se 


o T ( liq-uid, amorphous, vitreous, glassv, or colloidal. 

Insoluble in CSg-grey, metallic, trigonal crystals. 


Liquid selenium above 220° has properties characteristic of ordinary liquids ; 
below that temp., the liquid becomes more and more viscous, but it remains soft 
down to about 60°, and, at 30°-40°, it becomes hard and brittle. This behaviour 
is characteristic of vitreous glasses and undissolved or congealed liquids in the 
co-called amorphous state — ^Eig. 11, 1 . 9, 6. J. J. Berzelius, J. W. Hittorf, 
H. V. Kegnault, A. P, Saunders, E. Petersen, and E. Euhmer studied the formation 
of undissolved selenium. In this undissolved state, selenium has the conchoidal 
briliiant fracture characteristic of glasses, and is the so-called glassy seleHiimi 
or the vitreous seleuiiim of commerce. Formerly this selenium was marketed in 
medallions having the image of J. J. Berzelius, the discoverer of the element, but 
it is now usually supplied in the form of rods. The colour en masse is black, 
but tbip fragments are deep ruby-red in transmitted light, and it furnishes a red 
powder. The so-called amorphous selenium separates out when soln. of selenious 
acid are reduced. According to A. P. Saunders, it forms a diy impalpable powder 
without any signs of crystallization. At 40 °-- 50 °, it darkens in colour, and coagu- 
lates to a soft mass which, when cooled, becomes a hard and brittle mass with a 
conchoidal fracture. Allowing for differences in the state of aggreg*>Aion, amorphous 
selenium shows all the characteristics of vitreous selenium. Boli amorphous and 
vitreous selenium are slightly soluble in carbon disulphide. J. W, Hittorf, and 
H. V. Begnauit also discussed the identity of amorphous and vitreous selenium. 
Gr. Briegleb found that the X-radiograms showed the presence of two components, 



702 


INORGANIC AND THEORETICAL CHEMISTRY 


Se and Se 2 , wHch Lare the same solubility in carbon disulphide, but diSen-nt 
rates of solution in that menstruum. 

F. W. O. de Coninck found that a sulphuric acid soln. of selenium, reduced by glm-o- 
from selenious acid, slowly decomposes: SeS03“l-HoO = Se-[-H2S04, yieldino' a broiro 
variety of selenium which does not become fluorescent when exposed to diffused liebt ^ 
undergo any change in contact with carbon disulpliide, in which it is very sparinglv solubh^ 
On prolonged exposure to sunlight, it is slowly converted into the amorphous black variet * 
of selenium. F. W.O. de Coninck and A. Haynaud found that the selenium precipitated 
when a moderately cone. soln. of selenious acid is treated with a sat. soln. of sulphur dioxide 
after exposure to diffused daylight, is partly transformed into grey crystalline leaflets bavins 
a fine lustre ; the remainder undergoes a slight agglomeration, but does not change col^ 
and remains amorphous. The former change is visibly enhanced by sunlight. Two 
varieties of selenium are supposed to be involved. 

In accord with W. Ostwald, A. P. Saunders showed that amorphous selenima 
separates by preference in all cases where selenium is rapidly set free either by 
decomposing one of its compounds, or by precipitation from soln. of its vapours. 
As observed by H. E-ose, and A. Oppenheim, amorphous selenium is produced wheii 
selenium is dissolved in potassium cyanide and precipitated by hydrochloric acid • 
J. J. Berzelius, when selenious acid is reduced by sulphur dioxide, or by zinc or iron ; 
J. W. Hittorf, by stannous chloride ; H. Eose, by phosphorous acid ; A. P. Saunders* 
by ferrous or chromous chloride or by hydrogen — A. Klages observed an emission 
of light when selenium dioxide is reduced by hydrogen ; W. E. O. de Coninck and 
E. Chauvenet reduced the soln. of selenium dioxide by glucose, aldehyde, and other 
organic substances — vide infra ; G. Magnus, E. Auerbach, and J. W. Hittorf, by 
adding water to soln. of selenium in cone, sulphuric acid — vide infra ; B. Eathke, 
by decomposing selenothionates by acids, or selenium chloride by water ; 
E. Schneider, by decomposing selenium bromide with alcohol ; P. Jannasch and 
M. Muller, by reduction with hydrazine sulphate or hydroxylamine hydrochloride ; 
J. W. Hittorf, by slowly oxidizing hydrogen selenide by air, or, according to C. Eahre, 
with ferric chloride, selenium dioxide, or hydrogen dioxide ; H. Uelsmann, by 
decomposing various selenium compounds — e.g. potassium selenide ; M. Berthelot, 
by the electrolysis of aq^. soln. of hydrogen selenide ; S. Bidwell, in the electrolysis 
of soln. of selenious acid, or by passing a current through a selenium cell ; L. Schucht, 
by the electrolysis of acidic or alkaline soln. of selenium ; and H. Bomtrager, 
by subliming the element whereby the amorphous form condenses in the cooler 
parts of the tube — some grey selenium is formed at the same time. M, Gr. Weber 
made the variety soluble in carbon disulphide by abruptly cooling the vapour as ia 
the method of H. Erdmann and M. von Unruh for yellow arsenic {g,v.). A. Gruthier 
and E. Kohler passed the vapour of selenium into water free from air. The sok. 
are usually rose-coloured, and at first blue and cloudy ; sometimes they are clear 
yellowish-red or deep red. The yellowish-red soln. are the most highly dispersed. 
They all show the Brownian movemeht, and the Tyndall effect. The blue sok. 
are quite stable, and may be kept in closed vessels for months at ordinary temp. ; 
non-dialyzed soln, may he frozen to an almost coloixrless ice ; when thawed they 
quickly decompose. 

When, say, 5 per cent. soln. of selenious acid and sulphurous acid are mixed there 
is no precipitation at first, the colour in transmitted light then changes from yellow, 
through reddish-yellow, and yellowish-red, to a more or less deep hlood-red, and only 
after the lapse of a certain time is a deposit of red selenium formed. This makes 
its appearance as a golden-yefiow or a red translucent skin upon the sides of the 
containing vessel. H. O. Schulze, working with very dil. soln. of selenious and sul- 
phurous acids (Se 02 : S 02 =l : 2), obtained soln. of colloidal selenium as a hydrosd. 
The colouring power of selenium in the colloidal state is very marked ; a sok. with 
one part of selenium in 10,000 parts of water has a distinct red tinge, P. I. Cholodny 
prepared colloidal soln. in a similar way. S, Utzino, and H. Paulson prep^d 
colloidal selenium by grinding in the colloid mill. The redprecipitateispeptiz^ 
or defiocculated if an excess of water be added, but if the precipitate is aged or if it 
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Las been exposed to ligM, its defloccnlation max not occur so readiij. TJie colloidal 
soln. is stable in tbe dark, but when exposed to light, the selenium may be deposited 
as a red film or skin. All foreign soluble substances may be removed by dialysis. 
The colloidal soln. may be boiled without decomposition, but the selenium is salted 
out by the addition of salts or acids. W. Biltz also prepared colloidal soln. of 
seleniuin by reducing selenious acid with sulphurous acid ; J. Meyer used soln. of 
hyposulphites as reducing agent — A. Guthier and E. Emslander prepared almsoU 
in a similar way ; A. Gutbier and co-workers, with titanous chloride ; and 
A. Gutbier, hydrazine hydrate (1 ; 2000) and 0*2 per cent. soln. of selenious acid, 
and also hydroxylamine hydrate or phosphorous acid ; E. Auerbach obtained 
colloidal soln. of selenium in pyrosulphuric acid — vide infra^ action of that acid on 
seleniuin. J. Meyer dissolved selenium in a cone. soln. of hydrazine hydrate, and 
diL the liquid. A. Guthier and E. Heinrich studied the results obtained with 
sodimn or ammonium hydrosulphite, sulphurous acid, sodium hyposulphite, and 
hydrazine salts. A. Guthier and P. Engeroff obtained colloidal soln. hy the hydro- 
lysis of various selenium bromides ; J. Meyer, by the action of diL sulphuric acid 
on sodium selenosulphate ; P. P. von Weimam and B. Y. Maljishefi, by adding a 
soln. of selenium in carbon disulphide to ether ; and A. Pochettino obtained sols 
in a variety of indifferent solvents, retene, fluorene, phenanthrene, anthracene, 
naphthalene, a-naphthol, g-naphthylamine, diphenylmethane, diphenylamine, 
triphenyiainine, phenol, thymol, and paraffin. The solvent is heated to about its 
b.p. (above the m.p. of selenium) in presence of selenium, the liquid assuming an 
increasingly dark red coloration. When solidified, the soln. appears red by 
reflected, and blue by transmitted light, this double coloration being characteristic 
of colloidal suspensions of selenium with large particles. These soln. can be 
repeatedly solidified and liquefied without alteration of their properties. A. Gutbier 
and G, L. Weise obtained the colloid hy the electrolysis and dialysis of aq. soln. of 
selenium dioxide. B. Muller and R. Nowakowsky prepared a coHoidal soln. by the 
electrical pulverization in pure water of a cathode prepared by fusing a small piece 
of selenium on to platinum foil. This takes several hours with an e.m.f. of 20 volts, 
or is effected more quickly with a greater €.m.f. The hydrogen selenide formed with 
an e.m.f. of 20 volts is oxidized by the anodic and atmospheric oxygen ; but with 
an e.mi, of 220 volts, hydrogen selenide is evolved. The colloidal soln. is fiery 
yellowish-red in thick layers, or a dirty yeEow in thin layers, by transmitted, or 
yellowish-red by reflected light, and deposits selenium only slowly, except on the 
addition of an electrolyte. A. Pochettino also prepared colloidal soln. by electrical 
pulverization ; H. Neugebauer, by mechanical trituration in a soln. of lactose ; 
and S. Utzino observed that the maximum stability of the soln. does not necessarily 
occur with the finest state of subdivision. S. Eoginsky and A. SchaMkoff obtained 
the colloid by distilling selenium, and collecting the vapour on a surface cooled by 
liquid air. P. Ehre^aft and G. Wasser discussed the aerosols of selenium. 
P. W, 0. de Coninck and E. Chauvenet used for the reduction glucose^ or other 
organic reducing agents — ^levulose, formaldehyde, paraldedehjde, benzaldehjde, 
formic acid, oxalic acid, malonic acid, venanthol, etc. C. Paal and C. Koch prepared 
soluble colloidal selenium in a solid form by using sodium protalbate or lysalbate 
as protective colloid. They said that the liquid hydrosol of selenium is obtained 
by reducing selenious acid, dissolved in aq. sodium protalbate or lysalbate, with 
hydrazine hydrate and hydrochloric acid, or with hydroxylamine hydrochloride, 
and dissolving the precipitate so obtained in aq. sodium carbonate. The liquid 
hydiosol, after purification by dialysis, is blood-red by reflected light, or, when 
strongly diluted, red by transmitted light. The solid hydrosol, obtained in dark 
red, glistening flakes when the soln. is evaporated by gentle heat and finally over 
sulphuric acid, contains 32 to 50 per cent, of selenium, and is easily soluble in cold 
water* This form is much more stable than the hydrosols previously obtained ; 
in aq. soln., it remains unchanged on repeated alternate treatment with acetic acid 
and sodium hydroxide, ox when boiled with an excess of 10 per cent., sodium 



704 


INORGANIC AND THEORETICAL CHEMISTRY 


cMoride ox phosphate soln., but is gelatinized on addition of an excess of calcium 
chloride soln. in the cold. A specimen of this solid hydrosol, after pxesexvatiou 
for 2-| years, dissolved almost completely in water. Colloidal selenium, containiiiff 
up to 90 per cent, of selenium, is obtained by dissolving the solid hydrosol in water 
and adding acetic acid as long as precipitation takes place. The Chemische Eabrih 
von Heyden used white-of-egg, or analogous substances, as protective coUoid* 
L. Lilienfeld used proteins, gum arabic, or gelatine ; D. L. Shrivastava and co- 
workers, sugars ; R. Ditmar, caoutchouc ; A. Gutbier and R. Emsiander, gelatin : 
A. Gutbier, J. Huber and P. Eckert, extract of seeds of Flantago psylliim; 
A. Gutbier and U. Rhein, saponin ; A. Gutbier, extract of carob beans ; A. Gutbier 
found tbat relatively stable sols of selenium may be prepared by evaporating on the 
water-bath, to a syrupy consistency, an aq, soln. containing equimolecular quantities 
of selenium dioxide and dextrose, and then adding one drop at a time of cone, 
ammonia, taking care that the soln. remains S 5 nrup 7 . After cooling and mixing with 
water, reddish-brown sols are obtained wbicb after a short time are stable, and 
contain about 0*016 grm. of selenium per 100 c.c. The stability of the sol is 
increased by the presence of a slight excess of dextrose. The sols are stable on 
boiling, but on freezing they are completely and irreversibly coagulated if there is 
no excess of dextrose. The sols are sensitive to electrolytes. Glycerol sols can he 
prepared in the same way as the hydrosol and have similar properties. 

P. I. Cholodny found the sp. gr. of colloidal selenium to be 4*26 to 4*27 at 074“ 
in agreement with the value for amorphous selenium. A. Gutbier and co-workem 
found that when the colloidal soln. is frozen, and melted, most of the selenium 
returns into soln. If the freezing is repeated many times, or if the sol is kept in 
the frozen condition too long, the colour by transmitted light becomes less intense 
and the stability of the sol becomes much less, particularly toward an increase in 
temp. The nature of the reducing agent employed in the preparation of the sols 
and the temp, of preparation have a great influence on the stability toward freezing. 
R. Auerbach obtained colloidal soln. of selenium in pyrosulphuric acid — vide infra, 
action of that acid on selenium. H. R. Kruyt and P. C. van der Willigen, 
H. R. Kruyt and D. R. Briggs, and K. von der Grinten studied the cataphoresis 
of colloidal selenium. The flocculation of colloidal soln. of selenium by acids, 
and salts was examined by H. O. Schulze, A. Gutbier and cq-workers, J. Meyer, 
P. C. L. Thorne and co-workers, P. I. Cholodny, H. R. Kruyt and co-workers, 
and J. J. Doolan. S. Utzino observed tbat the stability of colloidal soln. of selenium 
decreases with increasing dispersion of the particles. A soln. with particles of 
average size 52/xfi could be kept for a year. J. J. Doolan, A. Gutbier and R. Kohler, 
and W. Biltz found that colloidal selenium migrates to the anode. A colloidal 
solu . of selenium gives a precipitate with colloidal hydroxides of iron, aluminium, 
chromium, cerium, and zirconium, and selenium is adsorbed from its coIioiM 
soln. by silk A. Gutbier and B. Ottenstein obtained a purple colour by depositing 
the colloid on stannic hydroxide. W. Reinders discussed the distribution of the 
colloid between two solvents ; and S. Kwartin, the Brownian movernent in gases. 

E. Mitscberlich obtained red or dark maroon crystals of monodinic seteoium 
by slowly cooling a hot soln. of selenium in carbon disulphide. He observed that 
selenium separates from carbon disulphide in monoclinic crystals in two diflerent 
habits — as thin, transparent, red leaflets ; and as grains so intensely coloured as 
to appear opaque and almost black although thin fragments have the same 
colour as the leaflets. He obtained the largest crystals by subjecting amorphous 
selenium and carbon disulphide in a sealed tube, to successive changes of temp, 
somewhat below 100*^. W. Muthmann observed that two monoclinic forms 
separate from carbon disulphide soln. The two types have diflerent degrees d 
stability, and different axial ratios — one— a-monoclinic selemum — ^in orang^rw 
having a:h: c=l*63495 : 1 : 1-6095, and jS=75° 38' ; the other— ^-monocte 
selemum — having a:b: c=l-5916 : 1 : 1-1352, and ^==86'“ 56' ; the latter 
occurs in short, thick prisms, but sometimes it occurs in leaflets easily confused witt 
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of selenhiiL 111 carbui: rlLbuIpliid«^, a crop uf inimite. pah-mJ ? 1 - (‘.epu-ITv 

31 L. Frank^iirieiiii obtained what he called ohiiqu** rhonJij' ’-ri'.ns freer: a h: 
of seltrnini)! in cone, sulphuric acid : A. P. Saunders ohtaiu' - u o ^^edie - Imimu in a 
similar manner. The led monoclinic form was also prenarcf: hv E. E- ^ '•> ‘i: a si 
3Y. lluthmaim. 

The direct change oi vitreous to the red iiionuclimc LrV'tjlhL- ft-rn. im.- 
been observed with certainty. Since metaHic selcnimii im-lt- 2l7n tin- 

red monoclinic forms are unstable and should have a ni.p. beiow that temp. 
E. 31 iT 3 cherlich said that the red. monoclinic crystals melt if rapidly hear^-d to 2<>J , 
but this may mean that the heat developed when the vitieou'- fonii passe- into 
inetaliie form mav he great enough to raise the tern]) of the .>elenii:ni to its m.n. 


The observetl iii.p. thus represents a special case of what A. F. Saunih-rs calls 
self-fusiok. A. P. Saunders heated mixtures of selenium with an inert orgaiiif 
substance, and found that the selenium could be fused btdow 2u5d wl:er*-as 
crystals of gallein acetate, m.p. 205^ did not fuse. He theretotv inferred that 
red monociinie selenium has an unstable ui.p. at 170^-18U*n AVhen the niuno- 
clmic crystals are triturated, they furnish a red powder which is in«li,stiiigiiishab]e 
from the red powder of amorphous selenium. E. Alitscherlich said that tiupv are 
stable at iOOd but at 150" pass into the metallic form. C. F. Ptanimelsberg saitl 
that the crystals are not stable at 100", but W. Aliithmann placed tin- transition 
temperature of the one form of monoclinic crystals at 110^-120b and of the secoiit! 
at 125"-130"'. The second monoclinic form is stable at 110’ J. J. Berzelius, 
etc., observed that when any of the forms of selenium, just indicated, is heated above 
217“, metallic selenium is produced in hexagonal-rhombobedral crystals which, 
according to AV. Aluthmann, are isomorphous with the trigonal crystals of tellurium. 
This is the stable form of the element. It looks like a steel-grey metallic substance, 
which furnishes a black powder, but if the powder be very iin<\ it appears red. 
B. Kathke said that the powder is always black, but E. Alitschcrlich observed that 
the finest powder is red. 

3!. L. Frankenheim obtained what he called oblique, rhombic prisms by sub- 
limation : J. Frobei, rhombic prisms by exposing an aq. soln. of aminoiiiimi selenate 
in air. The acute crystals obtained by A. Pleischl, by siibiiination, were siisp<^cted 
by J. J. Berzelius to be mercury selenide. H. Bonitrager, and Aluthmann 
prepared the crystals by sublimation, J. AV. Hittorf, E. Alitsclierlich, B. Hathke, 
and C, F. Eammelsberg obtained this form of selenium by the action of air on 
aq. soln. of potassium or sodium selenide ; and J. J. Berzelius, and J. Frobei, from 
aq. soln. of ammonium selenide. C. Fabre said that selenium separates in tlie 
metallic form when hydrogen selenide is de<mmposed by moist oxygen ; A. Dittt*, 


by the tliennal decomposition of hydrogen 
selenide in sealed tubes ; and 31. Berthelot, by 
the electrolysis of selenious acid. The metallic 
selenium collects on the cathode and is partly 
soluble and partly insoluble in carbon disulphide. 
E. Petersen said that the black, metallic selenj^m 
obtained by the electrolytic process contains 
about 0*5 per cent, of soluble selenium; and the 
best metallic selenium he obtained from the 
vitreous form contained about one per cent, of 
the soluble form. 

As indicated above, metallic selenium melts 
at about 217*^, and monoclinic selenium pro- 
bably between 170"^ and 180°. The diagrammatic 
curves of the relation between the vapour pres- 
sures of the difierent forms of selenium and temp. 
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Temfiemtures 

Fio, 3. — Vapour Pressure Curves of 
the Different Fonu& of Selenium 
(Diagrammatic). 

are illustrated by A. P. Saunders 


by Fig. 3. The state of \dtreoiis selenium is illustrated by the curve xlB. 
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There is no defi-nite m,p. E. Sacc said that while metallic selenium melts at 
217°, the vitreous form only becomes liquid at 240° to 250°. As shown by 

A. P. Saunders, the same lionid 
is obtained at 217° with all 
varieties of selenium. The liquid 
at that temp, has a moderately 
high viscosity, and when cooled 
under ordinary conditions it fur- 
nishes the vitreous form, hut if 
the cooling be very slow, the 
metallic form appears. The con- 
version of the vitreous to the 
metallic form was shown by 
H. V. Eegnault to he attended 
by the evolution of much heat, 
so that when the vitreous form 
is gradually heated, there is a 
sudden rise in temp, from about 96° to about 150°, when the mass becomes a mobile 
fluid, but it hardens again in a few minutes. The product is metallic selenium. This 
explains how J. J. Berzelius could say that the vitreous form becomes semi-fluid 
at 100° and completely so a few degrees higher. E. Marc measured the difference of 
temp, between the bath and the selenium with the bath at different temp., and the 
results are plotted in Fig. 4. H. V. Eegnault’s temp. 96° does not represent a 
transition point. The change does not possess a measurable velocity below 90° ; 
W. Hittorf said that it may occur anywhere between 80° and 217° ; and 
C. F. Eammelsberg gave 90° as the limit of stability ; and above 95° the change 
goes on rapidly. J. W. Hittorf said that the maximum velocity of the transformation 
occurs at about 125°. The idea of a transition temp, in the conversion of vitreous 
to metallic selenium was accepted by G. Tammann ; and H. le Chatelier could say, 
“ selenium is only stable in the crystalline state above 60° and below 214°. Outside 
of these extreme limits of temp., the amorphous modification alone is stable,” 
probably owing to the following observation by 0. Lehmann : 


Fig. 4. — Showing the Temperature of Selenium 
when Heated in a Bath at Difierent Temperatures. 


When melted under a cover-glass, solonium appears as a clear red transparent liquid ; 
on further warming, the liquid gets darker and black points make their appearance here 
and there ; these increase in size and assume the aspect of spherical aggregates of the 
insoluble grey modification. . . . The crystals soon fill the whole field, and, on still further 
heating, the mass melts to a dark, almost opaque liquid. On cooling down slowly, the 
spherical crystals of the grey modification appear at first, and then, as they grow steadily 
smaller, the colour of the liquid becomes loss intense, and we obtain finally the original clear 
red liquid. If the cooling is rapid, the crystals of the grey modification do not appear, 
but the liqiiid passes gradually from dark red to light red. The same behaviour is shown on 
rapid warming ; here also the black crystals may appear momentarily and disappear 
again, but sometimes the transition is direct from the red coiidition into the more deeply 
coloured one. The increased absorption of light on heating and the reverse change on 
cooling, point to a chemical change in the liquid such that it is to be regarded at higher 
temp, as partially a soln. of the grey modification. On attempting later to reproduce the 
above inversion it did not prove possible to do so ; perhaps because of greater or less 
impurity of the selenium, perhaps because the conditions were not favourable for the 
production of the grey (light-sensitive, less conducting) modification. 


A. P. Saunders could not verify this. He made a number of dilatometiic meaBTO- 
ments with, vitreous selenium at diflerent temp., and in the presence of various hquids 
he found no evidence of any stable form other than metallic selenium with a sp. gr. 
4-8. The metallic form is stable throughout its range up to nearly 200°, whereas 
the vitreous form passed into the metallic form at any temp, ranging from 60° to 80 
according to the liquid present ; only one form of selenium can exist permanently 
at 200°. It makes no diflerence whether fused selenium he cooled to 200°, or wheiier 
vitreous selenium be rapidly heated to 200°, or again, whether it be allowed to go 
over at any lower temp, and then raised to that point- -the final sp. gr. at 200 
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i? a] wavs tiif* same and lies along sp. gi‘. curve for metallic sHeniiini. Siiuli|rliT 
causes no cliaiige of vol in metallic selenium idthei at ordinary or at 

ones, up to 200". It is not as a rule possible to raise tne temp, of vitreous seleniunt 
above about 110^ vitliout a sudden ciiange into tbe metallic form, but it may 
oceasionaliy, by rapid beating, be brought to 180"^ or above before tbe change takes 
place. When uietallic selenium is kept at ordinary temp, or placed in a batb beaietl 
to 40b 50% or 60%. or any higher temp., below 220', it shows no tendency to so over 
into any other form, 

A- F. Saunders observed that when amorphous selenium is heated with various 
subs tan C‘~"S, the results can be broadly arranged in three groups : (i I Those which have 
little or no action — w’ater, hydroxylamme liydrochluride, hyJrcjxylamme, urea, 
ammonium siilplioeyanate, picric acid, acetanilide, potassium hydroxide, airiuioniuni 
cliloride, and potassium ferroejanide ; (ii) Those which transform it into red mono- 
clinic selenium — e.^. alcohol, benzene, thiophene, toluene, benzonitrile, propyl 
aldehyde, amyl nitrite, ethyl acetate, isobutrac acid, acetophenone, mtrotolueiie, 
bronionitrobenzene, dinitrobenzene (/>?), dimetliylaniline, nitroso-^-napbthol, 
acetone, propylene bromide, ethyl iodide, mono-methyl aniline, chloroform, ijhenyl 
hvdrazine. benzylamine, and diphenylmethane ; and (iii) Those which transform 
it into nietallic selenium — quinoline, aniline, pyridine, benzyl cyanide, benzimido- 
biityl-ester, piperidine, triethylamine, hexamethyleneamine, and p-3-anis- 
aldnxiine. The substances which are most active in bringing about the change to 
the metallic form will be seen to be ring compounds containing nitrogen in the ring ; 
these without exception all show the same behaviour. All the substances which 
cause this change are nitrogen compounds, but not by any means all nitrogen 
compounds are capable of causing the change ; thus, while aniline acts rapidly in 
transforming amorjihous selenium into metallic, both mono- and di-methyl-aniline 
change it into the red crystalline form. This makes it appear as if solubility alone 
is not sufficient to account for the differences in the behaviour of the liquids. 

E.TIare supposed that nietallic selenium really consists of two modifications ; one 
is a non-conductor of electricity, while the other is an electrical conductor. The 
former he called selenium- A, and the latter selenium-B. When the B-form is heated 
above 210“, it is transformed into the A- variety ; and when the A-form is cooled to 
— 40“, it is converted into the B-form. The A-form is stable above 70“, and the 
B-form below 8^. At ordinary temp., the A-form passes slowly into the B-form, 
and this change is accelerated by white or red light, but retarded by blue light. 
G. Briegleb's X-radiograms, however, showed that R. Marc's conducting and 
non-conducting varieties are the same. According to R. Marc, the variety 
produced by heating amorphous selenium forms grey crystals ; it is labile 
and is converted into a more stable form at a rate which, above 170^, can be 
measured by the development of heat. The transition of the labile into the more 
stable form may also be followed by the gradual increase of the electrical con- 
ductivity during the transition. The latter form, however, does not appear to be 
the most stable variety of selenium. When the labile form is quicHy cooled, the 
conductivity rapidly increases until at the ordinary temp, the value is 1000-20D0 
times as great as initially ; on remaining at the ordinary temp., however, this variety 
of selenium decreases steadily in conductivity. The most stable form of selenium 
exists probably between 217° and 160°, when a condition of equilibrium between 
two modifications is attained ; whether those modifications are the forms described 
or two other forms is uncertain. Whilst amorphous selenium in thin layers has a 
red tint, the labile crystalline form is grey with a faint red tint and the more stable 
crystalline form is bluish-grey. Whilst the amorphous form is exceedingly brittle, 
the labile crystalline form is less so and the more stable crystalline form is malleable. 
Traces of impurities in selenium have a great influence in retarding its crystalliza- 
tion. Selenium-A and -B form equilibrium mixtures such that in the dark the 
equilibrium mixture consists almost exclusively of and the equilibrium is dis- 
placed in the direction of B by raising the temp. The transition has been observed 
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inicn>,s(‘(»pK*al!y, 1 h(‘ round granular (uyatals of A first formed at 140^^ chanohigtotl 
]ojig('r crystals of />* wIkui licaietl for some time at !200°. Furtlier, B appears to/* 
racier less soiiil>le iu earboti (lisul])]iide than tlie. other modificatioii. The eqmt 
briuiii mixture at tlie. ordinary Rmip. is sensitive to light, but when heated at 
for som(‘ time (sc tiuit ])r<ietically only B is i)resent) and then rapidly cooled, this is 
no longer tlu^ (\as(^- ; however, -wiieii k(^})t at the ordinary temp., it becomes more 
and inori‘. sensitive as the erpiilibrium becomes displaced in the direction of i 
It is tlieri'fore. consid<‘red that light disjdaees the equilibrium from A to B, as doFs 
risf^ of tern]). Tin' (dTect in ([iiestion is regally photochemical and not due to simul- 
taneous lu'ating, and the s(msitiven<'ss is the same iu dry air, in carbon dioxide and 
ui a vacuum. Owing to tbo very slight tranBp)arcncy of selenium, only an extremelv 
lliin layer is all’eeted ])y liglit, but there is some evidence that the particles thus 
ailectcd diffuse' slowly towards the interior, a fiaish layer being thus exposed 
E. Berger said that a com]>arison of tlu' cdc'ctrical conductivity of selenium—u'de 
infra— quenched from different temp, favours the hypothesis of a compound 
which forms solid soln. wiili botli components. Hence, the f.p. curves and the 

conductivity curves of the two forms are illustrated 
diagrammat.ically in Fig. 5, where the quenching temp. 
ar<‘. inferred to the assiim<id proportions of Se^ and 
H('b, wliicli are supposed to be formed. According to 
11. li. Kruyt, m(itallic selenium which has not been 
lu'ated above has a sp. gr. 1*5 to 4-6, while sublimed 
selenium has a sp. gr. 4*80. The difference is not due 
fo the ])r(‘sence of amorphous selenium. After fusion, 
ami crystalli 2 :ation at 125", the sp. gr. is 4*77 ; the 
vari(ity of sp. gr. 4*80 also acquires a sp. gr. 4*77 at 
1 25", H<‘ncc‘., the case of selenium- A and -B is one of 

dynamic allotropy Bcav— S ej^, where a high temp, 
favours tlie. denser form. The insolation of selenium 
])roduces an increase in vol. showing that illumination 
favours the jmod action of seleniuni-A. The changes 
in electrical conductivity {q.v,) arc ex])lained on the 
assunqition that the two forms yield solid soln. The 
anomalous behaviour of selenium cooled from 200^ is 
attributed to the combined action of light and heat 
altering the equilibrium, and changing the speed at 
which equilibrium is attained . All phases of selenium 
are supposed to contain selenium-A and -B, whilst red, 

' C. Biffi 
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crystalline selenium is labile and may also occur in two modifications, 
did not accept H. K. Kruyt’s conclusions. H. Belaboxi said that the electeical 
resistance of metallic selenium may vary from a few ohms to several million 
ohms, and ho assumes that it consists of two modifications. The a-modification 
has a very high resistance and is prepared by heating selenium at a temp, only 
just above its ni.p. and then allowing it to cool slowly. The specific resistance of 
this modification diminishes at first very rapidly with rise in temp, and then more 
slowly. At 200", the resistance is about 70,000 ohms, and at 218" the substoce 
medts, the melting being accompanied by a sudden rise in resistance.^ -t 
niodihcation has a very small specific resistance^,. It is obtained by maintaining tie 
molten selenium at a temp, near its b.p. for some time and then allowing it to cool 
The ^-modification is not stable at low temp,, and it is readily changed 
a-form by oscillations of its temp, between 15" and 200°. This hypothesis reoaJM 
the suggestion of C. F. Rammclsberg that there arc two modifications 
selenium — one with a sp. gr. 4*5 he called Jeomigea, and the other with a sp.gr. 
hlaUriges. A. P. Saunders, however, could not verify this ; nor was E. Petersen, 
aide to distinguish two forms of metallic selenium. . .. A 

The (dose relationship between sulphur and selenium has naturally stinnua 



SELEXIOi 


to correlate the allotropic forms of these two el-ot-ijts, J. J. 

:o! iforth srlenimr: Trith mionoclinic sulph'jr. lucalhc ohtli rlc-nthic 

-tfoohur. and plastic sulphur, metallic selenium with rhc..h : Irhun n'a'Tic 

-nhdnur with vitreous seleumm. M. Berrhelot coninor- 1 rei o ni/tvmir* c'-hooun: 
Tcitli rhombic sulphur, and amorphous sulphur with heh.um Vvau''‘* of 

^heir hehuvicur towards carbon disulphide and bccau''' sh-.-trolpzina: a:i ao, 
soln. 01 hydrogen selenide, red selenium is deposited on ti.-'* an';'!-, whi'e an a-^. -ohi. 
of selenic acid under similar conditions gives metahic ’ mia lon rathe I? — 
tide suipiiur. E. Mitseherlich cormlated red selmiiuM n rh*. »chic -nl -hnr. nnl 
metallic selenium to nioiiociinic sulphur. E. Eathk'-* co>cUtmt 1 niotuhic -'henrtni 
with rhombic sulphur, amorphous red stheniam with anioruLf’' -ulpLur in-hiible 
in carbon disulphide, and red monoclniic selenium with : onodiLic ^:ih»hur. 
E Petersen suggested that rhombic sulphur corresporch with rnotaHic 
insoluble in carbon disulphide ; monoclinic s'llplmr wwh looxiorlinie seleiiiiirn ; 
amorphous, insoluble sulphur with amorphous, red s«h-:ini!:. ; and plastic suip/liiir 
with vitreous selenium. These guesses are based m superfieial analogies. 
C. F. Eamnielsberg sought to establish a crptstallograidiie relationship between 
W. Muthmann’s monoclinic sulphur-II with tlie a-niouotdinic selenium. By suit- 
ably orienting the crystals he obtained for the axial ratir-.s of the forniLT a :h : c 
=0-99 : 1 : 1-27, and ^=89^ 15', and for the latter, 0*99 ; 1 : and .5=84^ 14h 

A. BettendorfE and G. vom Eath showed that the crystal forms of sulphur and 
selenium as well as those of their compounds are very different. W. Muthniann 
said that the two elements are not isomorphous, but it is possible that a-monoclinic 
selenium is isomorphous with W. Muthmann's IV-sulphur, where the axial ratios 
are respectively a :b : c=l-6349 : 1 : 1*6095, and^=104^ 2', and 1*5925 : 1 : 1*5567, 
and ^=105^ 29'. hlixed crystals with 68*5 per cent, of selenium and 31*5 per cent, 
of sulphur were obtained of this form from carbon disulphide soln. The ^S-mono- 
clinic selenium does not correspond with any of the forms of sulphur, although if the 
axial ratios be alone considered, and those of j8-monoclinic selenium be multiplied 
by two-thirds, then y-sulphur has the axial ratios a :b: c=0*06094 : 1 : 0*70944, 
and ^=88" 13', andjS-monoclinic sulphur 0*0611 : 1 : 0*7658, and ^=86° 56'. llixerl 
crystals with 48 per cent, of selenium and 52 per cent, of sulphur were obtained of 
this form from carbon disulphide soln. W. Muthmann also assumed that metallic 
selenimii may correspond with the so-called Mack sulphur (g.v.). The tendency 
to crystallize in the metallic form increases in the series : S, Se, Te, with increasing 
at. This form of tellurium is the only one known ; with selenium this is the 
stable form at ordinary temp, and above 130° ; and this form with sulphur is vert’ 
difficult to obtain. Y. M. Goldschmidt discussed the crystal structure of selenium. 

According to L. Angel, 2 if vitreous selenium melted at 220° is cooled rapidly 
under press, it is transformed into a new variety, violet-grey in appearance, formed 
of slender crystals, very sensitive photoelectrically, but very unstable. 
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§ 4. The Physical Properties of Selenium 

Tlic colour of selenium lias heen discussed in connection with the allotropie 
states of the element. By circulating a stream of selenium in carbon disulphide. 
S. Lvyro])oulos 1 obtained crystals 2 inni. long which were ruby-red by transinittefl 
light and had a blue metallic lieating by reflected light. A. H. Pfund found th^ 
thin layers, obtained by cathodic spluttering, are greyish-brown in transmitted 
light, and lead-grey in reflected light. According to J. J. Berzelius, the vapour ot 
selenium is a da^rker yellow than chlorine, and paler than sulphur vapour ; it com 
denses in narrow vessels to drops with a metallic lustre ; in wide vessels, to red 
flowers of selenium ; and in air, to a red cloud. W. Grippenberg said that whffl 
selenium is cooled between glass-plates, the surface appears smooth, but it ^ 3io4 
so. There are many small pits due to crystals whose major axis is perpendicular 
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to the plate. Hence an electrode does not make perfect contact with sncli a 
selenium plate. L, P. Sieg found that spluttered films are crystalline. The red 
Ciystals of the nionoelinic form were discussed by E. Mitscherlieh. W. Mnthmann 



Ejg. 6. — Crj^stals of a-monoclinic Selenium. 


found that the crystals of a-monoclinic selenium hare the axial ratios a :h : c 
=1-634:95 : 1 : 1*6095, and p—10i° 2', the measured crystals had the forms illus- 
trated by Fig. 6. The crystals of jS-monoclinic selenium have the axial ratios 


Fig. 7. — Crystals of jB-monoelinie Selenium. 

a:h: c=l'5916 : 1 : T1352, and ^=93° 4'. Those which were measured had the 
forms illustrated by Fig. 7. The trigonal crystals of metallic selenium had the forni 
illustrated by Fig. 8, and G. Hies said that the crystals are isomorphous with 
tellurium. M. K. Slattery found the axial ratios to be o : c 
=1 : 1'14. F. C. Brown obtained crystals of metallic selenium 
in rhombohedral or hexagonal shapes ; other crystals grew in 
clusters of spines or needles which were stiff and tough ; while 
other crystal consisted of flexible plates 0-01 mm. thick. They 
were obtained by distilling selenium at various temp., and under 
various press. The plates were obtained when the temp, was 
low. Gr. PeHini and Gr. Yio, and J. F, Norris and B. Mommers 
discussed the isomorphism of selenium and tellurium com- 
pounds ; J, W. Eetgers, and W. E. Binger, the isomorphism of 
sulphur and selenium ; and the general subject, by E. 0, Schroder. 

A. J. Bradley said that the X-r^Ograms show that the crystals 
of trigonal selenium may be regarded as simple rhombohedral 
structures with interaxial angles of almost 90° in which each q- t ■ f 
atom is slightly displaced towards two of the six adjacent of 

atoms. The resulting structure is a threefold spiral compound taliic Selenium, 
of three interpenetrating simple triangular lattices — vide the 
case with tellurium. M. K. Slattery, however, said that the crystals have a simple, 
triangular lattice with three atoms associated with each point of the lattice. The 
side a of the basal triangle is 4-34 A. ; S. von Olshausen gave a=4-379 A. The 
data were summarized by P. P. Ewald and C. Hermann. M. K. Slattery found 
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t}H3 axial ratios a:c io ho 1 : 1*14 ; and tho calculated density 4-84; S. von 
Olshausen j^ave 4*838. 

The vapour density of siTmiuin was found by H. St. 0. Deville and L. Troost^ 
to 1)(‘ 7’G7 at 860® ; 6*37 at 1040'' : and 5*63 at 1420'® — theoretical value for Se^ 
is 5*5 so that it consists of diatomic nioh'ciiles at about 1400®. H. Biltz gave 5*54 
at 1750® to 1800®. From his investigations of the vaj). density of arsenic selenide 
F. ( t Szarvasy assnnied that some Re.jj-inolecules are present at 900®~950®. fi. von 
\Vart(‘n])erg foimd that the vap. density at 1850® agreed with a mol. wt. of 200° 
and at 2100®, with a mol. wt. of 120 so that there is a perceptible dissociation* 
Seo;F^28c at about 2000°, G. Pnmmu and J. Brockmoller showed that the vap. 
densities agree with th(‘ assumption that up to about 900°, the mols. of selenium 
are chiefly Se^ and 802 with a small proportion of monatomic selenium ; at temp, 
lower than 550°, tli<3 molecules are ])robably Sog. W. Vaubel made observations on 
this subject ; and be calculated from the b.p. of selenium that the molecules of the 
liquid are triatoinic, Scg ; while E. Bcckrnanu calculated from the effect on the 
f.]). of phosphorus that the molecules are octatornic, Seg. E. Beckmann and 
F. Geib found that the effect of selenium on the f.p. of sulphur monochloride agrees 
with the assumption that the molecules of selenium in that solvent are monatomic— 
the soln. is dark red. E. Beckmarm obtained from the f.pn of soln. of selenium in 
iodine, Se to Scg, whereas in dix)henyl and in anthraquinone, the mol. wt.is eq, to 
Seg ; and E, Beckman and 0, Flatzniann, in iodine in the presence of sulphur, as 862* 
F. Olivari from the effect on the f.p. of iodine obtained a mol. wt. Se^o at i°—vide 
u\fra, selenium iodides — owing to the formation of iodides. E. Paterno thought 
F. Olivari's result valueless. B. Hai^slian observed that an iodide is formed, and 
he obtained rather less than the value for 802— 158*4 for the mol. wt. calculated from 
the efh‘ct of selenium on the f.j). and the b.p. of iodine. For E. Beckmann and 

O. Platzmann’s obsiuvations with soln. of selenium in iodine, vide selenium iodide 
— and in siiipliur, vide selenium sulphide. B. Auerbach’s cryoscopic observations 
showed that in pyrosulphuric acid, selenium dissolves as Se-mols. E. Beckmann 
found that in chlorine and bromine, the formation of halides prevents a determina- 
tion of the mol. wt. in these solvents. With soln. of selenium in mercuric chloride, 
F, Olivari’s observation on th<i f.p. agreed with the mol. Scg and Se^ increasing with 
incroavsing cone, to Beg. Observations were also made with mercuric bromide. 
The f.}). of vsoln. in anthraquinone or pdienanthraquinoiie agrees with 803 to 864 for 
dil. soln., and Scg in cone. soln. K. Auerbach found that in soln. of pyrosulphuric 
acid, selenium is present as diatomic molecules, but above 130°, as monatoniic 
molecules — vide mfra, oxysulphates. V. Kistiakowsky studied the moL constitu- 
tion of liquids, and inferred that sedenium is polymerized in the.Iiqirid and gaseous 
states. 

tJ. J, Berzelius ^ gave 4*30 to 4-32 for the specific gravity of vitreous selenium ; 
F. von Schaffgotsch, 4*276 to 4*286 — mean 4*281 at 20° ; C. F. Bammelsberg, 
4*29 to 4*36— mean 4*30 ; P. Boullay, 4*310 ; G. Quincke, 4*20 ; M. Coste, 4*302 
.at 17® ; P. L Cholodny, 4*278 at 0°/4° ; E. Petersen, 4*29 ; and A. P. Saunders, 
4*28. For the so-called red amorphous selenium, E. von Schaffgotsch gave 4*245 
to 4*275— mean 4*259 at 20° ; and for a sample which had been heated under water 
at 50° until it had turned greyish-black, 4*250 to 4*277 — ^mean 4*264. 
C. F. Bammelsberg gave 4*27 to 4*34^mean. 4*30 ; P. I. Cholodny, 4*28 at 0°/4° ; 
B. Bathke, 4*26 to 4*28 ; and A. P. Saunders, 4*26 at 25°. For colloidal selenium. 

P. I. Cholodny gave 4*26 at 0®/4°. For the sp. gr. of red monoclinic seknium, 
E. Mitscheriich gave 4-46 to 4*509 at 15°, and after turning grey at 150°, 4*7, 
0. F. Bammelsberg gave 4*51 ; E. Petersen, 4*46 ; P. I. Cholodny, 4*44 at Oji ; 
and A. P. Saunders, 4*44 to 4*47 at 25°. For metallic selenium ohteined from 
aq. soln. of alkali selenides W. Hittorf gave 4*808 at 15° ; E. Mitscheriich, 4*760 to 
4*788 at 15° ; 0. F. Bammelsberg and A. P. Saunders, 4*8 at 15° ; and E. Petm^ 
4*76 ; and for metallic selenium obtained by heating the vitreous form, F. 
Schaffgotsch gave 4*796 to 4*805 — ^mean 4*801 at 20° ; A. Bettendorn an 
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. 1 . W Uihi-r, -i 71^7 lit wU" : F. Xemiiianii, 4*4:^ : C, F. Ranmi'i^IsberT, 4*5 : F. Petersen. 
4**’’3 : ?. I. L'lioioaiiy. 4*78 at O'/i'' ; B Ratbke srave 4* S'') to 4-':>i ; and 
A. P. Saunders, 4-S at *25 u M. Toepler found the toI. expansisjn on fusion :s <>01 S 
r f . per gram. M. Coste gave 4-302 for tne sp. gr. of sticks of fused selenium at 170 
cnJ alter conveision into tke metallic form. 4*356; but tbe pro^luet contained 
cavities, and after repeated crusiimg and boiling in toluene, tbe sp, gr. was 4*80 : 
and tbe long needles obtained by crystallization on cooling from 23'0" a solii. of 
selenium in a cone. soln. of potassium bydroxide, 4*82. H. E. Kru\u uave 4*80 
for sublimed selenium, and 4*5 to 4*6 for grey crystalline selenium wbich bad not 
been beated above 120'". Botb forms bave a sp. gr. 4*77 after being beated to 125" 
for some time. Tbe specifically lighter variety is selenium- A, and^ tbe specifically 
heavier variety selenium-B, while 4*77 represents tbe sp. gr. of a sample of both 
forms in dynamic eguibbrium Se^^^Seg. W. Spring gave for metallic selenium 
before and after compression at 600 atm. press. : 



0“ 

20“ 

40“ 

C0“ 

sa“ 

100' 

Uncompressed . 

4*7312 

4-7176 

4*7010 

4-6S26 

4*6623 

4*6396 

Compressed . 

4-7994 

4-7S69 

4-7699 

4*7526 

4*7351 

4-7167 


A. P. Saunders gave for tbe best representative values of tbe three forms of selenium : 
4*27 for titreous and amorphous selenium ; 4*47 for red monoclinic selenium ; and 
4*80 for metallic selenium. Tbe corresponding atomic volumes are respectively, 
18*55, 17*72. and 16-50. Some theoretical observations on this subject were made 
by E. Donatb and J. Mayrbofer, C. del Fresno, 1. 1. Saslawsky, and J. A. Grosbans. 
H. Schroder discussed tbe vol. relations of tbe sulphates, selenates, and chromates ; 
and F. Hund, those of the selenium ion. W. L. Bragg calculated for the atomic 
radius T17 A. ; L. S. Ransdell, 1*15 A. ; A. Ferrari, 2*25 A. ; W. F. de Jong and 
H. W. V. Wmerns, 1-13 A. ; E. FT. Gapon, 1*28 A. ; and M. L. Huggins, 2*24 A. 
Y. M. Goldschmidt, L. Pauling, B. T. \^erry, and H. G. Grimm made observa- 
tions on the ionic radius from which it follows that for sexi valent selenium, the 
efiective at. radius is 0*42 A. : for neutral atom.s, 1*13 to 1*17 ; and for bivalent 
negative atoms, 1*91 to 1*98 A. J. Geissler found the ionic voL of Be"' to be 
3*293. J. B- Rydberg ^ gave 2*0 for the liarduess of selenium on Mohs’ scale, 
i!. Schafer gave 6*45 for Poisson’s ratio, that is, the ratio of the lateral contraction 
to the longitudinal extension when stretched longitudinally. L. P. Sieg and 

B. F. bliiler measured the coefi. of rigidity of single crystals of seleniimi and 
found 0*64 X 10^^ dynes per sq. cm. ; and for Young's modulus, 5*8 X 10^^ dynes 
per sq. cm. T. W. Richards gave for the average compressibility at 20° between 
100 and 500 megabars, 0*000012 — vide tellurium. I. A. Balinkin discussed the 
elastic stresses in a plate of selenium. G. Quincke’s measurements show that 
at 217°, the siirfECe tension of selenium is 92*5 dynes per cm., and the specific 
oohmon a2==4*41 sq. mm. 

H. Fizeau ^ found the linear coefi. of thermal expansion of vitreous selenium to 
be 0*043792. W. Spring gave for the cubical coefi. for metallic selenium which 
had been compressed by 600 atm. press., and uncompressed selenium : 

20“ 40“ 60“ 80=* 100“ 

Yxicompressed . . 0*031478 O-O3I635 0*031743 0-0sl857 O-OglOSl 

Compressed . . O-OglSO? O-OglSaO 0*031644 O-OslSOS 0*031951 

This gives for the linear coeff . of metallic selenium 0*044927 at 20° ; 0*045810 at 60° ; 
ind 0*046604 at 100°. H. G. Dorsey gave for vitreous selenium 0*04324 at — 160° ; 
-120°, 0*04335 ; —80°, 0*04369 ; -40°, 0*04404 ; 0*04439 at 0° ; and 0*043792 at 
>0°. W. Grippenberg found that the coeff. of expansion is greatest in the direction 
yi the major axis of the crystals. H. F. Wiebe found that like sulphur, phosphorus, 
md mercury the relation for selenium, when A denotes the 

it. wt. ; D, the sp. gr. ; a, the coefi. of cubical expansion ; the m.p. ; the 
y.-p. ; and c, the sp. ht. 

J. J. Berzelius ® found the thermal coninctivi^ of vitreous selenium, to be small. 
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According to A. C. Schultz- Sellack, soleniiim plates, 0*4 and 3*0 mm. thick, alloi? 
the passage of K^spectively 50 and 16 per cent, of heat when exposed tolampligk 
at 100®, and 36 and 5 per cent, when exposed to the light of a gas-flame. H, T.eL- 
nault observed that nietallic selenium is a hotter thermal conductor than vitrei 
selenium. According to E. D. Sayce, the thermal conductivity of selenium in 
darkness varies over a wide range and is affected by the conditions which influence 
its electrical conductivity, and in th(‘. same direction, b\it in general to a slightei 
extent. The thermal conductivity of vitreous seleniuTu at 25° lies between 0*000293 
and 0*000328. That of metallic selenium at 25° varies from 0*00070 to 0*00183. 
The value for the metallic form incrcas<^d in general with the temp, of preparation 
but diminished with age. The tern]), coefl. is positive. M. Bellati and S. Lus&aua 
and A. Pochettino and G. C. Trabacchi found that the conductivity is increased ty 
illumination. B. Naniiei found that the thermal conductivity of metallic selenium 
is increased by the action of light, but i-o an extent apparently less than is shown "witli 
the electrical conductivity. This dfcct diminishes as the temp, rises. E. E. Martin 
observed that a selenium cell which was not sensitive electrically was also not 
sensitive thermally. The red end of the sp(mtTum is more eflcctivc than the shorter 
wave-lengths. The results show that thermal and electrical conductivities in 
metals largely depend on the same factors, \j. P. Sieg sliowcd that whilst a given 
source of light increased the electrical conductivity nearly 300 per cent., the same 
light did not increase the thermal conductivity in any appreciable manner. Con- 
sidering all possible sources of error, it must certainly have been under five per 
cent. 

H. V. Regnault ^ found th(^ specific heat of selenium, free from sulphur, to be 
0-08349 to 0*08396 — m(‘an 0*(}837l — between 98° and 112° ; and later he gave 
0*1031 for vitreous selenium betw<Hm — 19° and 87° ; between —27° and 8®, 
0-07461 ; and between —20° and 7°, 0*07468. A. Bettendorfl and A WuUner 
observed that the sp. ht. of vitreous selenium, obtained by dropping the 
molten element into cold water, was 0-0953 between 20° and 38° ; 0*1104 
between 22° and 53°; and 0*1147 between 20° and 62°. A. P. Saunders 
attributed these variations to the partial transformation of vitreous into metallic 
selenium ; although H. V, Regnault obtained no change in the thermal capacity 
when vitreous selenium is changed into the metallic form ; and for metallic selenium 
with 2*25 per cent, of tellurium, he gave 0-07616 between 20° and 98°; 0*07323 
between —20° and 7° ; and 0*07446 between —16° and 7°. F. Neumaim gave 
0*0860 for the sp. ht. of metallic selenium ; and A. Bettendorfl and A. ‘Wullner 
obtained 0*095 between 18° and 38°, and 0-113 between 21° and 57° ; while they 
obtained 0*0840 between 22° and 62° for metallic selenium of sp. gr. 4-797 obtained 
by slowly cooling vitreous selenium ; and 0*08399 for metallic selenium obtained 
by the spontaneous decomposition o.f alkali sclenidcs in air. Accordingly, he con- 
cluded that these two forms of selenium are the same. P. Mondain-Monval found the 
mean sp. ht. of metallic selenium to be 0-084 between 15° and 217°, and 0*078 between 
15° and 75° ; of red crystalline selenium, 0-082 between 15° and 75° ; of vitreo® 
selenium, 0-106 between 15° and 100° ; and of liquid selenium, 0*118 between 217^ 
to 300°. J. Dewar gave 0*0271 to 0-0361 for the sp. ht.' of selenium between —Ip 
and -253° ; 0*068 between 18° and - 188° ; and 2*86 and 5-39 for the corresponding 
atomic heats ; A. BettendorfPs and A. Wiillner’s value for the at. ht. is 6*65 for 
metallic selenium between 22° and 62° ; and for vitreous selenium, 7*52 between 18 
and 38°, and 8-95 between 21° and 57°. , . 

The action of heat on the difie-rent forms of selenium has been 
cussed. Vitreous selenium, being an uridercooled liquid, has no definite melting 
point ; it becomes less viscous as the temp, rises. E. Mitscberlich ® said that mon^ 
clinic selenium melts when rapidly heated to 200° ; while A. P. Saunders infe^» 
that the m.p). is between 170° and 180° ; and PI. Coste, at 144°, when heated lapx J 
before it has time to pass to the metallic form. Metallic selenium was J 
W. Hittorf, G. Pellini, and H. N. Draper and R. J- Moss to melt at 217 withoui 
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a preliminary softening : and, added A. P. Saunders, all forms of selenium pasS' into 
the metallic form in the vicinity of 200". H. Coste gave 219" for the m.p. ; 

L. E. Dodd, 217-4'^ ; W. P. Mott, 217" ; and G. Pellini and P. Sacerdoti, 220^. 

E. Berger found the m.p. of selenium to he 220*2". 0-5°- This is supposed to refer 
to a compound of the two allotropes — Pig. 5. This transition temperafasxe has been 
previously discussed. G. Tanimann and W. Jellinghaus discussed the voL changes 
in relation to the temp, and press, of vitreous selenium. C. Zengelis found evidence 
that selenium volatilizes slightly at ordinary temp. E. Berger found that the 
A-fcrni of metallic selenium melts at a lower temp, than the B-form. H. P. Wiebe 
studied the relations between the m.p., h.p., coeff. of expansion, sp. ht-j and at. 
wt. of this family of elements ; and H. Carlsohn showed that the m.p. of selenium 
compounds does not conform to the addition rule. S. Batta observed that sub- 
limation occurs over G. Preuner and J. Brocbmoller found for the vapoiir 

pressure, p mm., 

390= 440= 480= 500= 620= 660= 680= 680= 700= 710= 

i) . . 3*0 11*0 21-0 42-0 313-0 o50*0 700-0 760*0 865-0 970*0 

J. Jannek gave 0*02415 mm. at 200° and 0*03080 nmi. at 230°. L. E. Dodd gave 
0*00084 mm. at 193*6° ; 0*0048 mm. at 215*5° ; 0*0055 mm. at 217*4° ; 0*0059 mm. 
at 219*0° ; 0*0138 mm. at 238*0° ; and he represented the results over this range of 
temp, by an equation of the form where T denotes the absolute temp. 

Por temp, from 193*6° to 215*5°, log 16*692— 7644r-b and from 221*0° to 238-2°, 

log p=10*733-4722r~^. The results do not agree with an equation of the t3rpe 
log p=a+hT'~'^~~-c log T. For the solid at the m.p., dp /dT— 1*050 bars or 
0*000767 mm. per degree, and for the liquid dp/dr=0*573 bar or 0*000431 mm. per 
degree. J. J. Berzebus said that selenium boils below a red-heat, but others 
place the lioilingT point at a higher temp. ; thus, E. Mitscherlich gave 700° ; C. Barns, 
687°-694° ; H. Pelabon, 690° ; W. R. Mott, 688° ; T. CarneHey and W, C. Williams, 
between 676° and 683° ; H. le Chatelier, 638° ; L. Troost, between 664° and 666° 
at 760 mm. ; and G. Preuner and J. Brockmoller gave 700° at 865° mm., 688° at 
760 mm., and 680° at 700 mm. D. Berthelot said that for a press, p mm. of mercury 
in proximity to the normal press., 690°d-^(p— 760)°. A Schuller found that 
selenium is readily sublimed when heated in vacuo ; and F. KraSt and. co-workers 
distilled selenium at 380° in the vacuum of a cathode light ; and at about 310° at 
60 mm. press. E. de Forcrand gave 14*595 Cals, for the heat of vapOlizatloil, 
at the b.p. and 4*595 Cals, per mol. for the heat of fusion. P. Mondain-Monval 
gave 16*4 cals, per gram ; and W. Herz, 13*4 cals, per gram for the heat of fusion. 

J. Tate gave 29*4 cals, per gram at 35° for the heat of vaporization. L. E. Dodd 
calculated 83*9 cals, per gram for the heat of fusion at the m.p. ; 135*5 cals, per gram 
for the heat of vaporization at the m.p. to form diatomic mols. ; and 219-4 cals, per 
gram for the heat of sublimation of the solid at the m.p. G. Preuner and 
J. Brockmoller calculated that the heat of di^odation : Seg-“>3Se2”55*96 Cals. 
P. M. Monval found the heat of transformation of vitreous to metallic selenium to be 
13-5 cal. per gram at 130° ; it increases with rise of temp, and at the m.p., 217°$ 
it becomes identical witb the latent heat of fusion 16-4 cals, per gram. The heat 
of transformation of red crystalline selenium to metallic selenium is 2*2 cals, per 
gram at 150° ; and of vitreous to liquid selenium, 16*4 cals, per gram. E. Kordes 
calculated Q caIs./T~8*6 for the entropy of metaHic selenium and 8-6 for 864. 
G. hr. Lewis* and co-workers gave 15*6 for the entropy of selenium at 25° : and 
B. Bruzs, 18*9 for the entropy at the m.p. W. Herz studied the subject. 

W. S. Gripenberg ^ found that the refractive index of crystalline selenium is 
3*5 for sodium light — a value higher than that of any other element. Amorphous 
selenium has a refractive index from 1-16 to 1*27 times less than that of the crystal- 
line element. J. L. Sirks found the index of refraction of selenium for the A-line to 
be 2-654 ; for the a-line, 2*692 ; for the B-line, 2*730 ; for the G-line, 2*787 ; for 
the c-line, 2*857 ; and for the D-line, 2*98 ; and A. C. Becquerel gave 2*6550 for the 
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According to A, C. Scliultz-Sellack, selenium plates, 0-4 and 3-0 mm. thick, allow 
the passage of respectively 50 and 1 6 per cent, of heat when exposed to lampliglit 
at lOO'^, and 36 and 5 per cent, when exposed to the light of a gas-flame. H. V. Eeg- 
nanlt observed that metallic selenium is a better thermal conductor than vitrei 
selenium. According to E. D. Sayce, the thermal conductivity of selenimn in 
darkness varies over a wide range and is affected by the conditions which influence 
its electrical conductivity, and in the same direction, but in general to a slighter 
extent. The thermal conductivity of vitreous selenium at 25° lies between 0-000293 
and 0*000328. That of metallic selenium at 25° varies from 0*00070 to 0*00183. 
The value for the metallic form increased in general with the temp, of preparation, 
but diminished with age. The temp, coeff. is positive. M. Bellati and S. Lussana* 
and A. Pochettino and G. C. Trabacchi found that the conductivity is increased by 
illumination. B. Nannei found that the thermal conductivity of metallic selenium 
is increased by the action of light, but to an extent apparently less than is shown with 
the electrical conductivity. This effect diminishes as the temp, rises. R. E. Martin 
observed that a selenium cell which was not sensitive electrically was also not 
sensitive thermally. The red end of the spectrum is more effective than the shorter 
wave-lengths. The results show that thermal and electrical conductivities in 
metals largely depend on the same factors. L. P. Sieg showed that whilst a given 
source of light increased the electrical conductivity nearly 300 per cent., the same 
light did not increase the thermal conductivity in any appreciable manner. Con- 
sidering all possible sources of error, it must certainly have been under five per 
cent. 

H. V. Regnault ^ found the specific heat of selenium, free from sulphur, to he 
0*08349 to 0*08396 — mean 0*08371 — between 98° and 112° ; and later he gave 
0*1031 for vitreoxis selenium between —19° and 87° ; between —27° and 8°, 
0*07461 ; and between —20° and 7°, 0*07468. A. Bettendorff and A Wiillnei 
observed that the sp. ht. of vitreous selenium, obtained by dropping the 
molten element into cold water, was 0*0953 between 20° and 38° ; 0*1104 
between 22° and 53°; and 0*1147 between 20° and 62°. A. P. Saunders 
attributed these variations to the partial transformation of vitreous into metallic 
selenium ; although H. V. Regnault obtained no change in the thermal capacity 
when vitreous selenium is changed into the metallic form ; and for metallic selenium 
with 2*25 per cent, of tellurium, he gave 0*07616 between 20° and 98° ; 0*07323 
between — 20° and 7° ; and 0*07446 between — 16° and 7°. E. Neumann gave 
0*0860 for the sp. ht. of metallic selenium ; and A. Bettendorff and A. Wlillner 
obtained 0*095 between 18° and 38°, and 0*113 between 21° and 57° ; while they 
obtained 0*0840 between 22° and 62° for metallic selenium of sp. gr. 4*797 obtained 
by slowly cooling vitreous selenium ; and 0*08399 for metallic selenium obtained 
by the spontaneous decomposition of alkali sclenides in air. Accordingly, he con- 
cluded that these two forms of selenium ar^ the same . P. Mondain-Monval found the 
mean sp. ht. of metallic selenium to be 0*084 between 15° and 217°, and 0*078 between 
15° and 75° ; of red crystalline seleninm, 0*082 between 15° and 75° ; of vitreous 
selenium, 0*106 between 15° and 100° ; and of liquid selenium, 0*118 between 217° 
to 300°. J. Dewar gave 0*0271 to 0*0361 for the sp. ht.'of selenium between —196 
and --253° ; 0*068 between 18° and —188° ; and 2*86 and 5*39 for the corresponding 
atomic heats ; A. Bettendorff's and A. Wiillnerks value for the at. ht. is 6*65 for 
metallic selenium between 22° and 62° ; and for vitreous selenium, 7*52 between 18 
and 38°, and 8*95 between 21° and 57°. 

The action of heat on the different forms of selenium has heen 
cussed. Vitreous selenium, being an undercooled liquid, has no definite mdtw 
point ; it becomes less viscous as the temp, rises. E. Mitscherlich ® said that 
clinic selenium melts when rapidly heated to 200° ; while A. P. Saunders infers 
that the m.p. is between 170° and 180° ; a'nd H. Coste, at 144°, when heated rapimj 
before it has time to pass to the metallic form. Metallic selenium was found bj 
W. Hittorf, G. Fellini, and H. N. Draper and R. J. Moss to melt at 217° without 
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a preliminary softening : and. added A, P, Saunders, all forms of selenium pass into 
the metallic form in tiie iricinity of 200"". H. Coste gave 219“ for tte m.p. ; 

L. E. Dodd, 217*4° ; W. R. Mott, 217° ; and O. Peliini and R. Sacerdoti, 220°. 

E. Berger found tlie m.p. of selenium to be 220*2°, 0*5°. TMs is supposed to refer 
to a compound of tbe two aliotropes — ^Eig. 5. This transitioil temperature has been 
previously discussed. G. Tammann and W. Jeilinghaus discussed the vol. changes 
in relation to the temp, and press, of vifcreoiis selenium. C. Zengelis found evidence 
that selenium volatilizes slightly at ordinary temp. E. Berger found that the 
A-fcrm of metallic selenium melts at a lower temp, than the B-form. H. P. Wiebe 
studied the relations between the m.p., b.p., coefi. of expansion, sp. ht., and at. 
wt. of this family of elements ; and H. Carlsohn showed that the m.p. of selenium 
compounds does not conform to the addition rule. S. Datta observed that sub- 
limation occurs over 170°. G. Preuner and J. Brockmoller found for the vapour 
pressure, p mm., 

390° 440° 480° 500° 620° 660° 6S0° 080° 700° 710° 

p . .3*0 11-0 21*0 42-0 313-0 550-0 700-0 760-0 865-0 970-0 

J. Jannek gave 0-02415 mm. at 200° and 0*03080 mm. at 230°. L. B. Dodd gave 
0*00084 mm. at 193-6° ; 0*0048 mm. at 215*5° ; 0*0055 mm. at 217-4° ; 0-0059 mm. 
at 219*0° ; 0*0138 mm. at 238*0° ; and he represented the results over this range of 
temp, by an equation of the form p=cbe^^^, where T denotes the absolute temp. 
For temp, from 193*6° to 215*5°, logp=16*692 — 76442’'^, and from 221-0° to 238*2°, 
log j}=10*733-4722T~^. The results do not agree with an equation of the type 
log p=a-^hT^'^ — c log T. For the solid at the m.p., dp /dT=l‘050 bam or 
0*000767 mm. per degree, and for the liquid dpjdT=^0'hlZ bar or 0*000431 mm. per 
degree. J. J. Berzelius said that selenium boils below a red-heat, but others 
place the boiling point at a higher temp. ; thus, E. Mitscherlich gave 700° ; C. Bams, 
687°-694° ; H. Pelabon, 690° ; W. E. Mott, 688° : T. CarneUey and W. C. Wiliams, 
between 676° and 683° ; H. le Chatelier, 638° ; L. Troost, between 664° and 666° 
at 760 mm. ; and G. Premier and J. Brockmoller gave 700° at 865° mm., 688° at 
760 mm., and 680° at 700 mm. D. Berthelot said that for a press, p mm. of mercury 
in proximity to the normal press., 690°-f-7o(p — 760)°. A Schuler found that 
selenium is readily sublimed when heated in vacuo ; and F. Enafft and co-workers 
distiled selenium at 380° in the vacuum of a cathode Ight ; and at about 310° at 
60 mm. press. E. de Forcrand gave 14*595 Cals, for the beat of ra^llmtion, 
at the b.p. and 4*595 Cals, per mol. for the beat of fusion. P. Mondain-Monval 
gave 16*4 cals, per gram ; and W. Herz, 13-4 cals, per gram for the heat of fusion. 

J. Tate gave 29*4 cals, per gram at 35° for the heat of vaporization. L. E. Dodd 
calculated 83-9 cals, per gram for the heat of fusion at the m.p. ; 135*5 cals, per gram 
for the heat of vaporization at the m.p. to form diatomic mols. ; and 219*4 cals, per 
gram for the beat of sublimation of the sold at the m.p. G. Preuner and 
J. Brockmoller calculated that the beat of dissociation : Se6'->3Be2~55*96 Cals. 
P. M. Monval found the beat of transformation of vitreous to metalMc selenium to be 
13-5 cal. per gram at 130° ; it increases with rise of temp, and at the m.p., 217°, 
it becomes identical with the latent heat of fusion 16*4 cals, per gram. The heat 
of transformation of red crystalline selenium to metallc selenium is 2*2 cals, per 
gram at 150° ; and of vitreous to liquid selenium, 16*4 cals, per gram, E. Kordcs 
calculated Q cals./T=8*6 for the entropy of metallic selenium and 8*6 for 804. 
G. EF. Lewis* and co-workers gave 15*6 for the entropy of selenium at 25° ; and 
B. Bxuzs, 18*9 for the entropy at the m.p. W. Heiz studied the subject. 

W. S. Gripenberg ^ found that the refractive index of crystallne selenium is 
3*5 for sodium light — a value higher than that of any other element. Amorphous 
selenium has a refractive index from 1*16 to 1*27 times less than that of the crystal- 
line element. J. L. Sirks found the index of refraction of selenium for the AL-line to 
he 2*654 ; for the a-line, 2*692 ; for the E-line, 2*730 ; for the G-line, 2*787 ; for 
the c-line, 2*857 ; and for the D-line, 2*98 ; and A, 0. Becquerel gave 2*6550 for the 



71G 


INORGANIC AND THEORETICAL CHEMISTRY 


/Lliiie. S. Kyropoulos gave for red, crystalline seioninm, 2*8 parallel to the chief 
axis, and 2-3 porporidicular to that axis. Observations were also made by W Meiei 
K. Forsterling and V. Freedcricksz, A. IL Rfund, E. 0. Hnlburt, C H SkinriPT 
R. F. Miller, and L. P. Sieg. R. W. Wood— mWe wfra—iound a maximnm in the 
/xA-coiirsc wlnm p. is S-13. The liglit of an arc-lamp was reflected successively from 
six surfaces of s(denium, and the image of the crater after the sixth reflection 
although faint, was without colour or excess of ultra-violet light. P. M. Nicolnav/ 


A 6470-4170 5890 5890 8100-21900 4400-4800 

Kofraetive index . . 2-37-3-36 2*75-3*00 3-02-2*59 2-74-3.04. 

Extinction eoel't . . 0-45-0*90 0*77-1-07 1-18-0-90 1*05-1-27 


Rough measures on the near ultra-red gave for tlie index of refraction 2*6, and an 
extinction coeff, <0*1. There was no indication of any relation between the optical 
])roperties and the temp, of the transformation to the conducting A form, nor was 
there any variation with the duration of tiie exposure to liglit, or with the age of 
the specimen, A. Krehs measured the index of refraction in the ultra-red; and 
H. W. Edwards, the index for X-rays. The reflecting power of selenium is shown 
by the dotted line, Fig. 10. Tliere is no marked change in the reflecting power 
between A—dOO/x/x to 1000/xft, and at there is a small maximum. These 

results are in agreement with those of P, Cf. Nutting who found a maximum at 
590/>6f6 to QOO/JLp,, and a slow droj) in the reflecting power in the violet, and a rapid fall 
in the ultra-violet. K, Forstcrling and V. Frdedericksz observed that the reflecting 
power is constant between 289/>6/x and 240/xjU, hut variable with light of greater 
wave-lengths. W. W. Coblentz found reflecting power in the ultra-red to be 18*20 
]jcr cent. R. W. Wood found for the reflecting power, R ; the index of refraction, 
/X ; and the extinction coefficient, Jc, for light of wave-length A. 


A 

h 

R 


0 * 400 ^ 

2-94 

2-31 

44 


0*490^ 

3*12 

1*49 

35 


0*589^ 

2*93 

0*45 

26 


0-760/^ 

2-60 

0-06 

20 per cent. 


The reflecting power was also studied by L. P. Bieg ; tb(‘ optical constants hj 
L. D. Weld. A, C. Schultz-Sellack said the diatherma<5y of selenium is such that 
a plate 3 min. thick cuts off 13 per cent, of the heat rays emitted by lampblack 
at 100° ; and 5 per cent, of the heat rays from a coal-gas flame. 0. Cuthbertson 
and E. P. Metcalfe found the index of refraction of the vapour to he 1*001570 for 
A=546-0jn/x ; 1*001565 for A-589*34r/x ; and 1*002370 for A=6r)6*3g.^. W. S. Gripen- 
berg found 3*50 for the index of refraction of crystalline selenium at A=58%i 
(orange-yellow). According to K. F. Miller, when ])lane polarized light is reflect^ 
from the surface of an absorbing mc'dium it becomes in general ellipitically polarized, 
and if the form of the elliptical vibration is determined for some angle of incidence, 
the optical constants of the medium may be calculated. With the crystal axis 
parallel to the flame of incidence, the index of refraction is 3*4 to 4*4, and when 
perpendicular thereto, 2*3 to 3*1. B. Schmidt found the ‘degree of polarization, 
7T, as a function of the angle of incidence, if/, has a maximum at about »/r=70A 

ip . 20° 30° 40° 60° 70° 80° 86° 

TT . . . 0*070 0*196 0*363 0*824 0*980 0*986 0-505 

R, W. Wood found that a prism of seltmium has followijig values for the index 
of refraction, fi, the ahsorpflion index, k, and the percentage reflecting power, M. 
for light of wave-length A. 


A 


& 


0-400^ 

2-94 

2*31 

44 


0*490ju 

3-12 

1*49 

36 


0*589m 

2*93 

0*45 

25 


0*760/^ 

2*60 

0-06 

20 


J. L. Sirks found the dispersion of the A- to the O-rays to be 6*5 times as great as 
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wittL carbon ^li.-ulpniib , and 14 times as gn^at. I. Zonpi-lldri foiuitl tlie 

atomic refractioa of iu varioiis conino^niils fur tLo 11 ^'. 

:Le D-liri*‘S. Tlie results for tke first and last of tlio series are summarized in 
Table I. Tile values for selenoxeiie are calculate 1 on tbe assure ption that its 
form ala is 


CH : qCHg) 
CH : CXCH 3 ) 


>Se 


The results are taken to sho%T that seleniinu in combination behaves very similarly 
to sulphur in rebpect to its refraction constants ; the diversity in behaviour of 
seleiiiiiin in its various eompoimds is, however, much less strongly niarkesl than is 
that of sulphur. C. P. Smyth studied this subject, and J. E. Calthrop, the relation 

Table I. — Atomic Refraction of Selenutm, 


^ci-bne. 




ft-formula. At.--fQniiula. ■ fi-iMira^Ua. /x'-f-jiiiiuJa, 


Se (element) . . . . 

Se(G,Hd> 

Se^CCTHgla . . . . 

Seienoxene . . . . 

H.,Se 04 41*8112 per cent. aq. soln. 

27*3340 
HnSeOs 22*4711 
„ 30*5930 

KSeCy 32*7722 
„ 43-5497 


30-36 

11-77 

— 

— 

19-70 

10-93 

19-56 

10-04 

21*45 

11-73 

21-57 

11-32 

18*81 

iU*94 

19*33 

IMS 

15*85 

8-87 

16*25 

9-22 

15*64 

8-74 

15-85 

9-00 

15*67 

8-92 

15-95 

9-12 

15*90 

9-91 

16-09 

9-19 

25*49 

15-34 

25-79 

15-30 

25-00 

14-84 

25-30 ; 

15-04 


between the at. voL and the index of refraction. K. Spangenberg studied the mol. 
refraction of the oxides, sulphides, selenides and tellurides. A. C Becquerel ga'\’e 
10*960 for the magnetic rotatory power of selenium for the B-line : and if 
/i— 2-6550, u= 10 - 960 ^'- 2 (^ 2 _ij- 1=:0*255. M. A. Schirinann studied the polariza- 
tion of light by submicroscopic particles of selenium. 

As shown by C. E. Fresenius,ic and others, selenium imparts a pale blue colora- 
tion to the flame of hydrogen ; and E. Bunsen observed that selenimn and its com- 
pounds impart a cornflower blue colour to Bunsen's flame. A piece of cold porce- 
lain in the reducing flame acquires a brick-red deposit, and in the oxidizing flame 
a white deposit. J. Pliicker in 1861 made some observations on the spectruni of 
hydrogen selenide ; J. Pliicker and J. W. Bdttoif and others proved that selenium 
!nay show a line spectrum or a baud spectrum. When the vapour of selenium, 
boiling in a vacuum tube, is exposed to the jar-discharge, it furnishes a line spectrum. 
If an ordinary discharge be passed through a vacuum tube, in which selenium is 
boiling, it furnishes a band spectrum. The band spectrum was obtained by G. Salet, 
E. Bottger, A. Mitscherlich, and G. Werther from the flame of burning seleniam ; 
and, according to E. Mulder, it can be obtained from the metalloid heated in a 
hydrogen flame. Sulphur under similar conditions gives a continuous spectrum, 
and, added E. Mulder, the spectrum of seleniam becomes continuous when the 
vapour density is increased. The spark sp^ctrom of selenium was studied by 
A. Ditto, R. Capron, A. S. Eao, G. Ciamician, J. Parry, E. Demar^ay, G. Salet, 
A. de Gramont, C. Eunge and F. Paschen, F. Exner and E. Haschek, R. Thalto, 
G. Berndt, L. and E. Bloch, A, Hagenbach and H. Konen, J. Messerschmitt, 
E. Goldstein, etc. The line spectrum produced by sparking from a jar discharge? 
in a hot vacuum tube has lines at 6055 in the orange ; at 5306. 5272, 5254, 5226, 
5174, 5142, 5097, 5093, 4996, and 4979 in the green; and at 4845, 4841, 4761, 
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4648, and 4604 in tke Hue. Tiie arc spectrum of selenium was studied by J. Stark 
and R. Kiicb, M. A. Catalan, M. Kimura, J. C. McLennan and co-workers, and 
J. Messerscbmitt ; and the flame spectrum by P. Bottger, Gr. Werther, A. Mitscher- 
lich, E. Mulder, Gr. Salet, W. N. Hartley, P. Lenaxd, J. Messerscbmitt, and J. M. Eder 
and E. Valenta. The bands are sharp on the violet side, shade ofi towards the red 
side of the spectrum. The bands are at 5871 in the orange-yellow ; 5751 in the 
yellow ; 6621, 5491, 5371, 5271, 5166, 5031, and 4951 in the green ; and 4851 
in the blue. D. Gernez observed the band spectrum of selenium is obtained as 
an absorption spectrum. At 700°, the vapour of selenium absorbs all the light 
with the exception of the red, but if the temp, is raised, the tint of the vapour 
brightens, and the different regions of the spectrum reappear furrowed with groups 
of black bands in the blue and violet. The absorption spectrum was studied 
by J, N. Lockyer, E. W. "Wood, B. Eosen, J. J. Bobbie and J. J. Fox, 
E. Mecke, T. P. Bale, F. F. Martens, P. Lenard, and W. W. Coblentz! 
M. Luckiesh studied the transmission spectrum of glasses coloured yellow to deep 
red by selenium, Fig. 9. According to F. van Assche, a thin layer of selenium, 
obtained by compressing a drop of the fused substance between plates of glass 
at 250°, and allowing it to cool slowly under press., only transmits the rays 
between the spectral lines A and C. The amount of absorption increases with the 
thickness of the layer. When a beam of white light is passed first through a soln. 
of alum and then through a film of selenium, all the luminous rays are arrested. 
A thin film of selenium if heated to 250° is apparently opaque to all luminous radia- 
tion. A. H. Pfund determined the absorption power of crystalline selenium for 
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Fig. 9. — Spectral Transmission oi 
Selenium-coloTired Glass. 



Fig. 10. — ^The Absorption and Hedecting 
Power of Selenium for Light. 


light of wave-length 400/qu to lOOO/ip,, and Ms results are summarized in Fig. 10, 
and show that the absorption increases steadily from the ultra-red to the violet. 
There is no marked maximum or minimum in the absorption curve near 700^/r where 
the conductivity of selenium is a maximum. G. Briegleb found that the absorption 
spectrum of soln. in carbon disulphide indicates that there is a change in the mole- 
cular structure of selenium in dil and cone. soln. The following values were 
obtained for the value of the logarithm of the mol. extinction coeff., log for wave- 
lengths, A in /x/x : 


Mols per litre. 




Wave-lengths in 





422 

434 

447 

471-3 

53-5x10-* 



2-13 

2*11 

1-89 

1-67 

37-25x10-* 



2*22 

2*11 

2-01 

— 

15-5x10-* 



2*27 

2-lC 



— 

0-91x10-* 



2-29 

2-179 

2*088 

1-81 

0-55x10-* 

, 


2*45 

2-346 

— 

2*03 

0-462x10-* 

. 

. 

2*45 

2*4 

2*30 

— 


A. Cornu found that the absorption in the ultra-violet increases with increasing 
wave-length. Observations were also made by W. Meier. W. W. Coblentz found 
that with a film of selenium 2 days old there is a transmission of about 20 per cent, 
throughout the ultra-red spectrum down to 14jLx, whereas with a fresh film the 
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transmission rose to 80 per cent, for ID/i. Like tie metals, seleniiim is inori-* opaq_iie 
tLaii snlplmr, and unlike the non-metals ii skoFsno selective absorption. 

J. N. Lockyer and W. C. Eoberts-lusteni observed that in the oxvliydrogen 
dame, seieninm furnishes 2 i channelled specCrmn ; and J. Everslied, that a continuous 
eiiiission spectrum can he obtained from heated selenium vapour. E. Paterno 
and A. Mazzucchelli also studied the spectr'sm from selenium in heated vessels. 
The ultra-violet spectmin was studied by G. B ein<lt, J. C. McLennan and co- workers, 
P. Exner and E. Hascbek, P. Lacronte, and J. M. Eder and E. Valenta. The 
efect of temperature was studied hy G-. Cisnieian ; the eSect of pressure, by 
G-. Ciamician ; the effect of a rndg^net^c by’- J. Pliicker, G-. Berndt, and 

J. Chautard ; the self induction, by A. de Grraniont ; and the eiJianced lines, by 
F. E. BaxandalL The spectrum of the cathode lununescence was studied by P. Lewis ; 
the resonance spectnim, by B. Rosen, who gave y=a~397*5?i-rl‘32?i2, where a 
is 271:23 for the exciting mercury line 4016. B. Schmidt also observed the series 
A~i=22312— 362/?2.-l-l*3m^ in the resonance spectrum. W. Steubing found that 
a magnetic field had no effect on the resonance arud ffuorescence spectra. V. Ehren- 
feucht also studied the subject. 

The compound line spectrum of seleniom generally resembles the corresponding 
spectrum of sulphur. A. Fowler said thait in tlia diffuse series of triplets, many of 
the brighter components are accompanied by^ fainter lines or satellites. The first 
line of a triplet appears to have a satellit-e on the more refrangible side, while the 
second has a satellite on the less refrangible side ; and the third line in three of the 
triplets has a satellite nearly the same brigktiaess as itself. The regularities in the 
series spectrum of sulphur have been discussed by A. Fowler, W. M. Hicks, 
J. C. McLennan and co-workers, G. CiamicianL, R.. A. Sawyer and C. J. Humphreys, 

C. Runge and F. Paschen, H. H. Russell, IB. DTin- 2 , D. K. Bhattacharjya, P. Patta- 
bhiramayya and A. S. Rao, T. L. de Bruin, and M. A. Catalan. 

The high frequency spectrum, or the X-ray Spectrum, in the ii-series has been 
studied by W. Duane and K. F. B. Walter, L. H. Martin, J. Schror, A. Leide, 
G. L. Pearson, W. Bothe and H. Franz, E. Edleu, B. C. Muherjee-and B. B. Ray, 
S. Bjorck, and M. Siegbahn and E. Fremaan, and they gave for a^p!, 1*109 ; 
for a, a, M04 ; and for /?, j?, 0*993. For the X-series, E. Hjalmar/A. Leide, 

D. Coster, E. Thoroeus, J. Schror^ W. Botle and H. Franz, W. Bothe, 

B. C. Muherjee and B. B. Ray, S. Bjorck, Cr. L. Pearson, and D. Coster and 

F. P. Mulder gave a, a, 8*9706 ; 8*9386 ; and for jS, 8*7172, etc. ; S. Bjorck, 

D. Coster and F. P. Mulder, studied the Jf-aerks ; and S. Bjorck, the A-series. 

C. T. Chu studied the soft X-rays from seleiiiTim ; H. W. Edwards, the reffection 
of X-rays. 

X. Piltschikoff 12 studied the Moser rays emitted by selenium. F. Diestelmeier, 
and W. Steubing, found that oxygen and. tb<e vapours of sulphur, selenium, and 
tellurium exhibit fluorescence, and that the fluorescence moves from regions of short 
-wave-length to regions of longer wave-length -with increase of atomic weight. For 
oxygen, fluorescence is exhibited below A200(> i. ; for sulphur, between A2500 A. 
andA3200 A. ; for selenium, fromA3000 A. iatotke -visible region, and for tellurium 
in the most refrangible part of the visible resgion. The fluorescence spectra ar(3 
discontinuous, and show more or less feeble groups of lines -which have the 
appearance of bands. The fluorescence is giea^tly weakened by mixing the vapours 
with other gases or vapours. The fluorescences is only observable when the vapours 
are of low density compared with that of thesaij, vjapours, and the influence of temp, 
on the intensity of the eflect would seem tio sBow that centres of emission are the 
diatomic molecules. The phenomenon is very sensitive to foreign substances, and 
no fluorescence is observed in the presence of sia©ll quantities of impurities. The 
fluorescence spectra consist of bands -w^hich are siaded off towards the red end of the 
spectrum. As the atomic weight increases^ thes “ centre of gravity ’’ of the exciting 
light shifts from the ultra-violet into the visibLe region. In each case, chai^g^^s are 
foiuid to occur in tlie fluorescence spectrium the nature of the exciting 
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ohangecl. H, Koiieii discussed this subject. R. Robl observed no finorescecce 
occurs with selenium in ultra-violet light-. J. C. McLennan and co-workers, the 
fluorescence of selenium vapour. B. Rosen studied the fluorescence spectmm ‘ 
and W. Kessel, the resonance spectrum. 

F. Ehrenheft showed that while sulphur particles move in a direction opposite 
to that of the heam of light — negative photophoresis — selenium particles, under 
some conditions,' dependent on the duration of heating in the preparation of tte 
selenium, have a positive photophoresis for they move in the direction of the heam 
of light; but I. Parankiweicz showed that with particles of selenium 8x10"® to 
60xl0“6 cm. in diameter, the negative photophoresis is nearly 6 times as great as 
the force of the same light beam on sulphur particles of the same mobility. The 
negative photophoresis is a maximum with particles of radius 15 x cm. The 
negative photophoresis is independent of time, but the positive photophoresis is a 
function of time and is independent of the surrounding gas and of the press. The 
power of reaction of positive selenium on light decreases with time. The independ- 
ence of the photoplioxic force on the press., the chemical nature of the surrounding 
gas, the decrease of the positive reaction of selenium particles which is due to an 
internal change of the selenium, and, farther, the fact that particles of diflerent 
materials, hut of the same mobility, are very differently acted on by light, all tend to 
confirm the conclusion of F. Ehrenhaft that the action is a direct one of the light on 
the material. M. Hake, and J. Mattauch studied this subject. The mass absorption 
coeflicient, A/D, for the X-rays when Iq is the intensity of the beam of homogeneous 
radiation, the intensity / at a depth x is I^IqB and D is the density given by 
C. G. Barkla and C. A. Sadler for a selenium radiator, is 

C Mo AI Fe Ni Cii Za Ag Sn Pi Au 

a/D . 2-0 16 19 116 141 150 175 88 112 93 100 

The coefl. of absorption p, for ^-rays was found by J. A. Cro-wther to be for selenium, 
p/D=8‘65. H. Muller observed that exposing selenium to intense a-rays had no 
effect on the induced radioactivity ; and W. G. Guy could detect no evidence of 
radioactivity. J. E. Wagstaff gave 4-06 x 10^2 for the vibration freanency ; W. Herz 
gave 2*74x1012. A. D. Udden found the ionization potential of the vapour to be 
12*7 volts ; G. Piccardi gave 9*02 volts. E. Rupp studied the>bsorption of elec- 
trons by selenium. 

P. A. von Bonsdorff found that selenium becomes electrified when it is rubbed 
in dry air ; and P. E. Shaw and C. S. Jex said that the triboelectricity is negative 
when selenium is rubbed with glass. J. J. Berzelius, and P. Riess said that the 
electrical conductivity of selenium — ^probably the vitreous form — is so small that it 
is a nonconductor of electricity ; and G. J. Knox found that molten selenium is a 
conductor. J. W. Hittorf showed that the vitreous form of selenium is a good 
insulator, while the metallic form is a conductor ; the conductivity increases with 
a rise of temp, until the m.p. is reached, when the resistance then suddenly increases, 
P. von Schrott found that red crystalline selenium, like the red amorphous powder, 
is a non-conductor of electricity. K. F. Herzfeld, and A. Gunther-Schulze discussed 
the metallic conductivity of selenium. The sp. electrical resistance of grey metallic 
selenium varies with the history of the preparation — temp,, direction of heating, 
rate of cooling, the purity and dryness of the materials — as well as on the nature 
of the electrodes. Hence, there are some discrepancies in the published data, 
E. W. von Siemens gave for the sp. resistance, 376,000 ohms ; F. Weidert, 

239.000 ohms ; and P. von Schrott, 252,000 ohms for a sample obtained by heating 
vitreous selenium 5 hrs. at 195^^, and 2 hrs. at 210'^-"215°, while if crystallized by long 
standing in quinoline, powdered and pressed into cylinders the resistance was 
6*8 X 10^ ohms. If powdered selenium be compressed into cylinders, the resistence 
is always greater than when massive selenium is used. 0. Ries said that ordin^y 
selenium used in making cells has a resistance of 10,000 to 100,000 ohms, and that 

50.000 ohms may he taken as the best representative value. S. Datta represented the 
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resistance, i?j at difierent temp., by i^X 10^^=63*01— 0-86 —0*0029^. H.Pekbon 
crare log i?= 8*506— 0*0095^ olims between 390' and 600^ ; at 30}^, tlie resistance 
decreases suddenly to a minimimi, it then rises to a ma xim um and then diminislies. 
Thereafter, the resistance depends on the treatment. He attributed the enormous 
rariations in the resistivity of grey selenium with heat treatment to the presence 
of variable proportions of a variety a-selenium which is very resistive, and S-selenitma 
which is very conductive. The sp. resistance of selenimn cooled slowly from the 
molten state is several millions of ohms, at 15", and it contains a high proportion 
tii a-selenium. If the selenium, heated to near its h.p., is allowed to cool, it contains 
d-selenium, and its resistance is only a few ohms. Warming a-seleninni causes a 
rapid decrease in resistance until at 200"^ it is 7x10^ ohms.: fusion at 21S^ 
is attended by a sharp increase in the resistance. 

R, Marc's A- or metallic selenium is a non-conductor and the S-form is a con- 
ductor. If amorphous selenium be heated from room temp, to about 60", there is no 
sign of electrical conductivity ; at about 60" the selenium acquires a small con- 
ductivity, and this increases with rise of temp, hut it is still small at 90°. If the 
specimen he now cooled to ordinary temp, it is as before a non-conductor. If heated 
above 90°, the selenium becomes grey, and its conductivity is greater than before, and 
it remains a conductor when cooled to ordinary temp. If the temp, is raised to 125°, 
the conductivity is much greater and it increases rapidly to a maximum at the m.p., 
217°. Between 217° and 250°, the conductivity rises slowly with rise of temp. 
Selenium which has not been heated above 100°-170° has a marked electrical 


resistance at ordinary temp., and, like carbon, the temp, coeff. of the resistance is 
negative for the resistance decreases with rise of temp. The small conductivity of 
the M-form of metallic selenium was attributed by R, Marc to the presence of a trace 
of selenium dioxide. M. Coste, P. von Schrott, E. Marc, A. Pochettino and 
G. C, Trabacchi, etc., also studied this subject. 

When selenium is heated up to 180°-200° it shows a rapid increase of 
conductivity with temjperaiwre ; and if the temp, be kept constant for a long time, 
the conductivity rises slowly to a maximum. The higher the constant temp., 
the more rapidly is this maximum attained ; thus, it requires 12-24 hrs. at 210°, 
and 3 days at 180°. If selenium which has attained its maximum conductivity at 
a temp, exceeding 200° be rapidly cooled to the temp, of the room, the con- 
ductivity increases in a way which is characteristic of the metals ; this augmented 
conductivity, however, is not retained permanently, but it falls at first rapidly and 
then slowly to a minimum value. The time required for this change depends on the 
process of heating, and on the purity of the preparation. Selenium when heated to 
200°-215° so as to attain its maximum conductivity, and then rapidly cooled, has 
a positive temp, coefi. like the metals ; if cooled not so rapidly, there is only a 
moderate increase in the conductivity ; and if cooled slowly the conductivity shows 
first a maximum and then a minimum. The position of the maximum varies with 
the velocity of cooling. So also if the specimen has not attained its maximum 
conductivity, and is rapidly cooled, its conductivity 


varies with its history, and the conductivity-temp, 
curve shows a maximum and a minimum at dif- 
ferent temp. Thus P. von Schrott obtained the 
results illustrated by the curves in Fig. 11. Curve 1 
represents a sample heated for 5 hrs. at 210°-215°, 
and slowly cooled. The maxunum occurs at 185°, 
and the minimum at 120° — ^the temp. coefiE. between 
135° and 120° is positive and negative elsewhere. 
Curve 2 represents a specimen heated to 210°, and 
it has a maximum at 140°, a minimum at 100°, and 
a positive temp, coeff. between 140° and 100°, and 



Fig. 11. — ^The Eleotidcal Resist- 
ance of Metallic Selenium. 


negative elsewhere. The sample represented by curve 3 was heated a short time at 
200°-215°, and it behaves like a metal between the maximum at 50° and the minimum 
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at 30 ° — mde also Fig. 11. If selenium be beated to 210° the maximum ou the cool- 
ing curve is in a di:fferenb position to the maximum on the heating curve, p. yqjx 

Schrott obtained the results indicated in Pig. 19 ? 
The maximum on the heating curve is at 130° and 
on the cooling curve at 90°. L. S. McDowell found 
that the increase in resistance of selenium -witli 
decrease of temp, continues down to the temp, of 
liquid air, when the cell becomes almost entirely 
non-conducting. The effects of pressure, and of the 
voltage of the impressed electromotive force are in- 
dicated below. 

The presence of impurities — moisture, and metals 
Fig. 12. Electrical Resistance — ^ great influence on the temp, coeff. of 

Ten^eraturl ^ ^ selenium. If dried amorphous selenium be warmed 

slowly to the m,p., the conductivity increases 
regularly as the temp, rises above 90° ; but with moist selenium there occur 
decreases in the conductivity with a rise of temp, between 110° and 130°, and 
200° and 217°. The phenomena arc connected with the loss of moisture. Moist 
selenium, as shown by E. W. von Siemens, R. Marc, P. von Schrott, and 
C. Ries, has a greater conductivity of moist selenium. The conductivity of 
moist selenium decreases with the passage of a current at first rapidly,, then 
slowly. Moist selenium attains its maximum conductivity with cooling more 
easily than dry selenium. R. Marc showed that the presence of the noble metals— 
especially silver — accelerates the transformation of selenium into the metallic form. 
The maximum appears more quickly and sharper the higher the proportion cf 
silver between 0*03 and hi per cent. Platinum also gave good results ; copper not 
as good ; and iron did not act at all. S. Bidwell was so impressed with the favour- 
able effect of small additions of metal impurities on the conductivity of selenium that 
he attributed the ])eculiar action of light on that element to the presence of selenides. 
R. Marc, W. von Uljanin, M. S{)eriing, and L. Amaduzzi and M. Padoa, however, 
found that in some cases, the sensitiveness of seleniiini to light is decreased by 
impurities ; and L. Amaduzzi and M. Padoa found that amorphous mixtures of 
sulphur and 88*99 and 95*884 per cent, of selenium have photoelectric sensibilities 
expressed as the ratio of the conductivities in light and in darkness respectively as 
1*20 hnd 3*6. The vsccond mixture is freely sensitive to variations of strong light, 
the first is scarcely sensitive at all. The hysteresis is different in the two mixtures. 
Isomorplious mixtures of sulphur with from 0*887 to 10-081 at, per cent, of tellurium 
gave a sensitiveness curve which fell rapidly at first and then slowly as the pro- 
portion of tellurium increases. 

B. W. von Siemens examined the efiect of ti7ne on the conductivity. He said 



that selenium prepared by heating the amorphous element to 100° for many krs. 
conducts electricity elcctrolytically, i.e. it is a better conductor at a high than at a 
low temp. ; but if heated for, say, 10 hrs. at 200°— 210° it then conducts like a metal 
in that the conductivity decreases when heated and increases when cooM. 
E. Weidert observed that 0*5 to 2 hrs. heating suffices to show this efiect. The 
second of these varieties is also obtained by slowly cooling molten selenim, 
E. W. von Siemens assumed what he regarded as a third variety of crystalline 
selenium to be stable at 200° and transformed into the first variety at lower temp. 
The third variety was considered to be a better conductor than the other forms, and 
to be more sensitive to light- E. W. von Siemens assumed that the maximum 
and minimum points obtained with cooling selenium, c.g. Fig. 11, arc due to a gradual 
transformation of the second to the first variety, and that by rapid cooling below 0 , 
the transformation of metallic selenium is complete. This, however, does not agree 
with P. von Schrott’s or with (I Eies*s observations. The transition -points were 
found by C. Ries to assume an approximately constant value after some days, and 
to be independent of comparatively wide fliictuations of temp, under 90°. Thus. 
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a preparation with a maxiniiiiii resistance at 23" retaiiie^I the same value after 
15 years althougli the specimen was frec[ueiitly employed in experimental work. 
The conductivity curve of this sample is illus- 
trated by Fig. 13, and it shows two maxima and 
two minima. C. Eies found that a specimen of 
selenimn heated over 200'^, and then rapidly cooled, 
suffered a marked change in its reaction during 
the first ten days — vide Fig. 14, but even after 20 
days it had not attained a constant value although 
subsequent changes were small. J. Luterbacher 
also observed that the selenium may take three 
Aveeks before its resistance attains an approxi- 
mately constant value, although months after- 
wards irregularities may appear. R. Marc observed that the presence of the 
noble metals shortens the time required for the element to assume equilibrium 
and attain a constant state — e.g. in the presence of 0-01 to 0-4 per cent, of silver, 
the resistance of selenium assumes the constant state in a few hrs. M. Coste 





Fig. 13 . — Temperature-Con- 
ductnltA' Cuive. 



Fi(J. 14. — Effect of Time on Fig. 15. — ^The Electrical Conductivity of 

the Resistance of Selenium. Selenium on Heating and Cooling Gurv'es. 


found that immediately after the conversion of vitreous to metallic selenium, the 
resistance of a rod 90x1 XO’5 mm. was 44,0(X) ohms ; 60,000 ohms after one hr., 
63,500 ohms after two hrs., 78,000 after twenty-four hrs. ; and constant at 86,000 
ohms, after forty-eight hrs. E. Berger found that when selenium is quenched 
from different temp., the resistance with and without the addition of silver reaches 
a minimum when the selenium is quenched from about 215"^ — Fig. 15. This is 
taken to mean that the minimum represents the formation of a compound of 
allo tropes A and B to form Scabj and that when quenched below this temp., the 
A-form predominates, and above this temp., the B-form. The results were : 

Quenching temp. . . . 195° 204° 209° 214° 217° 219° 

jS ohms— Se alone . . . 2130 1870 1800 1790 1820 2780 

R ohms — Se and silver. . 26 SO 2300 2030 — 2540 3040 

R. Marc heated a specimen of selenium from 26° to 201° in jumps of 30° and kept the 
element at each temp, until the resistance was approximately constant ; similarly 
on cooling from 201° to 19°. The results are represented by the dotted lines in 
Fig. 15. In each case, there is a maximum in the curve at about 100° ; and both 
curves have the same general form, but the conductivities on the heating curve 
are less than on the cooling curve. On the heating curve the results are low if 
equilibrium has not been attained and conversely on the cooling curve. The 
differences in the values on the heating and cooling curves represent hysteresis 
phenomena ; and if a longer time were allowed, so that equilibrium can be attained, 
it is supposed that both curves would coalesce into the continuous curve of Fig. 15. 
Hence R. Marc assumed that selenium exists in two forms, which exist together in 
solid soln., and that there is a state of equilibrium between the two forms so that at 
each change temp, equilibrium is displaced in favour of another state, and that time 
is needed for the two forms to assume that state characteristic of the given temp. — 
vide supm. These results explain the discrepancies between the measurements of 



724 


INORGANIC AND THEORETICAL CHEMISTRY 


(liHereni obscT /ers for tlio electrical conductivity of selenium, this depends on the 
mode of preparation, and pn^A-ious history of the element — ^temp. at which it has 
bo(m heated, tlie duration of tlie heating, the speed of cooling, and that degree of 
purity of the selenium 

S. Bidwell said that when tlu^ tern}), is a few degrees higher than the average 
temp, of air, a inaximuin resistance is obtained, and if the heating he continued, the 
r(\sistanee ]>egins to decrease. This was not confirmed by B. Datta, who found that 
with ('ast s(deniuni ann(‘a]ed at 200*^ and subsequently at 170° until the maxinnim 
eoudiictivitv was attained, and ])rotected from light, the resistance is intimately 
('.oiinected wi(h the time* tak<‘ii iti producing the variation in temp. Not only does 
it depend on the rate of heating or cooling, as the case may be, but the future 
bcdiavioiir of the selenium depends very much upon the period during which it is 
kept at a fixi‘d tcun]). before Ixdng subjected to a variation in temp. If selenium 
after b(dng annealed is brought down to room teiu}), and maintained at that temp, 
for a consuhrable time, ami then subjected to a change in temp., the change in 
resistance is much less than when tin' S(deniun'i us immediately before brought down 
from a somewliat higher temp., or, in other words, the shape of the resistance temp, 
curve is less sti'op wlnm the temp, is changed aft<*r a long period of constant temp. 
And this occurs not at room imn]). alone, but at all temp, up to about 120°. It 
seems as if, aftm- long being maintaim'd at a constant temp., the selenium is sluggish 
in changing its ])hysical properties connected with a variation in temp. The 
following determinations of the resistance, J^xlO^ ohms, were made by changing 
the temp, of tli(‘ selenium so slowly as to eliminate discontinuities due to resistance 
lag: 

0® 65® 20® to® 60® 78" 100® 120® 160® 170® 

H , 6(r0 50-1 40-1 34*6 23*8 15*4 8*0 3’5 1-7 2*0 

The results can be represented by the curve jK=^( 65-01 +0*860+0-002962)105, 
for 6 Ixdvveen and 170°. Tiiere is no sign of any increased resistance below 170° ; 
and almve this teni]). the elonnmt begins to sublime. This prevented measurements 
being made at a liigher tern]), although the results all show an increase in the 
riusistance. The con stants of the equation depend on the annealing and past history 
of the clement. A change of colour accompanies the change in resistance on warm- 
ing crystals of selenium produced by sublimation. If a transformation into 
alio tropic forms occurs, as seems probable, this takes place at all temp, and 
the various modifications are in dynamic equilibrium, the quantity of each variety 
depending on the temp. The degree of stability of each modification depends on the 
time during which it is maintained at one temp. H. Pelabon found that the 
electrical conductivity of liquid selenium rises rapidly with temp, up to the b.p., 
690°. On cooling it again, the conductivity decreases with the same velocity. The 
slow cooling of selenium first melted and then heated at 690° results in the pro- 
duction at thti ordinary temp, of a grey selenium, the conductivity of which is not 
constant for a given temp., but can be diminished at will by slight heating and 
cooling. This form of selenium does not undergo reversible transformations^ its 
Xmoperties varying with the states through which it passes — vide supra, allotropes 
of selenium. K. J. Dieterich found the sp. resistance of crystals of selenium 
decrease with increasing temp, with a slight increase between 0° and 50°. B- de Laer 
Kronig studied the effect of electronic bombardment on the conductivity. 

In 1873, W. Smith discovered what has proved to bo a most remarkable property 
of selenium ; it is sensitive to the action of light. He said : 

Being desirous of obtaining a more suitable liigh resistance for use at the Shore Station 
in oonneet-ion with my system of testing and signalling during the submersion 
submarine cables, I was induced to experiment with bars of selenium, a known metm 
very high rcsistam^e. 1 obtained several bars varying in length from 5 to 10 centimet^f 
anti of a diameter of 1 to IJ millimetres. Each bar was hermetically sealed in a g^s tus^ 
end a platinum wire projected from each end for the pur|)OB6 of connection. The eary 
experiments did not place the selenium in a very favourable light, for the purpose require r 
for although the resistance was all that could be desired — some of the bars giving 
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i,400 inegohm.-^ absolute — -yet there was a great diserepar^yt in the amS s^eiom did 

different operators obtain the same result. While investigating the of 'h ^reat 

differences in the resistanr-e of the bars, it wa-3 found that the resistance altered rnatenaliy 
according to the intensity of light to which it was subjected Wlien the bars were hxe'i 
in a box with a sliding cover, so as to exclude all light, their resistance WciS at ita highest, 
and remained very constant, fulfilimg ail the conditions necessary to my requirement 
but immediately the cover of the box was removed, the conductithty incrpaaed from 15 rt* 
100 per cent, according to the intensity of the light falling on the bar. Merely interf^eptinj 
the light by passing the hand before an ordinary gas burner placed several feet irum the bar 
increased the resistance from 15 to 20 per cent. If the light be intercepted by roeksalt or 
by glass of various colours, the resistance varies according to the ainount of light passing 
through the glass. To ensure that temp, was in no way affecting the exnenmenis, cne of 
the bars was placed in a trough of water so that there was about an inch of water for the light 
to pass through, but the results were the same ; and when a strong light from the lEnitton 
of a narrow band of magnesium was held about nine inches above the w’ater the resistarrie 
immediately fell more than two-thirds, returning to its normal condition immediart^ly 
the light wms extinguished. 

The lowering of the electrical resistance of selenium bj exposure to lihdir was 
confirmed by M. Sale, the Earl of Eosse, W. Ct. Adams, etc. The effect is produced 
bj lamp or caudle light filtered througli a plate of sodium chloride or coloured glass 
to cut ofi the heat rays. S. Datta, indeed, showed that not more that 0*04 of the 
effect produced by light can be attributed to the heat produced by light. B. U uddeii 
and E. Pohl attriWted the piiotocoiiductivitj primarily to the liberation of eiectroiis 
inside the crystals by absorbed light, while secondary effects are produced by the 
positive charges leE behind in the crystals. Two kinds of crystals were observed : 
(i) those in which the primary ionization takes place in the pure crystal material — 
selenium, cinnabar, zinc blende, diamond, sulphur, etc., and (ii) those in which 
the ionization is located in impurities of irregularities in the crystal structure — 
e.g. coloured quartz, and alkali iodides. The crystals of the first class haye all a 
refractive index greater than 2, and all crystals with the index greater than 2 
exhibited photoconductivity. 

The unii of illumination is the lux — plural luces — which is the intensity of liglit at a 
distance of one metre from a standard candle ; and the so-called which, is the 
intensity of light at a distance of one foot from a standard candle. The relation between 
these two units is represented by the formula ; luces = 10*75 foot-candles. The illumination 
values are calculated from: luces = candle j^wer divided by the square of the distance 
in metres ; or foot- candles = candle power divided by the square of the distance in feet. 

In the ordinary selenium cell, the variation of the electric resistance of the 
element when exposed to light is measured on 4 suitable galvanometer. The term 
cell,’* therefore, is not used in the same sense as is usually understood, and 
G-. W. White preferred the term selenium bridge^ and L. B. Crum^ selenium u?iit. In 
the construction of selenium cells, the resistance of the selenium is so high that it is 
advisable to arrange the selenium so that only a short length need be traversed by the 
current ; and that a large sectional area of selenium he used in order that as much 
current as possible may pass through the selenium ; further, since only the exposed 
portion of the selenium suffers a change of resistance with iiiumination, a compara- 
tively large surface with respect to its voL should be exposed to the light — this 
means that thin layers of selenium must be used. The preparation of thin films 
of selenium was described by M, Reinganum, A. H. Pfund, W. S, Gripenberg, and 
G. von Salviati. In 1876, E. W. von Siemens constructed the first selenium cell ; it 
consisted of two platinum wires wound in a flat double spiral, and attached to a sheet 
of mica ; the sheet and wires were then coated with molten selenium, exposed to a 
temp, of 200° for some hours, and slowly ccM>led. This process of long heating and 
slow cooling is called annealing. Selenium of a high degree of purity is employed, 
but when alloyed with 0*01 to 0*1 per cent, of silver R. Marc showed that the 
recovery of the cell may be hastened as indicated above. V. Chiarini said that red 
selenium is more sensitive to changes of light than is the case with black selenium. 
E. Ruhmer prepared what he called soft ceUs in which the seleiiium is coarse-grained, 
and obtained by annealing at 200® followed by slow cooling ; and hard & s in which 



726 


mORCIANlO AND THEOKETICAL CHEMISTRY 


the seleiiiimi is fine-grained, and obtained by annealing at a somewhat lower temp, 
followed ])y ra.})id cooling. Hard cells have a greater resistance than soft ones, aad 
suffer a relatively smaller cliange m resistance with illumination. The soft cells 
are very sensitive to feeble illumination, but their resistance with strong illuminatioE 
is smaller than with hard cells. This is illustrated below. A longer time is required 
by a hard cell than ]>y a soft cell to assume its equilibrium resistance value on expo- 
sure to light ; and the recovery of its resistance on cutting off the hght is faster witt 
hard cells than with soft cells. The sensitiveness of a selenium cell is the ratio of its 
resistance in the dark to its resistance when exposed to the given source of illumina- 
tion. The illumination produced by bright sunlight at noon on a winter’s day 
approximates 20,000 luces, so that the sensibilities of the soft and hard cells indicated 
below are respectively 120,000/1500=80, and 100,000/6000=16*6. E. Rubner 
h<as constructed cells with a sensibility exceeding 200. Numerous different forms of 
selenium cell have since been devised with the idea of decreasing the resistance and 
increasing the exposed area of the selenium as much as possible. 

Most selenium c‘olls can bo divided into two groups according as the light falls vertically 
or parallel to the <;Urc(d.ioii of the electric current in the selenium. The relative merits of 
the two forms wore chs(;ussod by M. Sperling, G. W. White, A. M. Tyndall and G. W. Wliite, 
C. Rios, and W. S. Gripenborg. Cells of tlie first typo, made from wire or ribbon, were 
described by 8. Bid well, E. W. von Siemens, E. Mercadier, A. G. Bell, A. F. Weinhold, 
O, von Bronk and E. Kuhmer, V. K. Zworykin, K.Marc, E. Rulimer, B. Hart, etc. Cells 
of the first type made by ruling or engraving lines across a thin layer of, say, silver, or, say, 
glass on carbon, and filling up tlie gap with selenium were made by G. von Salviati, R. E. Lie- 
segang, B. Glatzel, E. E. Fournier d’Albe, C. Ries, E Prosser, W. S. Gripenberg, O. Linder 
and B. J. Replogle, A. Rigbi, A. C. Longden, 3 . W. Giltay, etc. Cells of the second type were 
made by A. M. Tyndall and G. W. White, W. S. Gripenberg, G. Dragonetti, C. E. Fntts, 
A. Righi, W. von Uljamn, H. Kuclionmeister, J. Neale, R. E. Martin, H. Thirring, J. L. Baird, 
R. Bart, etc. A. O. Ranliine, and T. Baker found that some cells with direct current 
show api>reciable and persistent polarization effects which disappear when the cells are 
operated by alternating currents and the colls then show an enhanced light sensitivity. 
A. Mickwitz used the selenium cell as a colorimeter. 


The increase in the electrical conductivity which occurs where selenium is exposed 
to light is such that with cells of low resistance the conductivity increases rapidly at 

first, and then more and more slowly — Fig. 16; 
while with cells of high resistance or high sensitiveness, 
the conductivity rises to a maximum value and then 
falls off more and more slowly — B, Fig. 16. In both 
cases there is an increase in conductivity immediately 
after exposure to light. C. Ries mentioned a case 
where the conductivity of the cell fell off so much that 
on the fifth day it had reached a lower value than 
that shown in darkness. He attributed this anoma- 
lous result to the presence of moisture. F. G. Brown, 
however, prepared cells which had a low resistance, 
and a sensitiveness never above 20 per cent., and 
which decreased their conductivity immediately after 
exposure to light — 0, Fig. 16. These cells were said 
Oi Change of liqht-neqative cells in contrast with the 

exposed to light. 0. Weigel inferred that the light- 
sensitiveness of selenium is due to the contained water reducing the resistance, 
although this does not agree with his observation that the light-sensitiveness m 
vacuo is greater than it is in free air, and with C. Ries’s observation that 
light-sensitiveness of dry preparations of selenium is decreased by moisture. Tm^ 
is in harmony with the experiment of P. von Schrott, and A. Pochetti^ ^ 
G. C. Trabacchi. Observations on this subject were also made by F. C.. Brown* 
and L. B. Crum. C. Ries concluded that the so-called light-negative property ^ 
selenium is not a specific property of the element, but is a secondary eft 
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produced by moisture or other impurities. W. Flechsig studied the efect with 
crystals of seleDiom. 

The eft’ect of light of difi'erent htie/isit>j on the resistance of selenium expressed 
ill It ohms, ^ith an applied e.mi. of 10 volts, witii light of intensity. I luces, is illus- 
trated by the following observations by E. Hausmann with E. Ruhmer's soft 
cylindrical and hard flat cells respectively : 

Soft /i. 0 i 2 4 16 64 256 1,600 20,4O<> 

Ceil i?i. 120,000 42,0l)0 32,000 25,000 15,000 9,000 5,000 3,050 1,500 

Hard I \ . 0 4,09 8,00 22,2 200 555-6 800 5,00O 20,000 

Cell 100,000 75,000 66,000 54,000 35,000 26,000 23,OuO 14,000 6,000 

Observations w’ere made by C. Ries, V. P. Barton, A. Korn and B. Glatzel, C. Carpini, 
M. Sperling, W. Janichen, R. J. Piersol, etc. C. Carpini found that the curve 
varies according as the light intensity is being raised or lowered. Y. P. Barton 
measiiied the change of electrical resistance produced by light between 4300 A. 
and 9300 A., and observed a maximum decrease at 7000 A. The Earl of Eosse, 
W. G. Adams, and G. Berndt assumed that the resistance, R ohms, is universally 
proportional to the square root of the light intensity, I luces, so that R=al~^, 
where a is a constant. This equation does not give good results even as a rough 
approxiiiiation for intense illuminations, but it is valid for light of moderate 
intensity. A. H. Pfund found this relation applies for the spectrum from the 
violet to the yellow, and P. J. Nicholson found that it holds from 230/xp- to 
900/ifi,. E. W. von Siemens, and E. A. Hopius assumed that the resistance is 
inversely proportional to the cubic root of the intensity of light so that R=al~~\ 
where a is a constant. The results with this equation are moderately accurate, 
and give rough approximations, but for more intense illumination the index 
has to be changed again. A. H. Pfund, and E. Euhmer found that the resistance 
can be represented by R=aI~P, where a and jS are constants which can be 
valuated from two observations Ri and R2 with corresponding values of and 
Ljf when log Ri—log A)* selenium employ^ by 

A. H. Pfund, the so-called UlumincEion constant jfl=0*510 for light of wave-length 
A=45Cp-fo ; 0-712 for A=696/x/z- ; and j3=l for A=711/qx to 830f£p. E. Ruhmer 
found that ^ ranged from 0*25 to 042. N. A, Hesehus gave the relation I— 1), 
where a and h are constants, and m denotes the relative change in the resistance such 
that Riight=-^{iaricG> 2 '+l)'~^- Eor the selenium employed by N. A. Hesehus, a=5, and 
b= 2 , E. Presser gave R=^a{l+bY^ where a and h are constant, and a; is a measure 
of the softness of the cell, and lies between 1-0 and 1-5 being nearer unity the harder 
the cell. G. Athanasiadis gave 7=jK(iL—(z)b, where a and h are constants and K 
represents the conductivity of selenium, so that x 10 ^. 

M. Sperling gave K=a log ( 1 -j-bl), where a andb are constants depending on the 
wave-length of the light. G. M. Minchin gave an expression wMch reduces to 
log {RolR)={Ijli)^ log (RqIR^), where Ii is the intensity of the light which alters 
the initial resistance Rq of the cell in darlmess to Ri; I is the intensity of the light 
which alters Rq to R; and is at constant — i? 0 is known, the ratio Rq/Ri can be 
measured for an illumination of intensity, Jj, and the resistance B can then be 
calculated for an illumination J. The expressions of N. A. Hesehus, B, Ruhioer, 
G. Athanasiadis, M. Sperling, and G. M. Minchin give very fair results. P, von 
Schrott, M. Sperling, C. Ries, and E. 0. Brown and J. Stebbins have shown that the 
sensitiveness to light of a cell made from well-crystallized selenium with a negative 
temp, coeff. of the resistance decreases when heated from room temperature up 
towards the m.p. The decrease is at first rapid and then slows down until in the 
neighbourhood of 200° it almost vanishes. A. Pochettino observed that the 
sensitiveness to light is very great at temp, below 0 °, and he found a maximum 
effect at — 40°, and at the temp, of liquid air the sensitiveness is about a quarter of 
its value at room temp. C. Ries doubted if the maximum at — 40° is really an 
effect of the light ; he believed that the sensitiveness to light, E per cent. — where 
E=EX)(i? 4 ark~~Riigbt)/-?^dar]c — changes with the temp, in the same way as the electric 



728 


INORaANIO AND THEORETICAL CHEMISTRY 


resistance, and a maximum in the resistance curve corresponds with a masimM 
ill tlie sensitiveness to light. This is proved by the observations of R. Maxc illus- 
trated by Fig. 17. L. S. McDoweh found 
that the action of heat and light in pru- 
ducing a change in the conductivity o! 
selenium is identical. The change is 
conductivity due to excitation by^ light 
of the same intensity takes place more 
slowly at low temp, than at ordinary 
temp., but the final change produced hy 
sat. is enormously greater. B, Glatzel 
found that the sensitiveness and resist- 
ance increased continuously as the temp, 
fell from (f to —-70"*. P. von Schrott oh- 

Fig. 17.--The Effect of Temperature on 

the Electrical Resistance and Sensitive- when incompletely 

ness i.o Light of Seloniuni. crystaluzed selenium was employed j and 

he obtained the results summarized in 
Fig. 20 by the use of white, red, and green light. E. 0. Dieterich measured the 
effect of Innferalure on cells in whicii no maximum occurs in the red, and found 





Figs. 18 and 19. — The Effect of Temperature on the Electrical Conductivities 
of Selenium Exposed to Light of Different Wave-lengths. 


that the sensibility in the blue end decreases markedly with rise of temp., while it 
is scarcely affected in the red end — ^Fig. 20. The resistance at 33° is 223,500 

ohms ; at 61°, 334:, 000 ohms ; at 81-5°, 181,000 
ohms ; and at 132°, 195,000 ohms. In another 
type of cell with a maximum in the red, the 
maximum is displaced towards the red with rise 
of temp. — Fig. 20. D. S. Elliot found that at 
the temp, of liquid air, the maximum shifted 
towards the shorter wave-length. 

Fig. 20.— The Effect of Tempera- Light of different wave-length, or colow 
ture on the Sensitiveness of affects differently the resistance of selenim 
Belanium to White, Red, and ^ Pfund's observations of the resistance— 
reen ig t. expressed in terms of the deffections of the gal- 

vanometer — are plotted in Fig. 21. The results show that while the blue aiH 
infra-red regions have but little effect, light of wave-length 700/i/r produce 
a considerable change in the resistance. P. J. Nicholson extended th^e 
vatious with the ultra-violet and found, as did A. H. Pfund, a maximum fur 
lOOfig., Fig. 21 ; a minimum in the vicinity of 600/ip., and a maximum at ahoat 
500fxfi, Observations have also been made by M. Sale, W. 6- Adams, B. V. WB 
Siemens, G. Berndt, L. A. Forsmann, B. Gudden and R. Pohl, V. P- 
M. Sperling, F. C. Brown and co-workers, M. Abonnenc, A. Cornu, E. 0. Diemwf 
A. Pochettino, P. J. Nicholson, R, Marc, and D. S. Elliot. A. Mickwitz studied w 
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use of tie seienium cell as a colorimeter. According to F. C. Brown, tie sensitiveness 
of selemiim to liglit rays of different colour depends on tie mode of crystallization of 
tie selenium, on tie intensity of tie ligit, on tie duration of tie exposure, on tie 
previous ilinniination and tie temp. In general, tie seleniiim contains many kinds 
of crystals of different sensitiveness. Grrey crystalline seleniiun has no ciaracteristic 
cTiTve for colour sensitiveness ; and in a selenium cell tiere are probaily many 
kinds of crystals witi different sensibiities. In nearly all available spectra red light 
possesses more energy tian tie otier colours ; and while red light is most effective 



Fig. 21. — The Effect of Light of Different 
Wave-length on the Electrical Con- 
ductivity of Selenium. 



Fig. 22. — ^The Effect of Light of 
Different Wave-length on the 
Electrical Conductivity of Se- 
lenium. 


in lowering tie resistance of selenium, that element is perhaps most sensitive to blue 
igit, meaning that blue light is more effective in its action than is red light possessing 
the same energy. The law of the light action is the same for all kinds of light though 
the amount of action differs from colour to colour. Selenium, however, is not 
markedly selective towards any particular colour provided all possess the same 
energy. Red light from terrestrial sources has more energy than other colours, 
but as tie source of illumination gets hotter, the maximum of energy shifts from the 
red end of the spectrum towards the violet. 

J. E. H. Gordon, H. N. Draper and R. J. Moss, P. von Schrott, C. Ries, etc., have 
shown what an important influence the mode of preparation of the selenium has on 
its electrical conductivity. R. Marc, and A. Pochettino found that the sensitiveness 
of selenium for red light is increased hy prempm exposnre to white or blue light, but 
tie sensitiveness for blue light is not affect^ by a previous exposure to red Mght. 
P. J. Nicholson found that when the cell is subjected to a steady beam of red light, 
ifa conductivity is increased 2*5 times, and the red maximum is almost entirely cut 
out; when subjected to a beam of green light, the conductivity is inoreas^ to 
about 3 times, and the red maximum and the infra-red sensibiEties are sEghtly 
reduced. P. J. Nicholson found that with a limited exposure of 12*5 seconds, tie 
region in which j8 is the expression R=a/j8 is nearly 0*5 extends into the ultra-violet 
as far as 230/ijLt. When the time of illummation was reduced to 10 seconds, a notice- 
able increase in tie value of followed, with a small shift of the region in which 
^ becomes 1 towards shorter wave-lengths. With tie longer iliuminatioiis (15 and 
20 seconds) tie contrary was tie result. Finally, with exposure until a steady state 
was reached, it was found that P was approximately constant and equal to 0*5 
throughout the entire spectrum. Tiere appeared, however, to be an appreciable 
minimum in the value of j3 about the region flOOpft, for here the value found in many 
sets of readings was about 0*4. F. G. Brown and J. Stebbins found that the resist- 
ance, of grey crystalline selenium is depressed 0*05 to 0*3 per cent, per atm. by 
presmres p, between 1 and 460 kgrms. per sq. cm. : 

p . . 1 59 102 250 333 405 453 496 

R . . 113,500 106,900 99,900 74,600 64,300 56,000 51,700 44,600 ohms 
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Tlie decrease in the resistance of selenium by press, between 0 and 600 atm 
is approximately a linear function of the press. ; and it is a function of the initiai 
resistance whether the initial resistance be conditioned by press, or temp. He 
press, effect is due to the selenium itself, and not due to a change in the contact 
resistance between the electrodes and the selenium, or between parts of the seleniuia 
itself. E. Monten found a 0-5 to 2 per cent, per atm. decrease at 3000 atm. WMe 
F. C. Brown and J. Stebbins found little or no hysteresis at 450 atm., E. Monten 
found that the resistance returned to its original value only slowly after the selenium 
had been subjected to a high compression. E. C. Brown and J. Stebbins obsexYed 
only a small decrease in the sensitiveness of selenium to light at different pre&j. 
Thus, the percentage change of resistance due to light with and without the applica- 
tion of press, was in one case 6‘92 and 5*77 respectively, in another, 7-70 and 7-11; 
and in a third, 9*70 and 8*89. F. C. Brown found that with single crystals of sele- 
nium, the conductivity in the dark increases about 120 times for an increase of press, 
of 180 atm., and in light the effect is greater. He succeeded in increasing tte 
conductivity of one crystal about a million times by press., and under these con- 
ditions the selenium was not sensitive to light. The hysterises was only slight. Tk 
change of conductivity produced by light with press, up to 180 atm. is directly 
proportional to the conductivity in the dark, so that with a green illumination tlie 
percentage increase in conductivity is constant. The press, effect makes it easier 
for the light to change the conductivity, but the press, does not act except at tke 
point of application. A. Wendt studied this subject, F. C. Brown found that the 
change produced by tensile stresses is not so great as for compressive forces. 

F. C. Brown and L. P. Sieg found that the effect with a hexagonal crystal pre- 
pared by heating vitreous selenium for a couple of weeks at about 200*^, and with a 
monoclinic crystal prepared by heating vitreous selenium m 
vacuo at 170°, is summarized by Fig. 23. E. 0. Dietrich 
also found that with a high crystallizing temp,, seleninm 
gave a maximum at bOOfifu. ; and when crystallized at a 
lower temp., the maximum was at 700fXja. F. C. Browu 
thus summarized his conclusions : Light of all portions of 
the visible spectrum alters the conductivity of crystals of 
metallic selenium of the two systems. When the light is 
removed the recovery is very rapid. If the entire crystal is 
illuminated equilibrium is reached in less than 0-2 second. 
The maximum sensibility for given energy is in the ultra- 
violet. The crystals are in an equilibrium such that a 
press, of 180 atmospheres will increase the conductmty a 
hundredfold. The specific conductivity increases with the applied voltage. The 
light action may be transmitted almost undiminished throughout the crystal. The 
press, effect is not transmitted outside^ the region of the mechanical stress in the 
crystal. The effect of the electric potential is not transmitted beyond the region of 
the electrical stress, nor does it manifest itself except in the direction of the electrical 
field. The absolute sensibility to light increases with press, proportional to ihe 
conductivity in the dark. This increased sensibility takes place only at the 
where the press, is applied. This increase of sensibility holds for the transmitted 
light action as well as the direct action of light. The velocity of transmission of tlie 
action at a distance hy light is greater than two cm, per sec. The crystals of selemum 
are doubly refracting, and consequently it would be anticipated that the electro- 
optic properties will be directive by varying when the illumination is along differmt 
axis. If the action of light were only on the atoms, irrespective of the ^^ry^ 
structure, the sensibility curves should be the same when different sides of the 
crystal are illuminated, provided that the reflecting power is constant. F. 0. Brown 
and L. P. Sieg observed that when the illumination is directed on either of 
faces as shown by the arrow, 1, Fig. 24, the sensibility began to increase rapidly ^ 
wave-length 0*66/x, and held a broad maximum with a mean position at 0*7ft. At 
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Fig. 23. — Effect of 
Eight of Different 
Wave-length on the 
Conductivity of Se- 
lenium Crystals. 
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A=0*80f6 there was a very large sensibility. By iilnminating either of the short 
edges of the crystal the sensibility had just started to rise at A=0*74ft, the position 
where with side illumination the maximum occurred. In this instance the maximum 
was very sharp and located at 0‘79/;t. In the infra-red hejond wave-length 0*82jLi 
this edge of the crystal was more sensitive relatively to the miuirmim than was the 
flat surface at its maximum. When either of the longer edges was iUuminated as 
shown by arrow 3, the maximum was at 0-76 /a. R. J. Pierso] measured the relation 
between the light intensity and the photoelectric current. F. 0. Brown and L. P. Sieg 
investigated the effect of varying the angle of incidence on the lamellar crystal of 



Fig. 24. — The Directive Effect of Light on 
the Ligiit Sensitivity of Selenium Crystal. 



Etg. 25. — The Effect of Polarized Light at 
Dffferent Angles on the Light Sensitivity 
of Selenium. 


selenium. For angles of about 60®, Fig. 25, there was a decided change in the 
character of the sensibility curves, but for larger or smaller angles the form of the 
curve was not changed. With light polarized in the plane of incidence and then 
at right angles to this plane, there was no change in the character of the sensibility 
curve, but at about this angle the effect of light polarized in opposite planes was 
quite different. When the electric vector of the light is perpendicular to the plane 
of incidence, the sensibility curve was similar to that shown in Fig. 24 ; but when 
the electric vector was parallel to the planes of incidence, the maximum was broader 
and higher. J. C. Pomeroy examined the effect on the transverse conductivity of 
single crystals. 

W. G. Adams first showed that the resistance of selenium depends on the 
impressed electromotive force, for he observed that with e.m.f. of 7, 42, and 49 volts, 



and C. Pies showed that it is not the result of polarization. C. Eies examined 
the effect of temp, on the voltage effect. If the observations are made when 
the resistance has attained a constant value the effect is but small up to about 
90°, and after that there is an abrupt change. F. C. Brown investigated the effect 
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of press, on the voltage effect — at a low press, raising the voltage from 14 to 14§ 
produced a 416 percentage increase in the conductivity, and at a high press, only 
a 33 percentage increase. C. Ries, and A. Pochettino observed that an increase 
in the voltage of the current decreases the sensitiveness of selenium to light ; and 
B, Glatzel, and E. C, Brown observed no marked difference, due, according to O. Ries, 
to the employment of small differences in the impressed e.m.f. or to the use of varie- 
ties of selenium which show but a small voltage efiect. F. Kampf found that tke 
sensitiveness of selenium to light, with voltages below^ 20, is constant, and rapidly 
decreases with voltages between 20, and 100 ; and with still higher voltages, tke 
results are anomalous. G. W. White observed that a greater change of conductivity 
occurs in a selenium block when the ray of incident light is in the direction of flow 
of the current than when it is at right angles to the current. 

The conductivity of the selenium cell varies with the intensity of the hgkt so 
that if the cell he exposed to intermittent hashes of light of constant intensity a 

zigzag curve is obtained, Fig. 27, and tke 
dotted lines show that the maximum con- 
ductivity. in light and the minimum con- 
ductivity in darkness soon attain constant 
values. With many short flashes, tke 
variation of conductivity is proportional 
to the intensity of the illumination and tke 
Fra. 27. — Variations on the Conductivity time interval. The increase in the electrical 

coiidiictivity of selenium resulting from 
illumination is not instantaneous, and tke 
recovery of the original resistance after exposure is, as shown by S. Kalischer, muck 
slower. This phenomenon — ^the Nachwirhung of selenium — ^is seriously called 
inertiay fatigue^ lag, or hysteresis. When a cell is illuminated, the greatest decrease 
in resistance occurs during the first second, but the action is not generally completed 
until the elapse of 6 or 10 minutes ; similarly, the recovery of the original resistance 
on darkening the cell is not an instantaneous efiect, hut depends on the duration and 
intensity of the previous exposure. Some cells require to be kept several hrs. in 
darkness before the original resistance is recovered, other cells require 2 or 3 days. 
Working with E. Ruhmer’s hard cell, with a resistance, R, in the dark of 100,000 
ohms, E. Hausmann found that on sudden illumination : 



Time . 1 2 

3 

60 

120 

240 

300 sees. 

- R . . 52,500 42,000 

and on sudden darkening : 

39,000 

36,600 

35,700 

33,000 

32,000 ohms 

Time . 0 6 

60 

120 

300 

600 

1500 secs. 

R . . 32,000 45,000 

52,500 

55,500 

60,000 

66,000 , 

70,000 ohms 


The results are plotted in Fig. 28, M. Bellati and R. Romanese, and 0. Majorana 
/•// • > found that with intermittent illumination, tke 

r resistance of selenium is independent of Ihe 

frequency of the alternations of darkness and 
light per second ; but B, Glatzel observed 
the resistance alters if the ratio of the periods 
of illumination, ti, and of darkness, ch^es. 
With continuous illumination, the 
conductivity is attained more rapidly 
j strong than with feeble illumination, and to 
^ ^ ^ the more, the softer the selenium cell TO 

r/me m mmi/tes recovery of the original conductivity when m 

Fig. 28.— The Effect of Illumination illuminated cell is darkened occupies a longer 
of '''' Resistance intensity of 

tion, and the longer the exposure. B. GlatM 
found that the time required for the recovery after an illumination with llw luc^ 
was 3 times that required for an illumination of 50 luces ; and that the bjm 
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required for recoTerj with a large light energy is proportionally smaller thaix for 

a small light energ\n According to L. S. McDowell the form* of recoverv curve 

depends on the magnitude of the change of conducthdty, and 

not on the time required for the change. T. Torda obtained . ' " 4: 

the recovery curves shown in Dig. 29 after illuminations | 

occupying respectively 2-5 secs., 10 secs, and 20 secs. Ac- -1*“^ — — 

cording to A. Nisco, the difference between the conductivity ^ 

values in light and in darkness soon assumes a constant v f 

value, and the difference between the highest and lowest "I 1- 1/ 

values depends on the strength of the illumination. C. Eies x 

made observations on this subject. When hght falls on . | — 

selenium, the conductivity of only the surface layer is raised, Wwls 

but gradually a part of the light is absorbed lower down and 7?/??^ (n 

thus the conductivity of the selenium below the exposed Fig. 29.— -Recovery- of 
surface is augmented. Hence the thickness of the selenium the ^sistanee of II- 
exposed to fight has an influence on the lag. According lumin^ed Seiemum 
to E. ^RTC, A. Kom, B. Glatzel, X. A. Hesehus, and 
W, S. Dripenberg, the lag increases proportionally with the thickness of the exposed 
selenium. F. C. Brown found that with selenium Odl mm. thick, the light 
penetrates about 0*014 mm., but all the selenium is conducting and light-sensitive. 
The effect of filing or sand-blasting is to increase the conductivity. R. Marc 
calculated that the light penetrates to a depth of 0*00008 mm., and W. S. Gripen- 
berg said that light penetrates 0*05 mm. almost completely. G. W. WTiite concluded 
that the highest resistance is at the selenium contacts, and that the greatest change 
by iilumination is at the electrodes. F. C. Brown found that with single crystals 
the action of the light spreads by some sympathetic mechanism throughout the body 
of the crystal ; that the action of light is not at the contacts ; that under the 
influence of press, only the part of the crystal which is under press, is affected ; and 
that under the influence of electrical forces, only the part of the crystal directly 
under the forces is affected. Hence light has to do with a mechanism essentially 
different from electrical or mechanical stresses. 


the Resistance of II- 
Imninated Seiemum 
when Darkened. 


The ‘pre-illuminaiion of selenium reduces the lag, so that with intermittent 
illumination the lag finally assumes a constant value, Fig. 30. This subject was 
investigated by B. Glatzel, C. Ries, and P. J. Nicholson. E. Merritt showed that 
the recovery of selenium after illumination is slower for shorter exposures ; and 
is more rapid for lower illuminations. He emphasized the resemblance in the 
behaviour of selenium, as indicated by the change in conductivity, and the behaviour 
of a phosphorescent substance, as indicated by the intensity of the phosphorescence, 
E. Hausmann also showed that while the recovery is slower for excitation by the 
ultra-red than it is for red-light, and slower for r^-light than for green-light, the 
relative times of recovery after exposure to different wave-lengths varies with 
individual cells. In general, the lag increases with the of the light 

being greater for red-light than for blue-light. A. H. Pfnnd, and L. S. McDowell 
found that the maximum sensitiveness is more rapidly attained in blue-light than in 
red-light ; P. J. Nicholson that the lag in the ultra-red is very marked ; and 
B. Glatzel, that the lag in the greenish-yellow part of the spectrum is less than in 
red, but for the same effect on the conductivity, the lag is independent of the wave- 
length of the light. The presence of im'purities affects the lag. A. Rom obtained 
the smallest lag by using pure selenium and platinum electrodes, while selenium 
contaminated with selenides showed considerable lag. B. Glatzel said that a greater 
lag is obtained with copper electrodes than with platinum electrodes — but the use 
of different preparations of selenium make the conclusion ambiguous. As indicated 
above, R. Marc noted that the presence of certain metal salts in the selenium 
hastened the attainment of equilibrium in light and so abbreviated the lag. 
B. Glatzel, liTniting bimfiftlf to currents with a comparatively small e.m.f. — 10-20 
volts — observed that the voltage of the impressed def^rom^im force had no effect 
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Fig. 30. — ^Th© Effect of the Impressed 
Electromotive Force on the Sensi- 
tiveness and Lag of Selenium. 


on the hysteresis of sdenium, but 0. Ries showed that increasing the voltae 
lessened the sensitiveness and also the lag, and that the decrease in the lag is 3 

portionally greater than the decrease in th 
6S0 - sensitiveness to light. This is illustrated k 

— u Fig. 30. E. H. Kennard and C. Moonstudid 

^520 — the photoelectromotive force. L. S. Mc- 

^ Dowell found that the lag is markedly gieatet 

at a low tem.'peralure than at a high temp 

L — g Giatzel also observed that the lowering of 
^ 2eo - Qo _jQo resulted mm 

“’■'*4^^^ increased sensitiveness and a greater W 

/ 1 1 I it" ductivity was attained in 3*5 seconds with a 

i:? / ^ ^ ^ s specimen of selenium at —20®, and at ITO' 

Mmutes 0-0136 second. The lag was diminished 

with a rise of temp., and vanishes at 170° 
Electromotive Force on the Sensi- rpi._ oaao 

tiveness and Lag of Selenium. i he sensitiveness at 200 was zero. 

In order to account for the remarkable 
effect of light on the electrical conductivity of selenium, J. Moser supposed that 
the light generates heat which improved the contact between the selenium and 
the electrodes ; M. Sale suggested that the additional conductivity is due to eth^ 
waves penetrating between the atoms of selenium so as to increase the conductivity 
of the whole substance — ^but this does not explain the effects of hysterm 
S. Bidwell attributed the action to the formation of selenides by the material el 
the electrodes, but this does not explain the effect with carbon electrodes which 
form no selenides and give equally good results. 0. Weigel’s assumption tbiatfhe 
decreased resistance of selenium in light is an effect of the adsorbed water, as 
indicated above, was disproved by C. Ries. The work of C. Berndt, A. H. Pfmi4 
W. von Uijanin, R. Marc, C. Ries, M. Sperling, L. Amaduzzi and M. Padoa, 

A. Pochettino, G. P. Barnard, E. J. Picrsol, etc., makes it highly probable thati^ 
sensitiveness of selenium to light is a S 2 >ecifw 'property of the selenium itself. 

The allotropio hypothesis rests on the assumption proposed by E. W. von Siem^ 
that there are two forms of metallic selenium, one of which is a good conductor, 
and the other an inferior one. Ordinarily these are in a state of equilibrium, but 
illumination displaces the equilibrium in favour of the variety with the high con- 
ductivity, while in the dark this state is reversed and the normal resistance is 
eventually restored — vide supra, the allotropic forms of selenium. This hypoth^ 
was favoured by G. Berndt, A. H. Pfund, R. Marc, M. Sperling, A. Pochetfdno, 

B. Glatzel, H. R. Kruyt, E. Berger, H. Pelabon, and W. Biltz. F. C. Brown 
assumed that three modifications of selenium are involved. The A-form is sup- 
posed to be a non-conductor, the R-form a metallic conductor, and the C-form has 
a conductivity negligibly small in comparison with that of the R-form. Illumma- 
tion transforms some A into R, and R into C. F. C. Brown later abandoned ffih 
hypothesis in favour of the electronic hypothesis. I. A. Kasarnowsky said that ff® 
potential of selenium becomes more positive on illumination, so that the different® 
between illuminated and non-iUuminated selenium cannot be ascribed to 
formation of a new allotropic modification, and the cause of the photosensibility b 


not a reversible photochemical reaction. 

D. ReioMnstein ascribed the light effect to polarization. He said that dkeOTy 
a current of voltage Eq passes through the selenium cell a back e.m.f. or polanzahw 
current of E volts is evoked so that the observed effect is Eq—E volts. E is v^ 
large, but in light it is diminished, apparently reducing the resistance of the 
This hypothesis was criticized by H. Greinacher. H. Greinacher observed a cei^ 
analogy between the decrease in the resistance of selenium produced by an al^ 
nating current and by light. He attributed the differences to the diff^ent ^ 
quencies, that of light being 5 X 10^^, and that of the currents used by Wm 
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3 X 10^. He therefore assumed tliat the light seiisiti\ eness of selenium is a special 
case of a general property the electrical resistance is sensitive to elect rofm^neiie 
oscillatiops of certain frequencies. In the case of seleniam, an increased con- 
ductmty is due to the separation of electrons by electromagnetic oscillatioiis : this 
increase renders more electrons available for carrying the current. The analo.2y 
between the effects produced by light and by the alternating current w^as criticized 
by C. Ries. A decrease in the resistance of selenium under the influence of electric 
oscillations was also observed by C. Agostini, and G. Berndt. 

In the co-called Becquerel efeM, discovered by A. C. Becquerel in 1839, if one 
of the two electrodes dipping in an electrolyte be illuminated, the electrode potential 
is altered, and an electric current is produced. The photoelectric current flows in 
the direction of the light rays, and in a selenium ceil it is assumed that negative 
electrons pass from the illuminated layer of selenium to the electrode by a 
phenomenon analogous to the Becquerel effect. The photoelectric current was 
found by C. Ries to be produced by the same rays of light as those which augment 
the conductivity. D. Kordes supposed selenium to be a mixture of good con- 
ductivffy matrix and bad conductivity crystals, and that light produced a potential 
betiteen them so that the selenium is in the same state as the glass of a Leyden jar. 
This produces an e.m.f. which is the cause of the augmented conductivity of an 
illuminated selenium cell. The phenomenon was studied by E. L. Hanson, who 
found (i) for the same illumination, the e.m.f. is independent of the current through 
the cell; (ii) over wide ranges, the e.m.f. is directly proportional to the intensiiy 
of illumination; (iii) for the same intensity of illumination, the e-m.f, is a 
maximum in the region A=490. 

F. Himstedt assumed that the light rays provoke the fluorescence or phosphor- 
escence of selenium and that the element under the action of its own rays, so to 
speak, changes its resistance. The phosphorescence could not be proved experi- 
mentally, but N. A. Hesehus, and E. Merritt observed a similarity between the effect 
of light on the conducti\dty of selenium, and on the intensity of the phosphor- 
escence of zinc sul]diide. N. A. Davis and J. J. T. Chabot observed that selenium 
which has been illuminated can emit rays capable of affecting a photographic 
plate. 

N. A. Hesehus supposed that the light produced a partial dissociation of 
selenium molecules, and that the conductivity is favoured by the resulting ionim- 
(mi, P. von Schrott also said that selenium in darkness has no free ions, and that 
it is ionized by light so that the free ions favour the conductivity ; in darkness the 
ions recombine to form molecules. L. Amadiizzi supposed that the increase of 
conductivity in light was produced- by a discharge from particle to particle, as in 
HalkmcFs effed ig.ti) ; but this phenomenon is most favoured by ultra-violet 
light, whereas the conductivity is mpst sensitive to the visible red. A. H, Pfund 
considered that light absorbed by selenium sets up resonance within the atom, and 
this, in time, gives rise to an expulsion of electrons — this increasing the number of 
electrons available for carrying the current, and hence increasing the conductivity. 

In the modem theory of dectrons, metallic conduction consists in the transfer 
of electrons through the metal, while in liquid conduction, ions or groups of ions are 
transferred under the guidance of positively charged electrons or protons, in the 
direction imposed by the electric field of force. In semi-conductors, both process 
occur, but since in selenium there is little evidence of the actual transfer of selenium 
by the current, the conductivity of that element in light is attributed, a.s in metallic 
conduction, to free electrons. In good conductors there are suppose to be nearly 
as many free electrons as there are atoms, while in poor conductors like selenium 
there are far more atoms than electrons, E. E. Fournier d’Albe said that we are 
not likely to be far wrong in estimating that normally a selenium tablet an inch 
square will contain about a million free electrons among its billion selenium atoms^ 
but when intensely illuminated, it may contain ten or hundred times as many 
electrons as in the dark. How light expels the electron is not known. If the 



T36 


INORGANIC AND THEORETICAL CHEMISTRY 


electrons of the atom are revolving in their orbits about the nucleus, under the 
gravitational ” attraction of its positive charge, an alteration of the electrical 
held may distort a circular or elliptical orbit into a parabola or hyperbola, and so 
result in the ejection of an electron. The theory was discussed by A. M. Macllahon 

The work required to ionize an atom, i,e. to make an electron leave an atom 
with which it is bound, is about erg ; and this work is supplied by the energv 
of light ; and E. E. Fournier d’Albe estimated that there is sufficient energy in the 
light of a candle, 3 ft. away, to completely ionize 400 billion atoms per second, and 
all the atoms in the tablet; of 'selenium an inch square and the selenium would acquire 
the conductivity of copper. As indicated above. Fig. 28, the conductivity oi 
selenium rises rapidly for a second or two when light falls on the element; the 
conductivity then increases more and more slowly until finally it reaches a constant 
value. There is therefore an influence opposing the separation of electrons from 
the atoms. The roving electrons, however, meet atoms which have lost theii 
electrons and the electrons return to the atoms. The greater the proportion of 
electrons, the greater the proportion of positively charged atoms, and the more 
likely is combination to occur. B. E, Fournier d’Albe showed that the decrease 
in the number of ions, produced by the action of light on selenium, is proportional 
to the number of ions already present — double the number of ions of one Mnd; 
and the chances of recombination in a given time would be double ; and double 
the number of both kinds, and the chances of recombination would be doubled 
again, i.e. quadrupled. Wben the light is cut ofi from selenium the conductivity 
falls ofi rapidly, though not so rapidly as it rose, Fig. 31, and eventually returns 
to its normal value. This means, in the language of the electron theory, that tbe 
electrons at ‘first very numerous have many chances of uniting with the unmated 
atoms, but as time goes on, the electrons occupy a longer and longer time to find 
their destined companions. When light waves fall on selenium, they penetrate 
only a small distance, and the number of electrons liberated will be proportional 
to the intensity of the light, but the rate of recombination of the electrons is tb© 
same whether the selenium is illuminated or not, for it is determined by the pro- 
portion of ions present, being proportional to the square of the number of ions 
present. It therefore increases rapidly as ionization proceeds. In a short time, 
when the selenium has attained its maximum conductivity, the number of ions 
formed by light is equal to the number which recombine in the same time. Tbe 
energy of the light will then be proportional to the square of the number of ions 
formed ; that is, the current produced by light will be proportional to the square 
root of the illumination. E. E. Fournier d^Albe found this rule applicable for 
fight so faint as to be equivalent to the light from a single star ; and he added that 
if any one were to strike a match on the moon, it would be possible, by means of 
selenium, to discover the fact on earth, without the aid of a telescope, and in one 
second of time. According to the quantum theory, no ionization can ocenr if tb© 
available energy is less than one quantum, 5*2 x erg, but the eye is so sensitive 
that E. E. Fournier d^Alhe estimated that it can detect amounts of light as smali 
as 400 quanta falling on the retina per second. 

E, E. Fournier d’Albe represented the recovery curve for selenium after iUuroimtm 
by where a is a constant ; N, the number of electrons set free by Iigatj 

and the nuxnber of electrons at the time t ; and the action of light, dNldt=C—^^ > 
where G is proportional to the intensity of the incident light. When integrated m 
N, there follows N=(G/a)^ tanh an equation which represents the action m 

selenium in the given circumstances. 

The electron theory has been also discussed by C. Ries, F. C. Brown, W. Spaft; 
F. Kampf, and others. Some of these theories^ — e.g, the theory of electroM^^ 
not exclude the allotropic hypothesis. They may supplement one another. W. 
Regno, however, said that the efiect is purely electronic, and is not due to 
chemical transformation of one allotropic form into another ; and I. A. Kasamow^ 
showed that the potential of selenium always becomes more positive on iUdmiPr 
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tion, and it is lienee inferred tLat the photosensibiiity is not a reversible photo- 
ciiemicai reaction between two allotropic forms of selenium. 

C, Kies found that some selenium preparations are stronglv hvproscopie, and 
when damp.sliow a strong polarization current when used with a njiitinuoiis current. 
When a specinien is dried it shows scarcely a trace of pohirizathjn, out un exposure 
to the atmosnliere, it again shows polarization. Cells inacie ry' erystailization 
from heated selenium do not show polarization eifeets, and they possess a Llaher 
sp. resistance than wLeii moist selenium is used. A moist selenium ceil, when 
illuminated^ thus behaves like an electrolytic cell. A. 0. Eankine and J. W. Avetv 
found that the polarization or secondary e.m.f. displayed by selenium cells, and the 
abnormal effect of illumination on the corresponding secondary currents, are 
probably due to an invisible water-film in parallel with the selenium because the 
polarization disappears almost completely with prolonged drying. S. Kasarnowsky 
gave —0-77 volt for the normal potential of Se"->Se metal. W. G. Adams and 
K. E. Day observed a current, resembling in some respects the polarization current. 
With selenium between two platinum electrodes, and A. Pochettino named it a 
secondaxy current* It is not due to moisture. Unlike the j)olarization current, 
tlie effect is more marked the greater the resistance of the cell ; and unlike the 
polarization current, it is most marked in cells whose conductivity increases in light. 
The e.m.f. of the secondary current is proportional to the e.m.f. of the primary 
current, and to the sq. root o^the time. It is strongest with iron or zinc electrodes, 
and it is not a thermoelectric phenomenon. Some selenium preparations show* 
unipolar conduction, and they can be employed as rectifiers of alternating currents. 
A. H. Pfund, C. Eies, and E. Purstenau observed no sign of polarization or 
secondary current, or of unipolar conduction with thoroughly dried selenium cells. 
0. Weigel said that unipolar conduction is not a specific property of selenium, but' 
is conditional ])y the presence of moisture in the pores of selenium €?i mme. The 
rcct* lying action of seienimn cells was studied by H. Greinaclier and C. W. Miller, 
A. Pochettino, and C. Hies. H. Greinacher emphasized the analogy between the 
effect of the amperage of the alternating CTirxent on the change in resistance, and 
the intensity of the lilumiuatioii op. the resistance. E. FiAstenau showed that the 
selenium cells used hy H. Greinacher were anomalous, and C. Eies showed that the 
analogy is not characteristic of selenium. E. de L. Kionig found that the increase 
in conductivity, 3/v, with current, C, and voltage, due to electronic bombaid- 
nieiit, is in accord with 5ii7/T={l+98*5EC)^+l derived from the electronic 
theory. 

C. Agostini, G. Berndt, and L. S. McDowell found that eledrkal oscUktims 
lessen the resistance and increase the sensibility of the selenium cell ; hut 
E. F, Perreau, and A. Massini obtained only negative results. L, Amaduzzi 
observed a change in the resistance of selenium when it is exposed in a strong 
mugnetic fields and assumed that selenium shows a negative HalFs effect. 
A. D. Udden found that the ioniziiig potential of selenium vapour is 12-7 volts; 
and if this value be substituted for F in the equation ti==Fe//q the limiting fre- 
quency of the spectrum of selenium vapours is about 980 A. E. F. Perreau, and 
J. W. Giltay found that the resistance of selenium is lowered by exposure to 
inucli in the same^way as it is by illumination ; and G. Atlianasiadis represented 
the relation between the conductivity, K, and the intensity, J, of the X-rays by 
J ~ a)!/, where a and h are constants. Observations w'ere also made by 

IL Filr-stenaii, F. llimstedt, E. Mayer, and M. Meyer. If. Kiistner studied the 
sensitiveness of the selenium cell to X-rays of different wave-lengths, Blocli 
found that while the resistance of selenium was 80,100 ohms in darkness, and 
900 oliiiis in different daylight, it reached 800 ohms when protected by black paper 
and exposed to The resistance recovered very slovriy when removed 

from the inffuenee of these rays. F. C. Brown and J Stebbins found that under 
the influence of the resistance of selenium decreased 30 per cent., and that 

the recovery from tiie exposure occupies 5 times longer than for a light exposure 
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of short duration. A. M. McMahon also studied the action of X-rays, and gamma 
lays on the electrical conductivity of single crystals. R. de Kronig studied 
the edect of electronic bombardment on the conductivity of selenium. W. del 
Regno found a marked variation in the resistance of a cell exposed to mesothorium 
radiation near-by ; but when the distance is increased, the sensitiveness diminislies 
so that the sensitiveness of the cell varies with the distance between the cell and the 
nieso thorium, and with the duration of the excitation. If the excitation is not too 
intense, a relatively short time suffices for the cell to recover conditions of sensitive- 
ness almost identical with those preceding the excitation. With alternate equal 
periods of excitation and rest, the cell exhibits, after the first few cycles, an almost 
constant variation in the resistance, 'so that a single excitation is insufficient to 
indicate the time taken by the selenium to recover its original sensitiveness after 
excitation. 

E. Obach, F. Himstedt, and F. Bonola and (x. Cavino found that the resistance 
of selenium was lowered by exposure to phosphorescent light from barium carbonate, 
etc. E. van Aubel exposed a piece of selenium, of resistance 496,000 ohms, at a 
distance of about 3 cms. from the surface of hydrogen dioxide for three or four 
minutes, and the resistance decreased to 324,000 ohms. When similarly exposed 
for fifteen minutes to turpentine, the resistance diminished from 461,000 ohms to 
386,000 ohms. As light, radium rays, and X-rays produce a similar diminntion 
of the resistance of selenium, the experiments seem to show that hydrogen dioxide 
and turpentine emit rays. The resistance of selenium was also diminished bj 
exposure to ozone, and by caoutchouc or camphor which had been exposed to ozone. 
A. B. Griffiths found that when a piece of selenium was exposed at a distance of 
5 cms. from an alcoholic sola, of the pigment from geranium petals for about 15 
minxites, its electrical resistance fell from 462,000 ohms to 320,000 ohms. Similar 
results were obtained with other vegetable and animal pigments. 0. Dony- 
Henault also studied the eifect of hydrogen dioxide on the resistance of selenium; 
and C. Ries showed that many of the results attributed to difierent agents are 
really effects of moisture. J. J. T. Chabot said that a selenium cell sent out 
radiations capable of effecting a photographic plate, but G. Berndt could not 
confirm this. 


There are two types of galvanic selenium cells — electrolytic, and solid. R. Sabine 
first made the electrolytic cell by coating a metal plate with selenium on one side, 

varnishing it on the other side, and placing 
it opposite another plate in an electrolyte. 
G. M. Minchin improved this kind of cell by 
coating the flat end of an aluminium wire with 
selenium, enclosed it in a glass tube open at 
both ends, and immersed it in a soln. ol 
oenanthol opposite a platinum wire. Whm 
one electrode is illuminated, a photoelectric 
current is developed in the direction of tbe 
path of the light rays, and flows in the dec- 
trolyte from the darkened to the illuminated 
Fxg. 31, — ^Tlie Effiect of Illuminating ' electrode. Hence, the illuminated electrode 
One jEleetjPode of an Electrolytic becomes more electronegative. In the ordi- 
eemum e . nary selenium cell, the effect is due to a 

change in the conductivity of the selenium, here a definite electromotive force is 
developed. With a steady illumination, the effect is not usually constant, but 
decreases at first rapidly, and then slowly, so that finally the e.mi. attains ime 
value it had in darkness. The polarization and other properties of these cells 
studied by G. Ries, M. Reinganum, B. Glatzel, and H, Pelabon. V. P. 
observed the maximum at about 5700 A. The effect is positive, and proportional 
to the intensity to the power of two-thirds, Tk 

Solid galvanic cells are obtained by melting a thin layer of selenium between 
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two glass plates each covered with a thin film of platinum — platinuHi mirror — in 
contact w’-ith the seleiiimn. The seleuiuni niav be crystallized or virr^* ius. 
W. G. Adams and K. B. iJay first prepared thete cells, and observed that when th** 
seleniiiiii is iliuininated an e.m.f. is developecl. Tliese cells were studied bv 
S. Kalischeij C. E. Fritts, W, von Uljanin, C. Eies, A. Righi. J. W. Clark, and 
A. Pochettino. W. von Uljanin obtained from such a cell in biiniight a eurrenr of 
0-12 volt and 1*6 X 10~5 amp. 

M. ie Blanc found that when used in the form of a thin film on a 
wire as cathode in a soln. of potassium hydroxide, selenium passes into soln. as 
polyselenide, where n may be 4*4. In O-IA’-KOH, seienium, according to 
E. Miiller and R. Nowakowsky, passes into soln. with a valency of 0*6T-^>75 : and 
the potential at which soln. begins is 0*804 volt against the 0*lA^-calomel electrode. 
According to E. Miiller, no cathode depositfon potential could be observed for 
selenium from selenious acid, although selenium was seen to be deposited at about 
0*05 volt, but the first selenium deposited appears to act as an insulating diaphragm 
and prevents further deposition ; when the voltage is raised so that hydrogen is 
liberated, the selenium leaves the electrode in flakes. On adding copper sulphate 
to the sulphuric acid soln. of selenious acid, the selenium and copper are deposited 
together in a conducting form at +0*15 volt, so that all the selenium may be 
deposited at this potential. Selenium cannot be electroljdically deposited from 
selenic acid on platinum either at 20° or 80°. A. Jiiek and J. Lukas studied the 
electrodeposition of selenium ; and A, Rosenheim and M. Pritze, some complex 
selenium anions. E, Berger said that the electrode potential of selenium in a 
0*3 per cent. soln. of sodium selenide is —0*05 volt, and is independent of the 
previous history of the selenium. A. Giinther-Schulze studied the cathodic 
spluttering of selenium. F. Heinrich found the electromotive force of the cell 
Se ] If -H2SO3 and a normal electrode at 18° was one minute and 

-f 0*442 after 20 hrs. ; and after the addition of a little potassium iodide and 
sulphuric acid, 0*389 volt after one minute and 0*424 volt after 46 hrs. The e.m.f. 
of the cell Se | i¥-H‘2Se03, ¥-H2S04 with a normal electrode is —0*451 volt 
after one minute and — 0*471 after an hour ; Se j l/>H2Se03, ¥-K0H, —0*020 volt 
after 2 minutes, and —0*012 volt after 18 hrs.; Se | Ji-“N’a2Se03, ¥"H2S04, 
—0*322 volt after one minute, and —0*426 volt after 3| hrs. ; and with 
0*llf-H2SO4, —0*322 volt after a minute, and —0*258 volt after 2| hrs. the cell 
Se I ¥“H2Se04 and a normal electrode, had an e.m.f. of —0*510 volt after one minute, 
and —0*4756 after 18J hrs. ; Se | ¥-H2Se04, ¥-H2S04 and a normal electrode, 
—0*583 volt after 2 minutes, and —0*513 volt alter 48 hrs. ; Se j ¥-H2Se04, 
xU-NaOH, and a normal electrode, —3*363 volt after 2 minutes, and —0*471 
after 28 hrs. ; Se [ lI-Na2Se04, ¥-H2S04 and a normal electrode —0*297 volt after 
one min ute and —0*372 volt after one hour ; and with 0*lii'-’H2SO4, —0*346 volt 
after one minute, and —0*384 after 24 hrs. The potential at which selenium 
separates from selenious acid— reduction potential—is about +0*2 volt at 18°, 
with selenic acid, 0*15-4)*18 volt; and. for the reduction of Se0^4 to SeO'^3 
—0*412 volt. H. F. Schott and co-workers found the reduction potential of black 
selenium to be — 0*740 volt. I. A. Kasamowsky found that in the electrolysis of a 
0*0012^^-80^1. of potassium polyselenide, the selenium electrode had a potential 
of 0*404 volt at 0*4 hr., and tl^ rose to a maximum of 0429 volt after 17 hrs., 
and then fell to 0*398 volt after 42*3 hrs. M. le Blanc gave S, Se, Te, As, and Sb 
for the order in which electrodes of the elements are affected, E. H. Kennard 
and E. Moon studied the effect of illumination on the contact potential of selenium. 
F* W. Bergsteom gave for the electron^ative series in liquid ammonia : Pb, Bi, 
Sn, Sb, As, P, Te, Se, S, and I. S. R. Carter and co-workers found that the system 
Se02“Se in cone, sulphuric acid gives a reproducible oxidation potential which is 
not affected by light. Ten-fold change in cone, produce a change of 0*022~4)*028 
volt. It is assumed that selenium tetrachloride is formed as an intermediate step, 
and yi elds Se* ' “ -ions. 
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INOKGAOTC AND THEORETICAL CHEMISTRY 


A. L. Huglies^^ found that selenium exhibits the photoelectric effect giving 
photoelectrons when illuminated by the light from a mercury lamp 
phenomenon was studied by G. C. Sclunidt, F. 0. Brown, G. Zoltan, R. L* Hansoii 
and C. Ries. A. L. Hughes said that selenium becomes a conductor wfen 
illuminated by v^isible light and yet the }>hotoelectric effect sets in only when 
wave-length is less than A™2200 B. ; V. P. Barton gave 2260 A. This is in agreed 
inent with the fact that the escape of photoelectrons from the surface of mariT 
non-metallic substances requires light of shorter wave-length than is necessary ti 
produce the increased conductivity ; meaning that the long wave-length limit 
for the conductivity effect is farther towards the red than the photoelectric efet. 

C. Carpini found the photoelectric effect to he 0*247-0-32 at 8°, and 0-07 at 
making the temp, coeff . 0-0025. At the temp, of liquid air, the photoelectric effect 
is very slight, but it can be detected. W. del Regno could detect no diffeienee 
in the photoelectric emission in the dark and under the influence of light, asd 
inferred that free electrons played no part in the phenomenon. R. Bar madf 
estimates of the elementary quantum from measurements on the sub-microscapic 
particles of selenium. R. Hamer found that the photoelectric effect occurs witk 
light of wave-length over 2050 A. B. Gudden and R. Pohl, R. M. Holmes end 
N. L. Walbridge, and K. Scharf studied this subject. W. E. Tisdale examined 
the effect of gases on the photoelectric properties. W. Gerlach observed that 
with thin plates of selenium, the negative radiometer effect becomes positive if thp 
red and ultra-violet rays, for which the substance is transparent, are cut off. 
C. E. S. Piiillips found that the electrical resistance of selenium is rapidly decreaswl 
by exposure to cathode rays ; and the effect is not due to the production of X-rays. 

A. Matthiessen observed that selenium had the extraordinarily high value of 
805 microvolts for its thermoelectric force against platinum at 20° ; and W. G. Adams 
and R. E. Day said that the position of selenium in the thermoelectric series depend 
on its annealing time and temp. In any case, S. Bid well showed that if nioisto 
he excluded, the current always flows from the pilatiiium to the selenium ; aad 
R. Blondlot showed that the current flows in the selenium circuit, from the hot to 
the cold junction. F. Weidert gave 1129 microvolts for the thermoelectric force o! 
metallic selenium against platinum. R. M. Holmes and A. B. Rooney gave 
£'=l'ld~|-O*OOO170° for the thermal e.m.f. in millivolts between 0° and 180 °, of 
selenium and copper. A. Righi observed that the thermoelectric force of selenium 
between lead electrodes is 0-506 microvolt, and the thermoelectric force increase 
linearly with temp, up to the m.p. F. Weidert gave 1130 microvolts for tk 
thermoelectric force of lead and metallic selenium ; while H. Pelabon observed 
that selenium forms. good thermocouples with antimony alloys and with tin alloys. 
F. Weidert observed that the thermoelectric force decreases 3-4 per cent, wheu 
it is illuminated. R. M. Holmes observed that illumination causes a decrease of 
about 5 per cent, in the thermoelectric power of selenium, corresponding mth a 
fl.ve-fold increase in conductivity. The effect is explained by assuming that a 
decrease in the potential energies of electrons in the interatomic space causes m 
increase in the mean free path of conducting electrons. A large thermal m 
developed in a circuit formed entirely of selenium homogeneous in every resp^ 
except that a region of temp, gradient of one sign is illuminated, whilst 
the other sign is in darkness ; the illuminated selenium is positive at the ccw 
junction ; D. Todesco studied the effect of liglit on the thermoelectric curreui 
E. H. Hall studied the Thomson effect ; and W. Ogawa, the rectifying action on 
the electric current. 

According to P. A. Bonsdorff,ii> T. Seebeck, and P. Riess, selenium Ummm 
electrically negative when rubbed in dry air. E. T. Wherry said that 
-selenium are poor radio-detectors ; and I. Stransky discussed* the 
action of the selenides ; and E. Merritt studied the effect of light on seleni 
rectifiers. 0. U. Yonwiller gave 6-13 for the dielectric constant of vitreous 
with A*^oo ; and W. Kchmidt, 6-60 for A—^75. W. Spilth found the change in 
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dielectric capacity of selenium witli iliumination rims parallel witk tlie ctiaiige in 
conductivitY. S. EtTopoulos gave 7-39 at 21*7". G. L. Addenbrook -o snidied the 
relation between the dielectnc constant and the other physical properties of 
seieriium. K. Honda found the -magnetic snsceptihiity of selenium to he 
—0*32 X 10"^ mass units at 18°, and P. Curie —0*31 x 10“^ at 20°-4I5° : K. Honda, 
and T. Soae gave — 0*304 xlO~A and M. Owen, —0*32x10'"® for fused seienmm. 
J. Kdnigsberger gave — 0*50xl0~® voL units for red selenium, and —1*3 /HO""® for 
vitreous selenium. S. Meyer gave — 0*001 xl0~® for the atomic magnetisiil* 
P. Pascal gave - 235 x 10“"" for the atomic susceptibilty ; and S. S. Bhatnagar 
and C. L. Dhawan, 25*4 X 10"®. F. Ehrenhaft and E. Wasser studied the magnetic 
susceptibility of selenium ; and A. Dauvillier, the dimagnetism and atomic structure 
of selenium. C. W. Heaps found that the magnetic susceptibility is not affected 
by insolation. 
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§ 5. The Chemical Properties of Selenium 

Selenium, behaves very like sulphur in many of its reactions, but the com- 
pounds formed with selenium are less stable than those formed with sulphur. Soln. 
of the alkali selenides, for instance, are decomposed by air with the separation of 
selenium ; selenic acid is decomposed by hydrochloric acid with the separation of 
selenium — sulphuric acid under similar conditions is stable. Selenium dioxide 
acts as an oxidizing agent on ferrous, chromous, and stannous salts — sulphur 
dioxide, on the other hand, reduces ferric to ferrous salts, etc. A. von Bartel 
attributed the marked difference between the stability of several sulphur (X)in« 
pounds and that of the corresponding selenium derivatives to the preference which 
selenium exhibits for existing as a quadrivalent element, whereas sulphur exists 
rather as a bi- or sexa-valent element ; selenium should therefore not be classed 
with sulphur, but rather with tellurium which it more closely resembles. 

W. Ramsay and J. N. CollieA ^^-nd W. T. Cooke observed no evidence of com- 
bination between heated selenium and helium ; and W. T. Cooke, none with argem. 
Selenium unites directly with hydrogen under the influence of heat, forming hydrogen 
selenide. A, Ditte said that above and below the range 250°~520°, the selenide k 
disassociated — vide infra, hydrogen selenide. According to J. Papish, when 
selenium dioxide is introduced into the hydrogen-air flame, it produces a deep Hue 
luminescence in the inner zone, pale blue in the middle zone, and green in ihe 
outer zone. There is a deposition of selenium in the inner and middle zones, but 
no cle])osition in the outer zone. Hydrogen selenide produces a very faint hto 
himinescence in the inner zone, deep blue in the middle zone, and green in the outec 
zone. There is a deposition of selenium in the inner zone, hut no deposition el^ 
where. Selenium produces a luminescence coloured blue, violet, and green in me 
inner, middle, and outer zones respectively ; in this case and in all following 
cases, the element is deposited in the inner and middle zones, but there m no 
deposition in the outer zone. H. B. Weiser and A. Garrison observed the nai^ 
reaction of selenium ; selenic salt produces a blue luminescence, which is w 
most characteristic ia flames containing selenium. It is probable that ito 
luminescence is due chiefly to the reaction from selenic ion to non-ion^ed selew 
salt, A red luminescence may occur in flames containing selenium, and it is usuffif 
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intense than the blue luminescence. The red coloration is due in part to the 
colour of the vapour, in part to a purely thermal luminescence, and in part to some 
stage of the chemical reaction from the vapour of the element to the quadrivalent 
ion. A green tip in the dames in air charged with a selenium compound is not a 
luminescence, but is due to the green colour of the vapour of the dioxide, which 
appears greener by reflecting the blue luminescence just below. Selenium was 
found by J- J. Berzelius, and by F. Elrafit and 0. Steiner to have a smaller affinity 
than sulphur for osygen. J. J. Berzelius said that when gently heated in air, it 
sublimes without change, and when more strongly heated — e g. by contact with 
flame — it burns wuth a reddish-blue flame ; and it burns in oxygen with a flame 
which is white helow, and bluish-green above, and it is converted, at least partially, 
into selenium dioxide and trioxide. It remains unaltered hy oxygen in the cold. 
A- Mailfert observed that ozone, in the presence of moisture, converts selenium into 
selenic, not selenious, acid. C. F. Cross and A. Higgen found selenium exerts an 
inappreciable action on water at 160^. H. 0. Schultz s soluble form is colloidal 
selenium J. Jannek found that selenium is completely insoluble in water. 

It Hies has discussed the action of moisture in reducing the conductivity of 
ilhiiiimated selenium — vide sujpm. L. J. Thenard, and H. Fonzes-Diacon found 
that hydrogen dioxide dissolves finely divided selenium, forming selenic acid. The 
action of hydrogen dioxide in modifying the conductivity of selenium, previously 
indicated, was discussed by E. van Auhel, and 0. Dony-Henault. 

H. Moissan observed that selenium unites directly with fluorine in the cold 
giving off white fumes, and finally the selenium takes Are, forming a white, crystalline 
fluoride {q.v,). J. J. Berzelius found that when chloirme is passed over selenium, 
the solid melts with the evolution of heat, forming a brown liquid, selenium mono- 
chloride, which then forms a white solid, selenium tetrachloride {q.v,). 0. and 

C. A. Silberrad found that in addition to acting catalytically as a chlorine carrier 
ill the chlorination of toluene by sulphuryl chloride, selenium also acts similarly 
in the direct chlorination of toluene hy chlorine both in the presence and absence of 
light. Just as with sulphuryl chloride, it accelerates substitution in the nucleus 
and decreases it in the side-chain. According to G. S. Serullas, selenium and 
bromine are miscible in various proportions ; bromine rapidly combines with 
powdered selenium, and the reaction is attended by a hissing noise, and the evolution 
of heat. The mixture solidifies to a brownish-red mass of the monobromide 
{q,v.), J. B. Trommsdorff said that when selenium is heated with an eq. pro- 
portion of iodine, the mixture forms a dark grey mass from which alcohol extracts 
all the iodine. P, Guyot said that a soln. of selenium in carbon disulphide reacts 
with iodine, forming selenium moniodide. W. Engelhardt observed that colloidal 
selenium reacts slowly with a soln. of iodine and potassium iodide. According to 
J. J. Berzelius, and A. C. Schultz- Sellack, selenium is not attacked by IxydlTOcUoric 
acid. According to S. B. Carter and co-workers, red amorphous selenium does 
not dissolve appreciably in cone, hydrochloric acid during 3 days’ contact at 20°, 
even though the liquid he in contact with air. If selenium dioxide be present, 
the selenium dissolves. The solubility of selenium in 0*li!if-SeO2 and 
is 1*35 grms. per litre (within 5 per cent.). The solubility of selenium falls off 
rapidly with diminishing cone, of acid, and, on dilution of sat. soln. with water, 
the red amorphous selenium is precipitated. P. Hautefeuille said that bydriodic 
acid acts on selenium as it does on sulphur ; when the two are heated in a sealed 
tube, hydrogen selenide and iodine are formed, and on ccN)ling the reaction is reversed 
— selenium and hydrogen iodide are reproduced. L. Holla studied the reaction : 
2HI-fSe^H2Se+l2. 

Selenium unites with snlphur, forming sulphides J- Berzelius, and 

R. Bathke said that the two elements may be fused together in all proportions, 
H. Moissan and P- Lebeau found that when heated, selenium decomposes solphux 
hexafluoride ; and, according to F. Kxafft and 0. Steiner, sulphur monocMcaide* 
The latter reaction, said M. Berthelot, is in agreement with the thermal data : 
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*^^®amori.)hous“i~^^2 — 862^^2 CalS- , Stud. 2Se|;'ljoml_)l(;.-[-Cl2 — 862Cl2-j~lT*66 Cals. 
V. Leiilier and H. B. North observed that thionyl chloride has but little action on 
selenium at ordinary temp., but when heated, the reaction is symbolized- 
2S0Cl2+Se=SeCl4+S02+S ; the element is rapidly attacked by sulphnryi 
chloride with the evolution of heat and the formation of sulphur dioxide and 
selenium tetrachloride : 2S020l24-Se=SeCl4+2S02. W. Prandtl and P. Borinsky 
found that with an excess of pyrosuiphuryl chloride at 120°-140°, a mixed oxytetra- 
chloride is formed. L. A. Tschugaeff and W. G. Chlopin found that selenium forms 
sodium selenide when treated with sodium hyposulpMte, sulphur under similar 
conditions is only slightly attacked. C. Sandonnini found that when selenium 
^acts on potassium or ammonium bydrosiilphite, the total reaction may be expressed 
by the equation : 4MHS03“^2M2S04+S02+S4-2H20. This probably takes 

jjlace in the three stages, (1) M2S03+Se-->M2SSe03, (2) M2SSeO3-l-M2S03 
-{-2H[2S03~->M2S04-d-M2S30Q-}-Se-|-2Il20, and (3) M2S30e— >M2S04-j-S02-|-S. Thus, 
the true catalytic action of the selenium would cease when only one-half of the 
total sulphuric acid is formed. It is found that, when reprecipitation of the 
selenium occurs, the quantity of sulphuric acid does not correspond with one-half 
the final amount, and that the final amount is in excess of that indicated by those 
equations. These divergences may be attributable to the facts that the end of the 
initial phase cannot be gauged exactly, that the reactions become superposed, and 
that the excess of sulphur dioxide undergoes partial oxidation. The quantity of 
sulphur which separates and that of sulphur dioxide not participating in the reaction 
do not, indeed, correspond exactly with those calculable from the above reactions. 
It is possible also that secondary reactions lead to the formation first of seleno- 
thionate and thiosulphate, and afterwards of other polythionates, and that the 
formation and subsequent decomposition of these compounds give rise to the 
divergencies mentioned above. B. Rathke and H. Zschieschc found that selenium 
is insoluble in a soln, of barium sulphite, but 100 parts of potassium sulphite in 
aq. soln. dissolve 28*95 parts of selenium ; and 100 parts of magnesium sulphite in 
aq. soln. 32*35 parts. H. Uelsmann found that red selenium dissolves in a soln. of 
ammonium sulphite. F. Krafit and 0. Steiner, however, found that when selenium 
dioxide is heated in a sealed tube with sulphur at llO'^,, sulphur dioxide is formed. 
R. Weber found that selenium dissolves in liquid sulphur trioxide, forming SeSOa; 
and G. Magnus said that all the forms of selenium yield green soln. with sulphuric 
acid — vide infra. A. C. Schultz-Sellack also observed the solubility of selenium in 
forming sulphuric acid. Selenium dissolved in sulphuric acid is precipitated by the 
addition of water, and N. W. Fischer said that when the soln. is boiled, sulphur 
dioxide is evolved, and selenious acid is formed. A. Hilger added that a very 
cone. soln. of selenium does not evolve sulphur dioxide, but does so after the 
addition of more acid. R. H. Adie observed that when sulphuric acid and selenium 
are heated together sulphur dioxide, but no hydrogen sulphide, appears at ITCf. 
According to R. Auerbach, the metalloid selenium dissolves in pyrosulphuiic arid 
as diatomic molecules ; and at 130®, it changes into the metallic form and is then 
present as monatomic molecules, and the green soln. becomes yellow. By the 
addition of water to soln. of Se2 in pyrosulphuric acid, with consequent increase m 
the particle size, at 20® the colour passes from green through yellow and red to violet, 
and the metalloid is then precipitated, whilst above 130® the colour change is from 
yellow, through red, to blue and the metallic form is deposited. If, however, the 
yellow metallic soln. is coagulated at the ordinary temp.., the firsij result is the 
re-formation of the Se2 molecules accompanied by the change from yellow to green, 
i.e. in opposition to the colour-dispersity rule. After this, the colour changes 
proceed in the normal manner, and finally the metalloid is precipitated. M. 6. hevi 
and co-workers found that a soln. of potassium persulphate dissolves selenium. 
W. Prandtl and P. Borinsky represented the reaction with pyrosulphuryl chloride i 
Be+SSAO^Cl^ S038eCl4+2S024-B03. H, Littmann studied the action of selenium 
in the manufacture of sulphuric acid E. Moles found that the electrical 
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eondiictivity of sulphuric acid is not affected liv selenium, and that its eJieet on the 
f.p. agrees with the furniatioii of a polymeric form of SeS 05 . Auerbach studied 
soiii. of selenium in pyrosulplitiric acid — vide it fra. oxysulpliates. I. Pon^et 
fouiid that seleniuiii is soluble in soln. of the alkili SuIpMdes. H. Pekboii, and 
A- Dirte fiumd that molten selenium absorbs much hydrogen selenide, and on C'oolnig 
gives it oil with spitting." If some selenium, heated in hydrogen in a sealed tube, 
is powdered under water, and the latter is rapidly filtered and then exposed to the 
air, it becomes red, owing to the separation of selenium by the action of the oxygen 
vi the air on the dissolved hydrogen selenide. B. Rathke found that vitreous or 
metallic selenium is very soluble in seleninm monocMoride, and R. Schneider found 
t’nat selenium monobromide dissolves 22 per cent, of selenium. 

According to F. "Wohler, selenium combines indirectly with mtrogen lo form a 
nitride, NSe, studied by R. Espenscliied, and A. VerneuiL According to* 
J. J. Berzelius, and A. C. Schultz-Sellack, selenbira is easily oxidized to selenium 
dioxide by nitric acid, and by agua regia. C. C. Palit and X. R. Bhar said tiiat 
13 per cent, nitric acid has no action on selenium, and that 26 per cent, acid exerts 
blit a slight action in 3 lirs. J. J. Berzelius found that neither gaseous ammonia 
nor the aq. soln. lias any action on selenium, but G. Calcagui said that an aq. soln. 
of ammonia, sp. gr. 0*888, slowdy dissolves a very small proportion of selenium. 
E. C. Franklin and C. A. Kraus reported that vitreous selenium is soluble in liquid 
aiiiiTiOiiia at 25^, but G. Gore, and C. Hugot found that it is insoluble between 
—30" and 10^, and C. Hugot attributes E. G. Franklm and C. A. Kraush result to 
the use of impure selenium and incompletely dried ammonia. F. W. Bergstrom 
<howed that selenium, at —33"^ or at ordinary temp., reacts with potassium amide, 
forming a wFite precipitate which contains an explosive substance ; if the selenium 
be m excess, highly coloured polyselenides are then formed and a soluble, non- 
explosive 'potassium selenoamide. For the reducing action of hydroxylamiue salts 
and of liydrazine salts, vide supra. J. Meyer observed that both crystalline and 
amorphous selenium are soluble to a considerable extent in a cone. soln. of hydrazine 
hydrate. Selenium and phosphorus are miscible in all proportions in the fused 
state, and selenides are formed According to F. W. Bergstrom, selenium in 

liquid ammonia soln. slowly attacks arsenic. J. J. Berzelius found that molten 
selenium dissolves arsenic, forming a selenide (qrv.) ; similarly with antimony ; and, 
according to F. Rossler, with bismuth. F. Jones found that selenium has no action 
on arsine in the dark and at 100°, but a reaction occurs in sunlight ; stibine slowly 
reacts with selenium in the dark at ordinary temp, or at 100°, and a reaction readily 
occurs in sunlight. 

The union of selenium with carbon, forming carbon selenides is efiected 

indirectly, €,g, A. von Bartal obtained a selenide, C 9 Se 4 Br 2 , by heating selenium 
with carbon tetrabromide, hut H. V. A. Briscoe and eo-w^orkers could not verify 
this — only the mono- and tetrabromides, and a mixture of carbon and selenium 
was formed. H. V. A. Briscoe and J. B. Peel discussed the action of selenium 
on acetylene which results in the formation of selenophen, C 4 H 4 Se. A. Besson 
found that <mrbonyl chloride at 230° forms selenium chloride. According to 
E. Mitscherlich, 100 parts of carbon disulphide dissolve 0*5 part of vitreous selenium 
at 46*6°; and 0*016 part at 0°. C. F. Rammelsberg obtained results ranging from 
0-0267 to 0*0727 part of selenium per 100 parts of solvent at 20°, and 
E. Mitscherlich said that when vitreous selenium has been some weeks in contact 
with carbon disulphide, it forms crystalline, red seieniutn which is less easily dis- 
solved by that ineiistniuiu than befonx A similar result was pbtained by 
R. Schneider and A. P. Saunders. The latter stated that the action of light 
increases tlie solubility of selenium. E. Petersen added that vitreous selenium 
which has not been pre-heated or annealed is completely soluble in carbon disul- 
])hide at ordinary temp., but if it has been warmed, or treated with warm carbon 
disulphide, part becomes insoluble. B. Mitscherlich showed that red, monoelinic 
selenhuu is coinphdfly soluble in carbon disulphide, forming a red soln. M, Costo 
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said that metallic selenium is vslightly soIuWe in carbon disulphide, tut 
A, P. Saunders found that it is completely insoluble in that solvent ; observatiou.N 
to the contrary indicated that the selenium had not been all transformed iutu 
the metallic variety. E, Petersen found that the highest degree of puritv k 
could prepare still contained about one per cent, of soluble selenium. R. ]^larc 
gave for the solubility of his ^-metallic selenium 3-4 parts per 100 parts of solvent 
and after being kept for 2 days at ] 90^^-200'^, 2*0 parts of the resulting R-form 
dissolved in 100 pmrts of boiling solvent. W. B. Ringer found that seleaiimi 
dissolves in carbon disulphide only to the extent of one part per 1000, but witli 
sulphur-selenium mixtures selenium can be dissolved up to the extent of one part 
per 100. B. Rathke found that carbon diselenide dissolves vitreous selenium, and 
so does ethyl sulphide and ethyl selenide, hut the metallic selenium is insoluble in 
ethyl sulphide, and in carbon tetrachloride. According to C. Chabrie, selenium 
reacts with zinc ethide, forming the selenium analogue of zinc mercaptan. 

J. W. Retgers found that 100 parts of methylene iodide dissolve 1*3 parts of 
vitreous or of metallic selenium at 12°. M. Coste found that metallic selenium is 
slightly soluble in toluene, nitrobenzene, quinoline, and aniline ; A. P. Saunders 
observed its solubility in hot quinoline, ethyl benzonate, aniline and naphthalene ; 
and, added E. Beckmann and W. Gabel, quinoline reacts with selenium giving oS 
hydrogen. C. Chabrie observed no reaction between benzene and selenium in tbe 
presence of aluminium chloride. As indicated iu connection with the aUo tropic 
forms of selenium, vitreous selenium dissolves in benzene, isobutyric acid, aceto- 
phenone, acetone, chloroform, thiophene, toluene, benzonitrile, ethyl acetate, 
and alcohol, forming red crystals ; and in quinoline, aniline, pyridine, etc., forming 
metallic selenium. B. 0. Franklin and C. A. Kraus found that selenium dissolves 
in a soln. of potassium cyanide, forming potassium selenocyanate. I. Wiiiiains 
studied the action of selenium on rubber. J. Dean, and H. Stolte studied some 
organic compounds of selenium. A. Mailhe and M. Murat, K. van der Grinten, 
A. Cousen and W. E. S. Turner, S. Sugie, and H. Wayts and G. Gosyns studied tlie 
action of selenium on organic magnesium compounds ; and K. W. Rosenmund and 
H. Harms, on bromobenzoic acid. F. W. Bergstrom found that selenium in liquid 
ammonia soln. readily reacts with the cyanides of many metals, forming seleno- 
cyanides. 

The coloration of glass with selenium has been discussed by E. Kraze, 
P. Fenaroli, K. Fuwa, K. van der Grinten, and E. Zschimmer. P. Fenaroli attri- 
buted the colour produced by sulphur to the presence of polysulphides, hut in con- 
sequence of the more pronounced electro-positive character of selenium and 
tellurium, these elements have less tendency to form corresponding polyselenides 
and polytellurides, and glasses may readily be obtained in which the colour is due 
to elementary selenium or tellurium in colloidal form. The range of colour in 
presence of these elements is very much greater than in glasses coloured by sulphm, 
and the variations of colour are attributable to variations in the degree of dispersity 
of the selenium and tellurium. Glasses which contain dispersed selenium in 
the form of polyselenides have a chestnut-brown colour ; those which contain 
colloidal selenium vary from yellow to reddish- violet. The action of selemum on 
the metals is discussed in connection with the respective selenides — vide also 
hydrogen selenide for the action of mercury and its vapour. F. W. Bergstrom 
found that selenium in liquid ammonia soln. slowly attacks copper, magnesiim, and 
zinc. P. Guyot said that a soln. of selemum in carbon disulphide precipitates a 
certain number of the metals from alkaline soln. as selenides, but, excepting silver 
salts, it does not precipitate acid or neutral salt soln. F. Garelli and A. Angeleth 
could not confirm this statement, G. Calcagni found that powdered selenium 
dissolves readily in a cold soln. of 66 per cent, sodium or potassium hydroxiWt 
The reactions which occur are complex. Selenides are first formed, and these pa® 
into polyselenides and selenites. Possibly a compound analogous to thiosulphate 
is produced by tbe action of atm. oxygen on tbe selenides, and a small part of me 
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selenium may be present as sucii in the soln. The bro^n soln. are sradualiv de- 
colorized by oxygen and carbon dioxide from the air. M, Coste ak'^ found metallic 
selenium dissolves in jK>tash-]ye. E D. Hali and V. Lender found that seleniam 
is not an active reducing agent ; it reduces sola, of gold salts onlv vlien boiled : 
and with silver salts, silver selemde is formed which acts as a reducing auent towards 
gold chloride soln. P. Senderens found that powdered seieniuni acts more readily 
than sulphur on a boiling aq. soln. of silver nitraie, for the reduction wdrh selenium 
is almost complete ; the pri'cipitation of the silver by tellurium always coinpht^-^, 
and if the tellurium is in excess, the nitric acid which is formed is "decomposed 
with production of nitrogen peroxide even in dil. soln. Silvtfr nitrate in^'soln. 
is completely, although slowdy, reduced by selenium and telluriinn at the ordinarv 
temp. ; Cliprie nitrate is not affected under the same conditions, but is partialiV 
reduced by tellurium on heating. F. Garelli and A. Angeletti said that the silver 
may be precipitated completely if an excess of selenium be employed, and the soln. 
be boiled. From a neutral soln. containing silver, lead, and mercurous or mercurie 
nitrate, the silver may be precipitated completely in this wax, the aniount of 
selenium added being boiled for fifteen niinutes and filtered vrhen cold. The pre- 
cipitate is heated with nitric acid and the silver estimated as chloride. A. Gutbier 
and co-workers, and E. Kessler studied the purple-coloured substance produced 
by the deposition of selenimn on stannic hydroxide, anaiogons to purple of Cassius 
— selenium-tin purple. H. Lessheim and co-workers discussed the co-ordination 
number of selenium in its complex salts. 

Some reactions of analytical interest. — Selenium forms selenious and selenic 
acids ; the former is produced by the action of nitric acid on selenium, or by dis- 
solving the dioxide in water, and the latter, by fusing selenium with a mixture of 
alkali carbonate and nitrate, and treating the resulting alkali selenate with acid. 
"With hydrochloric acid, selenic acid behaves like a peroxide giving oi! chlorine 
when boiled, and is at the same time reduced to selenious acid : H2Se04-}-2HCi 
=H20-|-Ci2+H2Se03. Selenious acid or an alkali selenite, in aq. soln. or in dil. 
hydrochloric acid soln., when treated with hydrogen sulphide, gives a lemon-yellow 
precipitate of selenium and sulphur: HoSeOg-f-^HoS—SHoO-f Se+2S, and the 
precipitate is soluble in ammonium sulphide. Hydrogen sulphide does not give 
a precipitate with selenic acid, unless the soln. be boiled with hydrochloric acid so 
as to reduce the selenic to selenious acid. Selenic acid is not reduced by sulphur 
dioxide, but this agent, as well as other reducing agents, gives a red or black pre- 
cipitate of selenium with a soln. of selenious acid, in dil. hydrochloric acid. The 
reaction was examined by E. KelLer,^ C. Alexi, etc. A. Jouve said that one part of 
selenium in 10,000 parts of soln. can be detected by this means. H. Kose regarded 
the presence of hydrochloric acid as an essential factor in the complete reduction 
of selenium salts — vide Figs. 1 and 2. H. Eose, G. Alexi, and A, Gutbier found 
the reduction is effected by phosphorous acid ; A. Gutbier and E. Eohn, hypo- 
phosphorous acid ; J. Meyer and J. Jannek, s^um hyposulphite, w^hich enables 
one part of selenium in 20,000 parts of soln. to be detected ; A. Grak and J. Preten, 
stannous chloride ; E. Keller, ferrous sulphate ; A. Jouve, acetytoie, which enables 
one part of selenium in 100,000 parts of soln. to be detected ; F. Stolba, gltic<^ ; 
L. Kastner, or al uminium ; H. Eeinsch, copper ; A. W, Pierce, 

F. A. Gooch and W. G. Eeynolds, C. Alexi, and W. Muthnmnn and J. Schafer, 
|mtfl5S5dTim iodide and hydrochloric acid — J. F, ETorris and H. Fay, and P. Klason 
and H. Mellqiiist based a volumetric process on tliis reaction; J. Meyer and 
W. von Gam detected 0*002 per cent, of selenium dioxide by its means ; and 
P. Jannasch and M. Miiller, C. Alexi, G. PeHini and co-workers, J. Jannek, and 
A. Gutbier and co-workers, hydrazdiie salts, and hydroxylaniine i^lts- Kentral 
soln. of selenites give a white precipitate with bantun cMonde, which is soluble in 
dil, acids ; with selenates, a white precipitate insoluble in dii. acids is lomied, and 
it dissolves with the evolution of chlorine when boiled with hydrochloric acid. 
A. Hilger and E. von Gerichten found that selenious acid gives with m^nesia 
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mixture a colourless precipitate ol magnesium selenite insoluble in acids 
selenious acid, copper sulphate soln. gives a greenish-blue precipitate 
precipitation occurs witli selenic acid. G. Deniges found that soln. of selenicaY 
or scienates mixed with, a soln. ot 10 grins, of mercurous nitrate, 10 c.c. of 
acid of sp, gr. 1*39, and 100 c c. of waater, give a cr^^stalline precipitate, andsolenioTs 
acid and sclenitcs give a precipitate with necdle-like crystals. E. Schmidt detecteii 
0*0005 per cent., of selenious acid in sulphuric acid by adding 0-01 grm. of codeine 
phosphate to 10 c.c, of soln., wdien a distinct green colour is produced in a minute 
and a bluish-green coloration in 15 minutes of selenious acid is present. "Whe 
the dilution of the selenious acid is as low as 0*0001 j)er cent, the colour reactions 
can be observed with sufficient sharpness against a white surface, and in com- 
parison with a soln. of about 0*01 grm. of codeine phosphate in 10 c.c. of pme 
sulphuric acid. The process is not applicable when the sulphuric acid contam< 
iron (for example, 1 drop of ferric chloride in 10 c c. of sulphuric acid), but it isiint 
influenced by sulphurous acid, and is only retarded, not vitiated, ])y the presenr*^ 
of tcllurous acid. A sul])Iiuiic acid soln. of indigo is decolorized by selenic ackl 
When selenium or one of its compounds is melted with potassium cyanide in u 
stream of hydrogen, jiotassium sclenocyanKle is formed which does not precipitate* 
selenium when exposed to air, but does when boiled with hydrochloric acid. 
A. C. Vournasos^ obtained selenium hydride by lieating selenium with sodium 
formate to 400°. For the biological test, vide infra. The effect of selenium on the 
tests for arsenic was discussed by 0. Rosenheim. 

The physiological action of selenium. — The peculiar smell of burning seleiuTim 
was attributed by J. J. Berzelius to the formation of selenium monoxide; and 
by P. Sacc, and V. Lcnher to the presence of traces of moisture, forming hydrogen 
selenide. According to 15. Kathkc, the characteristic radish-like odour of selenium 
when heated on cliarcoal before the blowpipe is due to carbon diselenide and not 
to a selenium suboxide, F. Czapek and J. Weil found that the element selenium 
IS not poisonous. I. O. Woodruff and W. J. Gies said that when the element is taken 
in by the mouth, it is discharged 'per rectum and does no harm. F. Czapek and 
J. Weil could not demonstrate any direct toxic action of selenium compounds on 
cells, but they act poisonoiisly on the animal body as a whole, and selenites more so 
than selenates. F. Riechen described a fatal case of poisoning by sodium selenite 
in coffee. The symptons resembled those of arsenical poisoning. P. 0. Chabrie 
and L. Lapicque, F. Czapek and J. Weil, C. O. Jones, I. O. Woodruff and W. J. Gies, 
and F. Lehmann were unable to demonstrate any direct toxic action of selenium 
on the cells of the animal organism, but concluded that selenium compounds act 
poisonous ly on the animal body as a whole. The poisonous nature of the selenium 
compounds was placed beyond doubt by F. W. Tunnicliffe and 0. RosenheinL 
F. Czapek and J. Weil suggested that the selenates are reduced to selenites in the 
body. The effect of selenium is likened to that of arsenic and antimony, for it acts 
by weakening the heart, lowering the blood pressure, and paralyzing the centeil 
nervous system. I. O. Woodruff and W. J. Gies also emphasized the analogy of 
the effects produced by selenium and arsenic. Four mgxms. of the selenite or selenate 
per kgvm. of body weight in dogs, kill in a few minutes. The introduction of soluble 
salts is quickly followed by its elimination in the breath, and urine. 0. 0. Jones 
added that in the body, selenate is reduced to selenite ; a small quantity is cxcretel 
in the lirine, and the remainder is carried to the si>leen and liver, where it is rediiwi 
by dextrose to selenium ; when dextrose furnished from the glycogen is becoming 
exhausted, fat is called on. There is a retention of chlorides, a disapiiearance of 
hydrochloric acid, and a great relish for sodium chloride. This is interpreted as 
meaning that the salt raises tlie sugar in the blood to satisfy the selenite, and » 
protect the cells from toxic effects. Sodium selenite does not produce hsemolysk 
outside the body, but does so after hypodermic injection ; it is reduced to selenium 
in the portal circulation, chiefly in the spleen and liver. Only a xiroportion of the 
red corpuscles arc ha^molyzed, suggesting that those from the portai * system were 
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mised ill tiie general circulation with those wLich are unafiected. Gljcosea and 
sugar disappear in a remarkable manner after the injection. A. ll/ Eoito and 
31. Xeu^chioss found that selenium compounds augment the separation of normal 
cells in adult white rats, and diminish that of normal ceils of new-born animals, 
uiiibi vms, and of carriers of neoplasms. 

B. Gosio observed that selemtes are attacked by micro-organisras, forming a red 
«nh?tance, probably selenium. The subject was discussed by G. Joachimoglii 
and co-vorkers. In addition to the Thiohacillus tkioxidaiis, J. G. Lipman a^iid 
1 ^. A. Waksman observed that other bacteria can derive their energy from the 
oxidation of seleniiini to selenic acid. F. Lehmann found that a high cone, 
uf selenium is lethal to trypanosoineSjbut after one hour’s exposure, the cone. 1 : 5OTj 
for selenites and 1 : ICH) for selenates is not lethal. A. Nemec and T. Kas found 
that sodium selenate exerts a favourahle influence on the growth of dry mvceliuni 
in the Penicillium roqueforti connected with the cheese industry, but with the “Fenicil- 
limn candidum a toxic effect occurs when the selenate is increased beyond a certain 
limiting cone. B. Keyssner was unable to prove that selenium exerts any curative 
effect on cancer. The effect on plants was studied by A. Xemec and V. Kas, 
and B. Turina ; and as a weed-killer, as well as a fungicide or a bactericide for plant 
diseases by F. M. Lougee and B. S. Hopkins, and K. M. Stover and B. S. Hopkins. 
According to A. Maassen and co-workers, in the living organism, the selenates axe 
reduced to selenites and selenium, and in the ease of animals, the selenium is con- 
verted into selenium ethide, and in the case of baci^a, Into* selenium methide. 
0. Eosenheim found that the so-called biological test for-arsenk? applicable 

also to selenium compounds which are decomposed by Penicillium hrevicaule giving 
a very disagreeable odour resembling to some extent skatol or mercaptan. The 
test is very sensitive, 0*01 nigrm. of selenium in 1 c.c. of liquid is easily demon- 
strated by a \dgorous growth of the mould. Elemental selenium, unlike arsenic, 
is not attacked by the mould. J. Stoklasa found that both selenites and selenates 
exert a markedly injurious action on the germination of seeds. Selenates are 
much less toxic than selenites, and at a great dilution even exert a favour- 
able influence. Thus, sodium selenate at a cone, of 5 x 10 “® up to 10“^ gram- 
atoms of selenium per litre produces a stimulating effect on the growth of maize, 
but at higher cone, it is toxic. B. Turina inferred that selenium does not enter 
the mature plant system in appreciable quantities by way of the root-hairs, but 
that the root-cap plays the important role of point of entry and filtration. 

The atomic weight and valency of selenium. — Seleniuin resembles sulphur very 
closely in its typical compounds. It may be bi-, quadri-, or sexivalent. It is 
bivalent in gaseous hydrogen selenide, H2S, and in organic and inorganic selenides 
t}q)ifled by (^3)280, and K2Se ; and Se( 02^5)2 measured by Y. Tanaka and 
Y. Kagai. It is quadrivalent in a number of selemmium compounds — 
e.q. (C2H5)3SeI, and (C2H5)3Se(OH), prepared by L. Eieverling ; ^ in 
(GH3).2Cl2, and (G6H5.CH2)2BeCl2, prepared by C. L. Jackson ; in (GaHsjsSeCL, 
and {C2H5)3SeCl, prepared by B. Eathke ; in (GH2COCH3)2SeCi2, aiul 
(CH2COC4H5)2SeGl2, prepared by A. Michaelis and F. Kunckeil ; in selenium 
dioxide, Se02, and in selenious acid, SeO(OH)2 which, unlike sulphurous acid, is 
a true dihydrozyl-compound showing no signs of tautomerism; and it is also 
quadrivalent in SeO(OG2H5) obtained by A. Michaelis and B. Landmann. Selenium 
is sexivalent in the gaseous hexafluoride, SeFg, prepared by E. B. E. Prideaux, and 
probably also in selenic acid, H2Se04, and in the selenates which are isomorphous 
vith the sulphates. W. J. Pope and A. Neville prepared optically active selenium 
compounds, e.g. 

discussed by M, Schultz, E. F. Goldstein, W, J. E. Henley and S. Sugden, etc. 
Sf. Padoa, W. R. Gaythwaite and co-workers, G. K. Edwards and co-workers, and 
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G. T. Murpjan and F. H. Burstall, discussed the valency of seleiiiuni. Accord? r 
to T. M. Lowry, tlie arguments with respect to the tetrahedral coniigiiratio!! '-1 
sulphur compounds apply also to selenium. 

Tile atomic weight of seloniiini was first d(‘tcriuined by J. J. Berzelius > 

100 parts of seleniiini with chlorine. He found that this gave 179 parts of 
Hence, with chlorine 35*4584, 8e : 4CJ— 100 : 179, the at. wt. of seienima is 79.94 
J. IL A. Dumas also used this method, and from his results obtained the rafirl 
100: 178. The values with selenium tetrachloride are rather high, presinmMT 
because of a slight contamination with selenium oxychloride. E. MitscheiM 
analyzed some alkali selenates, but the results are not suitable for computing 
at. wt. F. Sacc tried reducing barium selenite and weighing the resulting hanma 
sulphate and selenium, but obtained discordant results ; and similarly also with W 
and Silver selenites. He obtained better results by converting barium selenite kto 
the sulphate, and from the ratio BaSeO^ : BaS04=100 : 88*437 obtained the at.wt 
78*587 (Ba, 137*363). F. Sacc converted selenium into the dioxide by means of 
nitric acid, but obtained poor results, J. Meyer obtained better results by coi- 
verting selenium into the dioxide in a current of nitrogen peroxide and oxygea at 
215°, and he obtained 79*135 for the at. wt. from the ratio Se : Se02, and J. Jaaaet 
and J, Meyer obtained 79*141 by this jmocess. J. Meyer also reduced the dioxide 
to selenium as a control, and F. Sacc reduced the dioxide to selenium with ammoaimi 
hydrosulphite, and obtained a ratio Se02 : Se=100 : 71*080 ; there follows the 
at. wt. 78*6. A. Schrotter similarly obtained 78*6 : and G. Elrmfl.u aid 

O, Pettersson, 79*08. 0. L. Erdmann and R. F. Marchand analyzed memuik 

selenide, and from the ratio HgSe : Hg=100 : 71*7327 there follows the at. vi 
78*883. G. Ekman and O. Pettersson also ignited silver selenite, and from the ratio 
Ag2Se03 : 2Ag=100 : 62*9002 there follows for the at. wt. 79*259. The shyer w» 
probably contaminated with traces of selenium. Y. Lenher transformed alver 
selenite into the chloride, and from the ratio Ag2Se03 ; 2AgCl=110 : 83*558, there 
follows the at. wt. 79*328. He also reduced silver bromoselenate to seleniiini by 
means of hydroxylamiue hydrochloride, and obtained the ratio (NH4)2SeBr:& 
=100 : 13*3224, which furnishes the at. wt. 79*248. O. Steiner analyzed phenyl- 
selenide, and from the ratio (C<5H5)2Se : 12002=100 : 226*536, there follows die 
at. wt. 78*97. J. Meyer electrolyzed a soln. of silver selenite in one of potassium 
cyanide, and obtained 62-9193 per cent, of silver which 3delds the at. wt. 79*155. 

P. Bruylants and A. Bytebier calculated from the density and compressibility of 
hydrogen selenide the at. wt. 79*18 ; later determinations by P. Bruylants and 
J. Dondeyne gave 79*37, and by P. Bruylants and co-workers, 79*23. F. W, Claife 
calculated for the best representative value 79*176 ; and the International Table 
for 1926 gives 79*2. 

The atomic number of selenium is 34. F. W. Aston ® found that selenium consists 
of six isotopes with at. wts, respectively 82, 80, 78, 77, 76, and 74. E. Rutherford and 
J. Chadwick, and H. Muller observed no evidence of atomic disintegration when 
seleninm is bombarded by a-rays, but H. Pettersson and G. Kirsch oliserved some 
evidence of atomic disruy^tion. The subject was discussed by G. I. Pokrowshy. 
A. L. Foley studied the action of ultra-violet light, and of X-rays on selen^ 
confined in sealed glass tubes when the spectra arc periodically examined. Tli€ 
results were indefinite. N. Bohr represented the electronic structum (2) (L 4j 
(6, 63 6) (4, 2). The subject was discussed by M. L. Huggins, W. Kistiakowsky, 
C. P. Smyth, H. Collins, H. G- Grimm and A. Sommerfcld, S.'Meyer, and C. D. bVem 

The uses of selenium.— Selenium is used in preparing a scarlet-red colour f« 
glass, glazes, and enamels.'^ S. C. Lind ® described diethyl selenide as an aua- 
knock agent for petrol . A. D . Little, and E. G. Crocker discussed the use sdemuffi 
in the production of flame-juoof, insulated, electric w'ires, paper, etc. G. Dic^w 
used colloidal selcHium as a germicide, ins(‘Hicide, fungicide, ami for preserve 
of wood ; and F. M, Lougee ami B. S. Hopkins recommended using selcmum»* 
pounds in place of sulphides. There are some applications based on its remarialw 
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?«*iisitivt-nf\ss to liglir wlic^reby ligM can be eonvertf-d into Ldt-etiical eiiergy. In 
coni auction with a relay, th^ selenium cel] can be eraployed for startmg and 
sT-opping a motor, ringing a bell, lighting lamps, firing cannons, etc., at a distaneo. 
Seleniuiii cells have bticii iiserl in the protection of safe^s, so that they give an alarm 
tTlieii exposed to the light from a burglar's lantern. They have been used for tii^ 
lighting of buoys using compressed gas. "When the sun rises in the morning, the 
resistance of the cell is lowered, and this operates a switch which causes the gas 
to be turned off ; as night approaches, the resistance of the cell increases and the 
gas is turned on again. The light of a distant lighthouse or railway signal can be 
focussed upon the cell and so indicate either the lighting up or extinction of lamps. 
Artemprs have been made to steer aerial torpedo boats auTomatically from the 
ground and so attack, say Zeppelin air-ships in mid-air. The selenium cell has 
been employed in the construction of photometers whose readings are not vitiated 
by the personal error characteristic of ordinary photometers. The selenium cell 
has been used in stellar photometry ; and in the study of the solar eclipse. Efforts 
have also been directed towards the employment of the selenium cell for dis- 
criminating differences of colour, hut not yet successfully, although there is a patent 
for a contrivance for sorting coloured objects, like cigars or unroasted coffee beans, 
automatically by the colour. The selenium ceil has been employed in the trans- 
mission of speech over 15 miles. The photogramophone is an arrangement for the 
reproduction of speech, and music. Words spoken into the transmitter superpose 
the current variations in the telephone circuit on the current flowing in the arc- 
light and cause a corresponding variation in the light. When the developed film is 
arranged so that the rays from an arc-light pass through the film and intermittently 
impinge on a selenium cell, the variations in the resistance of the cell connected 
with a telephone receiver reproduce the sounds originally spoken into the trans- 
mitter. This is a talking kinematographic film. The selenium cell has also been 
applied to the transmission of photographs over existing telephone or telegraph 
wires — ^telephotography, picture telegraphy, and in television. There are instru- 
ments also for converting light into sound through the medium of an electric current, 
and applied — optophone, phonoptikon, photophone, etc. — ^so as to enable the 
Hind to read printed books, newspapers, typewritten documents, etc. 

The varied applications are discussed in special works — C. Ries, Das Selen, Miinclien, 
1918 ; E. E. Foomier d’Albe, The Moon Elemertiy London, 1914 ; E. Bnhmer, Das Sekn 
find seine Bedeutung fur die Elehtrotechnik, Berlin, 1902 ; L. Ancel, ScieM. Amer, MoniMy^ 
1. 28, 157, 253, 1920 ; Chim. Ind.y 2. 73, 245, 1919 ; W. Spath, Naiiirwiss.^ 10. 14, 1922 ; 
H. Thirring, Zeit, tech. Bhys,^ 3. 118, 1922; V. Lenher, Joum. Ind, Eng, Chem., 12.507, 
1920; Trans, Amer. Inst. Min. Mei. Eng., 69. 1035, 1923 ; Anon., Chem. Trade Joum., 
76. 635, 1925 ; E. E. F. d’Albe, Scierd. Amer. SuppL, 83. 307, 1917 ; M. F. Eoty has compiled 
Selenium — A List of References, 1S17-19W, hTew York, 1927. 
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§ 6- Hydrogen Selenides 

J. J. Berzelius ^ discovered hydre^en selenide, iti IS 17, in Ins study of 

the action of hydrocldoric acid 0!i potassium and ferrous stdenidcs. It ran be 
obtained by the direct union of the elements. P. liaiitefeuille prepared the gas 
by beating selenium and liydrogen in a sealed tube at F. Jones, by beating 
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seleaiiiixi and hydrogen afc ordlieuy aim ]>r(\ss. ; and B. Corenwinder, by pas 
a, mixture oi hydrogen and soUmuuiu vapour over ])umice-stone at 5 
M. a Weber obtained tlio best Yi(‘Id with tfie pimuce-stone at The dpM* 

\vcr(‘. ‘13*7 per cent, at 300'' ; 48-2 ]>er cent, a-i 325*^ ; 58-0 j)er cent, at 350° ; 53^^ 
cent, at 375^^ ; 50*7 per cent, at 400" ; and 44*0 per cent, at 450°. To purify 
gas, it was limb passed through a cooling tube to condense the selenium v^oiu 
and then condensed to a solid by cooling in liquid air, and fractionally sublimed 
W. Hempel and M. G. Weber recommended this mode of preparation. P. Bruylasts 
and A. Bytebier said that the gas, dri(‘d by phosphorus peutoxide, can be condens^ 
in a freezing mixture of solid carbon dioxide a.n(l other, and x>iirified by distillation 
and sublimation. J. J. Berzelius collected the gas over mercury, and P. Bruylants 
and A. Bytebier added that if moisture ho excluded the gas does not attack mercury 
F. Wohler and 1 1. Uelsmaim prepared the gas by passing a slow current of hydro^ea 
over selenium heated to the temp, at which it va])orizes ; and R. Janiiario added 
that the union docs not occur at 350°, and the hydrogen selenide can be detected 
only wlien the selenium is near its b.p. This is not quite right, for A. Ditte, and 
H. Pelabon observed that the union of the two elements occurs in the neighbourhood 
of 250^^ ; that the S|)ced of the reaction increases pro])ortionally with a rise of temp, 
uj) to a1>out 500*° when the luoportion of hydrogen selernde which is formed attains 
a maximum, for tlicre is a decrease in the propxortion formed as the temp, rises beyond 
this value. Thus, the x>roportion of hydrogen selenide formed from its elements 
was found to be : 

20;r C5()‘’ 305“ 350“ 4-10“ 500“ 520“ 500“ 640“ 

ILSo . . 0 0*8 22-4 37'8 51-7 00*7 03-9 47*3 434 

and the xxresence of porous substances facilitate the reaction. He also showed 
that tlie reaction Il^-l-Se is reversible for hydrogen selenide, even at 150® 

suffers a slight decomposition ; the proportion dissociated increases towards 2T0® 
and then decreases as the tcmx>. rises until a minimum is reached at about 500®. 
Beyond that temp., the proportion dissociated increases as the temp, rises. Thus: 

155“ 203“ 250“ 272-5“ 305“ 325“ 350“ 440“ 

HySo . . 37*0 27*7 24-0 20-2 22-0 28*9 37-9 51-7 

H. P6iabon showed that the results observed by A. Ditte are affected to some extent 
l)y the absorption of hydrogen selenide by the liquid selenium. He said that the 
maximum proportion of hydrogen selenide formed is about 41 per cent, at 575° 
He therefore worked with the smallest excess of selenium, and obtained the results 
summarized in Fig. 32. For the fractional part of hydrogen selenide in the gas, 
that is, the ratio of the partial press, of the hydrogen selenide, y?2, to the total 
press, of the hydrogen, and the hydrogen selenide, H. Pelabon found for the 
formation of hydrogen selenide (curve BC, Fig. 32) : 

350“ 380“ 440“ 470“ 480“ 600“ 608“ 620“ 060“ 703“ 

X^^l{7h+Pz) • 28*30 35*10 37-5 38*12 39-20 41*10 39*86 39*1 3*800 

For the thermal decomposition of hydrogen selenide (curve BC, Fig. 32) : 

350“ 440“ 480“ 660“ 

?>.2/(Pid2^d - • 22-50 34*69 40-73 39-60 

The ratio of the partial press, of the hydrogen, to that of the hydrogen sdanid^ 
P2, can bo represented by log (pi/p2)='~'13170-3T””i--hl5-53 log 
denotes the absolute temp., and this agrees with the observed o 

from this that the ratio a maximum when the temp. 

confirmed by observation. The maximum at 575° indicates that the heat oi or 
tion of hydrogen selenide is zero at this temp. — vide 2. 18, 4. The calculate aw 
—17*38 Cals, is in agreement with 0. Fabre's value — 18*0 Cals, at 15 . Above 
the heat of formation should be positive and below that temp. 
lowest limit at which any direct formation of hydrogen selenide can be obse 
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(E. Fig. 32> . at 27s)''j tlie ratio i'> iioarlv 0*045. wlietLcr tLo 

-y.-tein le heated for 490 lir^. or a niontli. When hydrogen 5elerdde is key! ivi 
192 hri. or 49u hrs. at hlO', this ratio is near 0*16. whereas tiae equation fur 


km (jit p’ 2 ? requires the value U*lO. 

At litiii lower temp., the curve 
DB, Fig. 32, is produced. In 
a^eement with F. Duliem, H. Pe- 
:abon assumes that the above 
equation represents la lajne ics 
equiiihre^ ver liable — ^IBC\ Fig. 32 ; 
while the curve *1)5 separates the 
region in which hydrogen seleiiide 
decomposes from la reqio7i des 
faux equliihri^. where hydrogen 
seienide is neither decomposed nor 
formed directly from its elements, 
and the curve EB sej>arates the 
region in which hydrogen selenide 
is formed from its elements from the region of false equilibrium. M. Bodeiistein 
denied H. Pelabon’s conclusion that true equilibrium in the reaction Hsd-Se^H.jSe 
occurs only above 350^, and that both the formation and decomposition of hydrogen 
selenide comes to a standstill short of the point of equilibrium. M. Bodenstcm 
found that the reaction is catalyzed by the deposit of selenium in the containing 
vessel, and that the decomposition of the selenide proceeds slowly until selenium is 
deposited when the speed is much accelerated. The progress of the reaction 
follows the mass law dxldt=Jc{a—x)—hiX, when a denotes the initial cone, of the 
hydrogen ; or, if i denotes the masimuni value of x at the point of equilibrium, and 
the initial cone, of hydrogen unity, Jc=(ili) log HH—x). With half the bulb 
coated with selenium, X*=0*000119, when completely coated, ^=0'000251 ; and 
an increase of surface relatively to the vol. raises k to 0*000527. This shows that the 
process is mainly a wall-reaction. True equilibrium is attained even below 320°, 
thus : 





Fit;. 32 .— of IViaxieratiire on the Ft>riiiathni 
and I)ei*o!npohiti« til of Hydrogen Seleuit!*"^. 


254 =^ 274 * 301 * 

V I Formation .... 0*1388 0*1602 0*2052 

^ 1 Decomposition . . . 0*1301 0*1701 0*2040 


31. Bodeiistein could not confirm H, Pelabon's minimum dissociation at 570° — 
vide supra, hydrogen sulphide. H. Pelabon examined the indiience of pressure 
on the union of hydrogen and selenium in sealed tubes. The ratios P 2 i(P 2 ~i~pd} 
020° for press. 520 mm., 1270 mm., 1520 mm., and 30,160 mm. were respectively 
0*405, 0*402, 0*42, and 0*423. At 575° for press, of 678 mm. and 1380 mm.., the 
ratios were 0-39 and 0*403 respectively. At a much lower temp., namely, 310°, 
and press, of 580 mm. and 1520 mm., the ratios were 0*214 and 0*23 respectively. 
It follows, in agreement wuth the ordinary theory of dissociation, that, as A. Ditte 
has already observed, an increase of press, incre-ases very slightly the quantity 
of hydrogen selenide produced at a given temp., and the effect of press, is less the 
higher the temp. An. increase of press, increases the rate of formation of the 
hydrogen selenide. XT. XT. Beketoff and X. A. Czernay found that 47 per cent, of 
hydrogen selenide is dissociated at 440°, and that in the series H 2 O, H 2 S, and HoSe, 
the percentage dissociation at any temp, is greater the larger the moL wt. of the 
compound. 

A. Pleischl said that when moist selenium is sublimed, some hydrogen selenide is 
form^. E. Traiitmann said that reducing agents transform selenium into hydrogen 
selenide ; and P. Hautefeuiile observed that red or hlack seienimn is transformed 
by hydrogen iodide into hydrogen selenide ; the former process requires 2*14 Cals, 
per eq. (ic. 40-7 grms.) of hydrogen selenide, and the latter, 2*70 Cals. If cone, 
hydriodic acid and seienimn be heated in a sealed tube, hydrogen selenide is formed, 
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Iml as tlic vessel c.ools, liydriodic acid and crystalline selenium are prod ! 

J. ,r. lli'rzelius obtained hydrogen selenidc when selenium dissolves in aTl 
M. E. Rozzi-ldscut found that hydrogen selenidc is formed by the action of tt 
hydrogenasc.s- c.ry. philotliion- -on selenium. A. Etard and H. Moissan prena.^ 
hydrogen sclcnido iiy heating selenium with a hydrocarbon— c.^. oolophene—beca 
its h.p., 300, is above tlie m.p. of selenium. The reaction takes place in two statre!f 
llrst, a substitution jiroduct is formed, and this is subsequently decomposed On!? 
a mixture of carbon and unaltered I'olophcne is left at the end of the operatin' 
M. G. Weber said that the yield is poor ; the gas iiroduced contained 30-8 pet cerr 
of hydrogen sclenide along with 10-7 per cent of nitrogen ; 6-6 of hydrogen - 
of methane: 24-1 of carbon monoxide; 0-5 of carbon dioxide; 0-7 of oOTeii- 
and 7-0 per cent, of other iiydrocarhon gases. H. Wuyts and A. Stewart used paralfii 
wax at 335° -340°. A. C. Vournasos found that when a mixture of seleninm 
and sodium formate is heated to -lOO", selenium liydrido is formed in limited wi<i 
owing to decomposition of tlic gas. 

J. ,T. Rerzelius found f liat when potassium or ferrous sclenide is warmed vitli 
hydrochloric acid, hydrogen sclenide is given olT,and it can be collected over merenm 
E. Divers and T. Shimiclzui said : 

In projjanng the hy<li'(>g(>ti selenidc n'linii'ctl wo itnilaled tlio eonjinon jiroi-css of iitr. 
hydrof^on 8ulj)lu(l(‘,- An ii’on was lirst madti l>y iirojeetin^ lato a black-Kui 

lioatod ill a wiiul.-fuma<T>, a iiuxtum ot wroiij^lit-iron and seleiiiuni. In tlib 

operation niowt of tho soloniuiu was flissipatf'd in vapour. When tlio iron had grown kt 
nioro solomuni was adclod which ooinbinod with tho iron with very little loss, causing vivW 
ignition and coinploto Hqiiofac.tion of whohL TJio fluid compound was rvin into a'lnGiiltl 
and (loolod. d'ho solid mass thus obtaiiMMl was imlLstinguishable in appearance frommii 
snlphido similarly prciiarocl. Not Ixdngvory sensitive to ilxo action of acids, it was powdew! 
before being put in the aiJparatus for genoraiing tho gas, and then warmed with dil hyflro 
chloric acicl. This gave a sif'ady stream of gas. 

M. G. Weber obtained better yicldfi of hydrogen sclenide by this process thantj 
any of the others tried ; but only about half the selenium employed in preparing 
the iron selenidc is recovered as hydrogen selenide because some of it is consumed 
ill the formation of selenium-iron compounds which do not give hydrogen selenide 
with acids. H. Fonzcs-Diacon obtained hydrogen selenide by the action of water 
on alnmininm s.denidc ; P. Idruylants and co-workers found the product is of a 
high degree of purity. R. dc Forcrand and H. Fonzes-Diacon recommended tkk 
process, using water previously boiled to ensure the absence of air, and keeping tk 
alurmnium selenidc in excess ; P. Bruylants and A. Bytebier also said that tiis b 
the most satisfactory w^ay of preparing the gas ; and L, Moser and E. Doctor slowlj 
dropped the se]eiud(!i — magnesium or aluminium for preference into dil. aci. 
A. Iktrger and M. W. Neiifeld employed an apparatus for preparing the gas on He 
plan of the hydrogen sulphide generators. H. Hahn, and B. Rathke obtain^ 
hydrogen selenide by the action of water or steam on phosphorus pentaselenide, cf, 
according to W. Bogen, by the action of alcohol on the pentaselenide. ^ W. Becte 
and J, Meyer obtained the pentaselenide by intimately mixing and heating li grs®* 
of phosphorus and 66 grms. of selenium, and when this is mixed with 
warmed a little a stream of the gas is given off. If alcohol or a mixture of alcoW 
and water is employed, the current of gas is feebler. M. G. Weber found that tie 
yield is poor. L. Moser and K. Doctor jirepared the gas by dropping aluminw 
or magnesium selenide slowly into a dil. acid. F. Ephraim and E. Majler fotM 
that when the seleno phosphates arc dissolved in water, particularly warm wWj 
they are decomposed with the evolution of hydrogen seh nide: 
=M 3 F 04 + 4 :H^He. M. G. Weber said that the yield of gas is poor, and the sel» 
phosphates are not often available. M. G. Weber tried to make hydrogen 
by the electrolysis of 50 per cent, sulphuric acid using a selenium cathode, as m 
case of hydrogen telluridc, but he observed only a dLsintegration of the selenuffl? 
no hydrogen or hydrogen selenide was formed. . l a 

J. J. Berzelius described hydrogen selenide us a colourless gas whieti 
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soDietlu::” like hjdiogen siilpMde. but subsequently produces dijness and a pungent, 
and painful sensation in ail parts of tbe miicoiis membrane of tbe nose 
with winch, the gas has come in contact ; a bubble of the sas no larger than a pea 
produce^ irifiammatioii of the eyes ; destroys the ^ense of smell for several Lours ; and 
ire'- {lien tiy iirings on a cold in the head or a dry, painful cough which lasts a fort- 
night. K. cle Forcrand and H. Fonzes-Diacon said that hydrogen selenide is more 
toxic than the sulphide or teliuride. P. Bruylants and A. Byteoier found that the 
weight of a litre of hydrogen selenide under normal conditions is 3*6715 , grins., and 
later, P. Bruylants and co-workers gave 3-6624 grms. as the mean of 53 determina- 
tions. At- 1, 0*6, and 0*3 atm. press., respectively, P. Bruylants and J. Doiideyne 
found 3*6721, 3*65732, and 3*6440 grms. for the wd. of a normal litre. * K. de 
Forcrand and H. Fonzes-Diacon gave 2*12 for the specific gravity of the Equid at 
its h-p. (—42''), and for the molec^ar volume of the liquid, 38dL E. Eahmowitsch 
gave 38-3 for the mol. vol. H. Pemy discussed the structure of hydrogen -elenide. 
F. Bruylants and P. Bondeyne found for p=l-0(XX), pr=l-OOCK} ; for ; 

p,- -1-00404 ; and for |>=0*3, pr =1*00769 ; for the coeff. of compressibility, 
0*«HK}fj573; and for the de^uation from Boyle's law, between'' 

n and I atiiK, Au^="'0-l083 when calculated by Giiyehs method — 1. 5, 8 — and 0*1302 
uheii calculated from direct measurements of K. Olschewsky found that the 
gae at 0" liqiieties under a press, of 6-6 atm. ; at 18% 8*6 atm. ; at 52'', 21*5 atm. ; 
at bKip 47-1 atm. ; and at the critical temp., 137% 91-0 atm. C. J. Smith found 
the viscosity of the gas at 2^ to be 0*000168, and he calculated Sutherland's constant 
to be 365. The mean collision area of the mol. is 0-96 x 10 ^^ gq, cm. He also made 
^ome speculations on the electronic structure of the molecule. K. Olschewsky also 
found that at —68", the Kquid freezes to a solid, which, according to K. de Forcrand 
and H. Fonzes-Diacon, has a melting point of — 64°. They also gave for the vapour 
pressure at — 42°, one atm. ; at —30% 1-75 atm. ; at 0-2% 4*5 atm. ; and at .30*8% 
12 atm. P. Bruylants and J. Dondeyne gave for the vap. press., p mm. : 

-78 01^ -O.rUO® -.14 7C^ -44-35-' -41-26^ -35 98^ -25-56^ -26 77" 

p . 82*89 203*33 400*35 654*51 ' 760*83 942-41 1464*06 1799*0 

K. Olschewsky gave —41° for the boiling point at 760 nun. ; P. Bruylants and 

J. Dondeyne, — 41-2°; and R. de Forcrand and H. Fonzes-Diacon, —42°. The critical 
temperature found by K- Olschewsky is 138°, and the critical pressure, 91 atm. ; 
while R. de Forcrand and H. Fonzes-Diacon gave 137% and 91 atm. P. Bruylants 
and J. Dondeyne gave for the triple point — 65-9° and 203 mm., and for the latent 
heat of vaporization, 4-76 cals, per mol. at —41-2° ; while R. de Forcrand and 
H. Fonzes-Diacon gave 4*74 Cals., and for I!ri)uton’s constant, 20-52 indicating that 
the liquid is non- associated. They also emphasized the analogies between the 
physical constants of hydrogen selenide and sulphide, and the dissimilarities with 
those of water — cf. 1. 9, 7. M, Berthelot gave for the heat of formation {H 2 Seg^s) 
= —2*0 Cals. R. de Forcrand said that if the mol. of selenium is Se^ at its b.p., 
and the latent heat of vaporization 14-805 Cals., {SegasjH 2 gas) = ~-^*^05 Cal, 
but if the constitution of the selenium molecule changes with the heat 

of formation of hydrogen selenide may become positive. M. Berthelot said that 
the formation of hydrogen selenide at 0° absorbs heat — 5*4 Cals, with ^-selenium 
and 4*2 Cals, with "y-selenium — £yid at 1000° heat is deveIo|>ed. C. Fabre 0 bserve<l 
that the decomposition of hydrogen selenide by ferric chloride,. hy<irogen dioxide, 
and selenium dioxide is attended by the evolution of — 18*76, —18*58, and — 19*43 
(%Is. respectively ~ -the mean value the. gas is —18*88 Cals, fur vitreous seleiiiiini 
and ~ 13*22 Cals, for metallic selenium. For the heat of formation cd the gas 
from vitreous selenium he gave — 18*90 Cals. H. Felahon calculated — 17*38 Cals. 

L. Rolla obtained for amorphous selenium —16*0256 Cals. ; for monoclinic selenium, 
—17 -075 Cals. ; and for metallic selenium, —17*455 Cals. The subject was studied by 
R. de Forcrand. C. Fabre gave 9-26 (^alb. for the heat of solution. A. J. McAmis 
and W. A. Felsing found that the heat evolved when a mol of hydrogen selenide is 
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dissolved in water at 25"* is 2431 cals. ; and the increase of free energy of the reactioB 
H 2 Sesoin.-^H 2 Segas at 760 mm. is 1421 cals. 

E. de Eorcrand and H. Fonzes-Diacon found that purified liydrogen sulpiude 
showed no evidence of decomposition after being kept over mercury for 3 davs 
in darkness, but in light, only 15 per cent, remained at the end of 7 days. 
L. Moser and E. Doctor, however, said that when gaseous or liquid hydrogen 
selenide is of a high degree of purity, it is not decomposed in dayhght, but it is 
sensitive to ultra-violet light. M. G. Weber said that the decomposition of hydrogen 
selenide, in quartz bulbs exposed to the light from a mercur}^ lamp, begins in two 
minutes, and the wails of the vessel are very soon covered with a film of selenium. 
The decomposition is complete. 

M. de Hlasko found the mol. electrical conductivity, /x, of aq. soln. of hydrogen 
selenide in an atm. of hydrogen at 25° to he : 


a 

k 


0-lW- 

17*9 

0042-1- 

0-000186 


0 ()^49xV- 

0-0830 

0-000190 


0 OUTA’- 
4(r0 
0-1091 
0-000188 


0 OOSiT.V- 
59-5 
0-1410 
0-000180 


The ionization constant, has the mean value 0*000188 ; and the degree ofionm- 
tion, a, has the values just indicated. L. Eriiiier found that an aq. soln. of hydrogen 
selenide is more acidic than one of hydrogen sulx)hide ; and under atm. press., it is 
ionized to the extent of 4*1 per cent., and has an affinity constant of 0*00017. 
H. Fonzes-Diacon found that the gas explodes when subjected to electric sparking, 
selenium is deposited, and an equal voL of hydrogen is produced, M. Berthelot 
found that with the silent discharge, hydrogen selenide is decomposed as in the 
case of hydrogen sulphide : 8H2Se=7H2+H2Se^4~(S“?^)Se. J. K. Syrkin studied 
the atomic moments. 

J. J. Berzelius analyzed the gas by treating it with silver so as to form silver 
selenide and hydrogen. The results agreed with the formula H 2 Se. A. Bineau 
obtained similar results by warming hydrogen selenide with tin. E. de Forcrand 
and H. Fonzes-Diacon said that when hydrogen selenide is of a high degree of purity 
and quite dry, it is more stable than would be anticipated from its marked 
endothermal nature. J. J. Berzelius said that the gas forms water and selenium 
when it comes in contact with air and moist substances, and if those substances are 
porous like paper or wood, they are throughout stained red by the selenium. 
L, Moser and E. Doctor found that if the dry gas is in contact with dry osygCHs 
there is no reaction, but in the presence of moisture decomposition is rapid. 
According to A. W. Hofmann, the gas burns with a blue flame, forming, when oxygen 
is in excess, water and selenium dioxide, and when a lower proportion of oxygen is 
present, water and selenium are formed. Y, Tanaka and Y. Nagai found that the 
upper limit of inflammability of mixtures of hydrogen and oxygen is lowered, and 
the lower limit is raised by admixture with hydrogen selenide or ethyl selenide. 
J. J. Berzelius said that water absorbs the gas more copiously than is the case 
with hydrogen sulphide, but E. de Forcrand and H. Fonzes-Diacon observed that 
100 vols. of water absorb 377 vols. of hydrogen selenide (reduced to n.p. d) at 4*^ ; 
345 vols. at 9-65° ; 331 vols. at 13*2° ; and 270 vols, at 22*5°. A. J. McAmis and 
W. A. Felsing found for the solubility of hydrogen selenide at 760 mm. press., in 
water : # 

140“ 15® 25® 256® 35 0^ 

Mols per litre . 0-09789 0-09G11 0-08415 0-08277 0*07317 

C.c. per litre . 2194 2154 1880 1855 16-^^^ 

The solubility, of S c.c., of hydrogen selenide in a litre of water with 
hydrogen selenide at 760 mm., between 15° and 35°, can be represented by 
iS=31940*93~lT537r+0*25r2. J. J, Berzelius said that with air-free wato, the 
soln. is colourless, and has a faint odour, and hepatic taste ; it redde:^ 
and produces a permanent dark-hrown stain on the skin. When the sola, is exposed 
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to air, it becomes turbid and red. The change progresses from above downwards, 
and at length the hydrogen seleiiide is completely decomposed, and the seleniuni is 
precipitated in red iiakes. E. Divers and T Slumidsu added that an arp soln. of 
liyckogeii seleiiide is very much more sensitive to the action of air than one of 
hydrogen snlfdiide. According to K. de Forcrand and H. Fonzes-Diacon, hydrogen 
seiemde, like hydrogen sulphide, forms colourless crystals of a hydrate, H^Se.nH^O — 
probably 6H2O. The hydrate does not exist at temp, over 30'^. The heat of 
formation is 16*82 Cals. The vap. press,, p, is 760 mm. at 8°, and at 

0= li 0 -to" 5 7 30 = 14 1® 22’ 2)1' 

p . . . 34() 432 490 .397 718 1444 3800 8300 pini. 

The hydrate seems to form complexe.s with alkyl halides. According to L. Kolia 
and A. Kepetto, tiic equilibrium conditions in the balanced reaction with iodine : 
H28e-7-l2t^2HI-J“Se. If p denotes the barometric press., pj, the vap. x^ress. ut 
iodine, and p— pp— pi—G-o ; and C], C\>, and C3 respectively denote the mol. cone, 
of hydrogen iodide, hydrogen selenite, and hydrogen, ^’“(pU])-;(Ci'A^2"r^\)i^^2» 
and at 0*U, log A: --4*40711 to 4*40884 ; at IV, log A’— 4*23485 to 4*23628 ; and 
at 27^, log A— 4*13685 to 4*13801. The heat of this reaction — left to right is 
—3*95365 Cals. K. Haiitefeuille found that iodine decomposes the aq, soln., furniiiig 
hydriodic acid, and selenium, tvhich unites with the excess of iodine. A. J. Me Amis 
and W. A. Felsing found that the solubilities of hydrogen selenide at 25° and 760 nim. 
in hydriodic acid, 0-20A-, 0*40xY-, and 2*73^^-111, are respectively 1900, 1935, and 
2468 c.c. per litre, or 0*08478, 0*08634, or 0T1012 mols per litre. E. Divers and 
T. 8himidzu observed that wLen sulphur, free from sulphur dioxide, reacts at once 
with an aq. soln, of hydrogen selenide, or by bubbling the gas through water with 
sulphur in suspension, the sulphur is instantly coloured superficially, at first orange- 
red, then deep-red, and lastly, by a prolonged action, dark brown-red. Hydrogen 
sulphide is simultaneously formed : H2Se-|-S=Se+H2S. The reactions between 
hydrogen sulphide and seienious acid, and between sulphurous acid and hydrogen 
selenide, are rather complex. When a cold, dil. soln. of seienious acid is treated with 
hydrogen sulphide, a lemon-yellow, pulverulent precipitate is formed containing 
sulphur and selenium in the proportions 2 : 1. The reaction may be symbolized : 
2H2S+H2Se03«>2S-l-Se-r3H20. If the precipitate is left for some time moistened 
with carbon disulphide, it forms transparent orange-red scales with the com- 
position SeS, and the excess of sulphur is removed by the solvent. E. Divers and 
T. Shimidzu continued : If the soln. of seienious acid be warm, the precipitate with 
hydrogen sulphide is plastic and red, but another reaction also occurs, for sulphuric 
acid is formed, and the proportion of sulphur in the precipitate is less than 2*1, 
and this the more the higher the temp, of the soln. The reaction may be re]3re- 
sented z If hydrogen selenide be passed 

into a soln. of sulphurous acid, an orange-red pret ipitate of sulphur and selenium, 
approximately in the ratio 1 : 2, is formed. When a dil, soln. of sulphurous acid is 
gradually added, with constant stirring, to a cone, soln. of hydrogen selenide, 
selenium, quite free from sulphur, is precipitated. The precipitate is at first deep 
red, but, in the presence of hydrogen selenide, it changes to a brownish-red coloiur: 
SHgSe-f H2S03=3Se+H2S+3H20 ; the hydrogen sulphide then reacts with 
the sulphurous acid depositing sulphur: 2H2B+H2S03=3S+3H20, and this 
results in the formation of a precipitate cont^ning a mixture of sulphur and 
selenium approximately in the proportion 1 r 2. This mixture has been called 
sulphur dkelenide. If an excess of hydrogen selenide be used, the sulphur is attacked 
as indicated above, and a precipitate of selenium alone is formed. Some selenio^ 
thionic acid, but not pentathionic acid, is formed at the same time. H* Pelabon 
observed that molten seleniiim absorbs hydrogen selenide — Diie mpra. A. Ditte 
showed that hy mixing aq, soln. of dioxite and hydrogen selenide, pale- 

red selenium, soluble in carbon disulpMdc, is precipitated, and if the precipitate 
be kept moistened with carbon disulphide for 2 or 3 days, it forms ruby-red crystals 
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of selenium. At an elevated temp., liydrogen selenide and the soln. of sderior 
dioxide form black selenium. 

J. J, Berzelius said that the aq. soln. of hydrogen selenide is not decompfisei 
by a ^^ttle nitric acid in 12 hrs. H. Fonzes-Diacon said that hydrogen selenide dX 
not form a compound '^vith phosphine. A. Besson represented the reaction vitl 
phosphoryl chloride at 100° : 4POCi3+5H2Se=10HCl+P2Se5-}~2PO2Ci. A Bessoa 
also found that hydrogen selenide is soluble in. carbonyl chloride ; and Vnen a 
mixture of the two is heated in a sealed tube at 200°, hydrogen chloride and carter 
monoxide are formed, and at 230°, the selenium unites with the excess of carboin 
chloride, forming selenium chloride. E. Divers and T. Shimidzu said that hydro^i; 
selenide quickly permeates black, vulcanized rubber, turning it red, and tMsjx 
doubt, by a reaction with the contained sulphur. 

I. Guareschi found that hydrogen selenide is readily a])sorbed by soda-lfis. 
For the action of the gas on various metal oxides and metal salts, tHe ii/n, 
selenides. 

J. J. Berzelius said that selenium unites directly witli all the metals he tried witL 
the exception of gold, forming selenides, analogous to the sulphides. A. Oilov.Hkj 
observed that selenium has the greatest affiinity for the alkali metals ; and among ih 
heavy metals it has the greatest affinity for silver ; its affinity for copper, mercuT}’, 
iron, and lead is markedly less ; and it is quite small for platinum, chroiniaa. 
aluminium, and magnesium. E. Obach said that zinc does not act on soln. li 
selenium in carbon disulphide, tin acts only slowly, while mercury, silver, coppe, 
and lead act readily. Mercury is coloured brown by a soln. of 0*074 grm. of selenisii 
in 20 c.c. of carbon disulphide. R. J. Moss found that if selenium be placed in tfe 
vacuum produced by a mercury pump, it becomes covered with a conducting film: 
and a similar result is obtained by dipping a bar of selenium in mercury. Accordii^ 
to A. Bineau, impure mercury decomposes hydrogen selenide and at the same tina 
acquires a copper-red coloured film. As inAcated in connection with the prepay* 
tion of hydrogen selenide, the purified gas, in the absence of moisture, does nol 
attack mercury. As shown by J. J. Berzelius — in the case of cerium, manganeM. 
and zinc — soln. of the metal salts usually give brown or black precipitates of tl*? 
selenides (q.v.) when treated with hydrogen sulpliide. 
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-p>;ide into a cold solii. of three jurts of sodium carixuiate and one part of water. 
A. Clever and W. Miitrimaiin obtained the decalujdrate, Na2Sc.loH;;0. from 10 c.c. 
Mf a. 'Oiin of e«(ual parts of sodiiini hydroxide and water, afterwards fliiuted with a 
thirl part of wmter, and mixed with 6 to 7 grms of arsenic pentaselenide so as to 
..\ fan a trreat rise of temp. The liumd on standing deposits white needles insoiubie 
ii: soJa-lye, and they can be washed with that medium, and dried on a porous tile. 
Ti.e ==alt on exposure soon turns rosc-red, red, and then brown ; and when heated 
forms a brown C. Eabre also prepared the hexadecahydrate, Xa 2 Be.l 6 H 20 , 

in white prisms, by passing a current of hydrogen selenide into a soin. of one part 
of decahydrated sodium carbonate in four parts of water. The crystals melt 
in their water of crystal Kzation at 40°, and when exposed to air form sodium 
carbonate, selenium, and a little sodium selenite. The heat of soln. is —11*0 
Cals, at 14A 

J. J. Berzelius observed that potassium selenide, K^Se, can be formed by the 
direct union of the elements ; the combination is attended by infiammation by w^Mch 
a portion of the selenide is sublimed, and when an excess of potassium is present, 
there is a kmd of explosion. H. Fonzes-Diacon added that if selenium be heated 
with an excess of potassium, in an iron crucible, the monoselenide is formed and the 
excess of potassium volatilizeG. C. Hugot obtained this selenide by adding the correct 
amount of selenium to a soln. of potassium in liquid ammonia — the white, amorphous 
product is insoluble in that menstruum. J. J. Berzelius obtained the selenide by 
igniting potassium selenite or selenate in an atm. of hydrogen ; and J. J. Berzelius, 
F. Wohler, and B. Eathke, by igniting a mixture of potassium selenite or selenate 
and charcoal, J. J. Berzelius a&o obtained potassium selenide by fusing selenium 
with potassium hydroxide, or carbonate, whereby some selenite is formed at the 
same time: 6K.dH-f-3Se=K2Se03-|-2K2Se-i-3H20. C. Fabre also obtained the 
selenide by dehydrating the enneahydrate. Potassium selenide is a white, crys- 
talline mass which quickly reddens on exposure to air. B. Eathke gave 2*851 for 
the sp. gr. ; and H. Fonzes-Diacon, 2*851 at 15° ; the products obtained at the 
liigher temp may be black, brown, or grey, and possess a hepatic taste and 
smell. C. Fabre gave for the heat of formation : (H2Sesoin.5K2^soin.)=3*'^d 
Cals. I (H2Sega8,ix20soni.)=8‘46 Cals. i and 2EsoiiL.~hSesQj!i(j=K2^^soiid~l“^^*'ll Cals, 
J. J. Berzelius said that when^ potassium selenide containing an excess of 
selenium is treated with hydrochlo'ric acid, it swells up, evolves hydrogen selenide, 
and deposits selenium. When heated, the selenide becomes brownish-black ; 
and when cooled forms a hard, rose-red mass which delique^s in air, and decom- 
poses into potassium carbonate and selenite, and selenium. C. Fabre treated with 
hydrogen selenide a soln. of one part of potassium carbonate in T5 to 20 parts of 
water, and obtained a white precipitate which dissolves in the liquid and is trans- 
formed into white, needle-like crystals, of the mneahydroie, K2Se.9fl20. This 
salt rapidly changes in air. It is freely soluble in water, and has a heat of soln. of 
— 14*65 Cals, at 14°. If a soin. of one part potassium carbonate in three parts of 
water is emjdoyed, acicular crystals of the tdrojckcakydrate^ E'2Se.l4H20, are formed. 
The heat of soin. is —10*22 Gals, at 13°. If the soin. of potas^um carbonate is 
diluted to 1 : 5, crysl^is of the mneadeccdiydraley K2Se.l9H20, are formed with a 
heat of soha. of —9*60 Cals, at 14°. H. Fonzes-Diacon could not confirm the 
existence of the two latter hydrates. D. M. Liddell said that when exposed to air, 
selenium and sodium hydroxide are formed. According to J. J. Berzelius, potassium 
selenide becomes moist in air. When it contains an excess of potassium, it dis- 
solves in water with the evolution of hydrogen and forms a red soin, ; if the potassium 
is not in excess, it forms a dark reddish-brown a^ln. with water from which acids 
liberate hydrogen selenide and precipitate selenium. A similar soln. is obtained by 
boiling selenium for a long time with potash-lye. Soln. of potassium selenide with 
an excess of selenium with a little water form dark brown soln. from which selenium 
is precipitated when more water is added. The presence of alkali carbonate prevents 
the precipitation. All the soln. have a hepatic taste, and on exposure to air deposit 
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self! ti 12111 as a red powder. When the selenide is treated %vitli seleniou^ acid, 

B, Rathke said that potassiuin selenite is formed and selenium precipitated ; and 
il Far»re added that when treated with hydrogen selenide, potassium hydroselemie, 
KSeH^ is formed : K2Se;iq.-rH.jSea.'|,=2KSeH^,^— 3-3S5 Cals. 

C. L. Jackson said that when sodium selenite is reduced by heating it with carbon, 
sodium diselenide, is formed, and not the monoseienide as in the analogous 

ease of the potassium salt. C. H. Mathewson observed a break in the cooling curves 
of mixtures containing sodium diselenide corresponding with the decomposition 
of the diselenide at its m.p. 4:95' : Xa 2 Se 2 e==Xa 2 SeA-T[elt of composition B, Fig. 33, 
The diselenide is stable in the region represented by the line BC. G. H. Mathewson 
found that sodium triselenide, Xa 2 Se 3 , separates as a primary crystalline phase 
along the short hrauch of the f.p. curve, CD. At 313^, the triselenide melts with 
decomposition so that it is in equilibrium with the diselenide and the melt of con- 
centration C. The quantitative relations are lXa2Be^0*32Xa2Se2-r'Melt of com- 
position C\ namely, 1*35 niols of Xa, and 2*35 mols of Se. A. Clever and W. Muth- 
liiaiin obtained potassium triselenide, K 2 Se 3 . 2 H 20 , in brown needles, when potassium 
selenide is mixed with arsenious acid dissolved in alkali ; the crystals rapidly 
decompose and become coated with grey selenium on exposure to air. It dissolves 
in water, and the soln., when treated with acids, jnelds selenium and hydrogen 
selenide. C. Hugot observed that if an excess of selenium is treated with a soln, 

of sodium in liquid ammonia, a brown soln, is 
formed, and if the solvent is evaporated off at 
—25^, and the residue cooled to —55^, sodium 
tetraseleuide, Xa 2 Se 4 , is formed. If a soln. of 
potassium in liquid ammonia be treated in an 
analogous way, potassium tetraseleuide, 
formed. THe brown mass dissolves in water, 
forming a \doiet soln., and in liquid ammonia, 
forming a brown soln. The aq. soln. deposits 
j iV 7 ^ & m m selenium on exposure to air ; and when treated 

""AtcfTTic per ce/ 7 tSe with acids, hydrogen selenide is given off with 

Fio. 33 .™ Freezing-point Curve of the separation of selenium. 0. H. Mathewson 
the Binary System found that in the Xa-Se system, sodium tetra- 
Sodium-Belenium- selenide crystallizes primarily along the fiat curt^e 

DF, Fig. 33. It melts with decomposition at 290°, owing to the reversible action : 
lXa2Se4^04XA2Se3+Melt of composition D, namely, 1*20 mols of Xa and 2-80 
mols of Se. F. W. Bergstrom prepared sodium pentaselenide, Xa^Ses, and 
potassium pentaselenide, £ 2 ^ 65 , as well as the other polyselenides. There is no 
indication of the formation of sodium penfaselenide, Xa 2 Se 2 , on the f.p. curve ; but 
sodium iiexaseienides Xa^Se^, appears as the primary crystalline phase separating 
along the branch between B and the m.p. of selenium. The hexaselenide melts 
with decomposition at 258°, when there is the reversible action 1 X 0280 ^ 
=: 0 * 73 Xa 2 Se 4 -f Melt of composition E, namely, 0*54: mol of Xa and 3*08 mol of Se. 
There is no sign of the existence of a higher polyselenide. After the heating and 
supercooling of grey, metallic selenium, crystallization does not take place, but the 
substance gradually solidifies to an amorphous mass. The addition of OT per cent, 
of sodium is sufficient, however, to cause complete crystallization at 217°. The 
solubility of sodium hexaselenide in selenium at its m.p. is extremely small, but the 
limited miscibility may be the cause of the crystallization. Polyselenides are 
darker than grey, metallic selenium, become red and disintegrate on exposure to 
air in consequence of the separation of selenium, and are readily soluble in water, 
forming red snln., the depth of colour increasing with the amount of selenium. 

A. IhlmV'^ky - found that the affinity of copper for selenium is greater than is 
tlijit of the otfier lieavy metals with the exception of silver. A. L. Potilitzin found 
that in a sealed tube at selenium will displace 4:8*01 per cent, of sulphur 

imm cuprous sulphide. K. Friedrich and A. Leroux made a partial exploration 
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at liO^j and that the heat of the transformation is 5*405 cals. J. J olv found that ti*^ 
mi.neral gives a white sublimate at 440" in air. A. BeutaE obtained hair copper W 
heating the selenide in a sealed tube at H. Fonzes-Diacon gave 20Y*4r 

Cals, for the heat of formatioii of the crystalline selenide, and 9*7 Cals, for the pre- 
cipitated. A. de Gramont studied the spark spectrum. H. E. McKinstry observed nu 
effect when the mineral is exposed to the electric arc-light. J. W. Hittorf, J. W. Clark, 
and M. Bellati and S, Lussana found that cuprous selenide conducts electricity Hke 
a metal. M. Beliati and S. Lussana said that as the temp, rises from 23*S" to 9S*S% 
the electrical resistance increases from 0*0427 to 0*06669 ohm : and as the teini,. 
rises to 127-3'', it faMs to 0*04651 ; rising again to 0*05148 as the temp, reaches BF. 
The resistance is not altered by blue-light. T. W. Case also said that the resistance 
is not affected by light. S. Bidwell thought that the increased conductivity of 
selenium iu light is conditioned by the presence of copper selenide, but this hypo- 
thesis had to be abandoned — vide supra. However, cuprous selenide lowers the 
resistance of selenium, and also its sensibility to light, although non-sensitive 
selenium becomes sensitive when alloyed with cuprous selenide. F. T. Snyder used 
the selenide as a material for resistance coils. A. L. Williams measured the resist- 
ance of fused mixtures of selenium and copper. M. Bellati and S. Lussana found 
that the thermoelectric force of the copper selenide and lead thermocouple, as the 
cuixent passes from the lead through the hot junction to the cuprous selenide, is 
O'OglB volt at SO'', and 0*00844 volt at 160°. S. Bidwell said that if cuprous selenide 
be placed between two sheets of moist paper to act as electrodes, when a curreat 
is passed, selenium appears on the anode-paper, and copper on the cathode paper : 
and O. Weigel added that cupric selenate is also formed at the cathode and hydrogen 
selenide at the anode, E. T, Wherry found that berzelianite is a fair radio-detector ; 
and I- Stranisky discussed the rectifying action of the heavy metal selerddes. 

J. J. Berzelius found that when cuprous selenide is heated for a long time in air, part 
of the selenium is driven off, leaving brittle, fusible, seleniferous copper. Berze- 
lianite is soluble in cone, nitric acid. H. Fonzes-Diacon observed that cuprous and 
cupric selerddes are decomposed by hydrogen chloride either in sohi. or at high 
temp., in the former case, hydrogen selenide being evolved ; they are readily 
attacked by chlorine, oxidized to cupric selenite by nitric acid and dissolved by 
sulphuric acid with the evolution of sulphur dioxide. Ammonia attacks the 
cuprous selenide rather more readily than the cupric compound, whilst both sub- 
stances are partially soluble in ammonium hvdrosulphide. Cuprous selenide is 
soluble in a soln. of potassium cyanide, and E. Heyn and O. Bauer, and F. W. Hin- 
richsen and O. Bauer detected cuprous selenide in copper by warming the metal with 
an aq. soln. of potassium cyanide, and adding alcohol, and an acetic acid soln. of 
cadmium acetate when an orange-red precipitate indicated the presence of selenium. 

K. B. Rogers found that berzelianite is decomposed by heating it 10 min. at 250' 
to 300°, and 20 min. at 375° to 425° in the vapour of carbon tetrachloride and 
air. G. Tubandt and H. Eeinhold studied the reaction : Ag 2 S-rGu 2 S€^Cu 2 S 
-f-AggSe. 

F. Klockmann described a mineral which he named umangite; it occurs at the 
Sierra de Umango, La Rioja, Argentina, in dark cherry-red granular or compact 
without cleavage. The fresh fracture has a violet tinge, but it soon tarnishes, 
and the colour appears violet-blue. The analysis corresponds with ciipxffiic selemdCs 
Ca^S^, or C%Se.0uSe : 0, F. Rammelsberg gave 2Gu2S.CuSe ; and P. Groth and 
K. Mieleitner, {CUjAg)^^©^. Umangite thus resembles an earth previously obtained 
by F. Pisani from ^uth America. J. Olsacher, and G. Frebold found it in the 
Harz ; and H. Rose, and W. Geilmann and H. Rose, in Andreasberg, The sp. gr. 
is 5-62, and the hardness 3. R. 6. Harvey measured the electrical resistance. 
J. J.' Berzelius said that cupric selenide* CuSe, is precipitated when hydrogen 
selenide is passed into a soln. of cupric sulphate. L. Moser and E. Atynsky also 
prepared this compound in an analogous way. G. Little said that cupric selenide is 
formed when selenium vapour is passed over heated copper ; J. Maigottet, when 
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selenium va2)our in a cuirent of nitrogen is tassed over at a red-heat : 

H Fonzes-Diacon, by passing hydrogen selenide over anhvir.ms cimr:: chltride a: 
2hC’'^ : and J. E. G-erock obtained it as a residue when ccrn.-'-r d:E jj-ed :l ,^e c-::- 
iferoiis hydrochloric acid. P. Ptamdolir rc-gard'^d nn.anmt.^ new 

-jupric selenide, and lie called it Jdoclcmahniie. G. Littl ' analrz-d tnorit* 
and added that the sp. gr. is 6-665, whilst H. Fonzes-Eiac-n aav- :hr th- 

so. gr. at 15^. Cupric selenide forms long bluish-black, prisinati: '-ilc-. wh;-:::. 
according to H. Fonzes-Diacon, melt at a dull red-h ^r. J. d. E^rzdius. an 
H* Fonzes-Diacon said that the selenide loses half selcnlun. at a r-d-lteat. S -nj- 


chemical reactions are indicated in connection with cuprous selsnli-. C. F.iW- 
gave 9*70 Cals, for the heat of formation of the pit^cipitare. Ph E. dlcKirv.rv 
Gbserved no effect when the mineral is exposed to the electric arc-light. 

A, Orlowsky ^ found that of the heavy metals siiver has the greate.-t a than fjt 
selenium ; and, as shown by J. J. Berzelius, alloys of the two elements are reaihv 
obtained by fusion, and silver is blackened by selenium vapour, selenium Doxide. ana 
hydrogen selenide. H. Pelabon found that mixtures of siiver and selenium contam- 
ing from 5 to 60 per cent, of silver separate at 620° into two layers, the upper consist- 
ing of pure selenium, the lower of a mixture of siiver and selenium in atm. propor- 
tions ; as the proportion of silver is increased the solidifying points rise lu 
the m.p. of the selenide Ag^Se ; the eutectic 

mixture melts at 330° and contains 80*5 per cent, ^cof — j XF' 

of silver. K. Friedrich and A. Leroux added that 

mixtures of silver with more than 7 per cent. Se ^ — — 

separate into two liquid layers. The existence of ^ i — * 

the selenide AgoSe with a m.p. between 834° and ^ ^ — - 

850°, is indicated, but mixtures richer in selenium ^ ^ r--^— ^ ! 

could not be prepared, owing to loss by voiatili- ^of~" ^ ^ ^ 

zation. G. Pellini observed that the f.p. diagram, j,. ^ ~1 ' 

Fig. 35, shows that with increasing proportions of . | ^ ^ "T"" 

silver, the f.p. curve of selenium rises rapidly from ^ ' 

the m-p. of selenium, 217°, to 616° ; and then > ' T i ! I 

remains horizontal with between 45 and 52 at. per ^ Tp- 

cent, of silver ; beyond that, the f.p. ris^ rapidly ^ ^ J. 

to a maximum at 897° with _66-6 at. per cent, orsSwr S^Se- 

of siiver, with silver selenide, AggSe. Next, lenium. 
there is a sharp fall to 845° with 67-5 at. per 

cent, of silver ; this is followed by a rise to 890° when the temp, remains steady 
with from 68 to 89 at. per cent, of silver. FinaEy, the curve rises to the m.p. 
of silver. There is here no evidence of the silver diselenide* Ag^Se^s stated by 
J. J. Berzelius to be formed when silver selenide is heated with an excess of 
selenium and the excess removed by heating the product out of contact with air. 

G. Eose found a mineral at Tilkerode, Harz, whose analysis corresponded with 
the selenide, Ag^Se, or with silver lead selenide, AgaSe.bPhSe, according to analyses 
by C. E. Rammelsberg, and I. Domeyko, and Ag 2 S€, according to E. Y. Shannon. 
G. Eose called it BelensUher ; B. F. Glocker, Sdmsilherglanz or SelemilherUe'^lamz ; 
and W. Haidinger, naiimaimite — after C- F, Naumann. Occurrences in the Harz 
were also described by J. C. L. Zincken, G. Erebold, and 0. Leudecke ; in Mexico, by 
A. M. del Eio, and C. E. de Landero ; in Andreasberg, by H. Eose, and W. Geil- 
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mann and H. Rose ; in Idaho, by E. V. Shannon ; and a mineral from Cacheuta, 
Mexico, analyzed by I. Domeyko, was called by M. Adam cmlmuluite, I. Domeyko 
regarded cacheutaite as a mixture of (AgjCujgSe, (Fe,Co)Se, and PbSe. 

According to J. J. Berzelius, sEver selenide, AggSe, is prepared by melting 
together the constituent elements in thecoirect proportions; and bypassing hydrogen 
selenide into a soln. of siiver nitrate, and drying the black precipitate. J. Margottet 
obtained the selenide by heating sEver in the vapour of selemum ^ mixed with 
mtrogen. J. B. Senderens found that selenium readily acts on a boiling soln, of 
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silver nitrate : 4AgNO--:-3Se— 3H20=-^2Ag2Se~rH2^€‘03— 4HNO3 ; and E. D. Ri'' 
and V. Lenlier observed tliat tiie reactiuii occurs with a cold soln. T. Parkman 
that red selenium is hkckened by a so!n. of silver nitrate, forniiiig flakes of ^eleniun* 
dioxide, but, added R. I). Hall and V Leniier, this is a mistake since seleninrn 
dioxide is readily soluble in water; the white precijuiate was |irobahIv silver 
selenite. H. Eonzes-Diacon cuuld not make silver ch^elenide, AgoSe2, and said li 

m paruit done pas devoir extntr. P. Fischer made the selenide by elect rolv-i- 

vide copper selenide. L. Moser and K. Atynsky obtained black, unstable Silver 
selenide, Ag2Se, by the action of a klver salt on a solii. of hydrogen selenide out of 
contact wnth air ; the product loses selenium on drying, and forms complex 
with alkali hydroxides, sulphides, and seleiiides. F. Gareili and A. Angeietti coiili 
not confinn P. Guyot’s statement that from neutral or acid soln. of salt? of the 
metals, seleniiim dissolved in carbon disulphide precipitates only silver as sih^r 
selenide. In aq. soin. the silver may be precipitated completely if excess of selenrm 
is used and the liquid is boiled, the reaction corresponding with the equation: 
4AgN03-r3Se-p3H20— 2Ag2S8-rH.>Se03-r-IHN03, as indicated by J. B. Seaderen-. 
The silver may be completely precipitated in this tvay from soln. containing silver, 
lead, and mercury salts, provided the selenium added is twice the amount of tie 
silver present. J, Margottet described silver selenide as a lead-grey powder consist- 
ing of microscopic needles of hexagonal form. F. Rossler said that the selenide 
dissolves in molten silver or bismuth without suffering chemical change, for if the 
cold mass be treated with cold, diL nitric acid, or acetic acid, dendrites, and dode^'a- 
hedral crystals of the selenide are formed. Naumannite occurs in black, cm)it 
crystals, as w’eli as in granular or compact masses, or in thin plates. The cubic 
cleavage is perfect. L. S. Ranisdeii studied the X-radiogram. M. L. Hugains 
studied the atomic structure of the crystals. G. Rose gave for the sp. gr. 

H. Fonzes-Diaeon gave for the artificiai selenide 8-216 at 15^ : and M. Beilati and 
S. Lussaiia gave 7*952 at 30-17^^ for the sp. gr^ F. A. Henglein, 26*9 for the rooL 
voL M, Beilati and S. Lussana gave 0-C‘683G for the sp. ht. G. Rose gave 2-5 for the 
hardness of naumannite : and J. Margottet said that silver selenide is soft eiiougii 
to be cut with a knife. N. A. Puschin said that the silver selenium alloys are almost 
black, crystalline, and harder than either component ; and H. Rossler, and H, Debray 
saidrliat the pireseiice of small proportions greatly influence the physical propertie> 
of silver — one ])er cent, of selenium makes silver useless for many purpose -s. 
M. Beilati and A. Leruux found that there is a transition point at 133^, when the 
sp. ht. changes to D-f^6S43. The heat of tlie transformation is said to be 5-631 CaK. 
J. J. Berzelius said that silver selenide melts at a red-heat without the los.s of selenium 
and forming a siiver-wldte , ductile mass ; J, l\largottet found that selenium separates 
out at a w'liite-beat. H. Pclalxjo gave 880"^ for the m.p. ; K. Friedrich and 
A. Lexoux, between 834^ and 850" ; and G. Pellani, 897° — Fig. 35. A. Beutall 
obtained hair silver by heating the selenide in a sealed tube at 306°-600". C. Fubre 
gave for the heat of formation of the crystals from solid selenium 4*72 Cals., and for 
the precipitate, 2*48 Cals. H. E. McKinstry observed no effect wFeii naumannite is 
exposed to the electric arc-light. F. Beijerinck, and R. G. Harvey stated that 
nauiiianiiite is a conductor of eh^ctricity ; and M, Beilati and S. Lussana observed 
that silver selenide is not electrolyzed by the passage of the current. The eiectricai 
resistance at 25-6° is 0-02033 ohm, rising to 0-02240 ohm at 100°, remaining con- 
stant to 120° ; it then increases rapidly to 0*02549 ohm as the temp, rises 
to 137°, and slowdy to 0-02742 ohm kt 200-4°. F. Beijerinck found that 
natimaiinite is a conductor of electricity. M. Beilati and S. Lussana found that 
the thermoeleetric force of the silver selenide and lead couple is 0*00023 volt at 
30° : 0*00209, at 60° ; 0*Cj(J 405, at 90° ; 0*a)593, at 120° ; 0*00669, at 
140° ; 0-00759, at 160° ; and 0 - 00838 , at 180°. The current passes from the 
selenide to the lead through the hot junction. N. S. Piiselan measured the e.Ei.l 
of the cell Ag j 0“143iY-AgN03 1 AgoSe^, for different values (ff a, and found 
that the potential of the mixture is nearly constant and equal to that of pure 
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silver until 7e is unity, when there is a sudden dreri in potervi/: : 
with AgoSe, Fig, 36 ; after this further additions rause lizzie cly-^nje in the T,o^*^rx:A. 
E. T. Wlierry found naiimannite to be a poor radiodetertor. J 31 'tret nvun i thri: 
hydrogen reduces silver selenide at a red-near, 
forniing iiliforni silver. According to H. Pelabon. 
while silver readily attacks hydrogen selenide. and 4 
when in excess decom]ioses it entirely, on the other I ^ 
hand, the action of hydrogen on heated silver 
selenide is very slight, even at 620' the decom- ^ 

]/ositioii is inconsiderable, and after 4S hrs. the ^ 
ratio of gaseous hydride to total hydrogen is only ^ 

1*01. J. J. Berzelius said that when the selenide 
is heated in air for a long time it does not part 
with ail its selenium, nor does it do so even when 
fused with alkalies, or iron. H. Fonzes-Diacon said 

that when the selenide is heated in oxygen it forms ‘ " - * ‘ ^ ^ ' 

metallic silver and selenium dioxide : chlorine transforms it into silver and selenium 
chlorides; cone, hydrochloric acid attacks it at the beginning, forniing a layer of silver 
chloride ’which protects it from further attack ; and fuming nitric acid converts it into 
selenite without the loss of hydrogen selenide. J. J. Berzelius added that boiling 
acid dissolves the selenide, forming silver selenite w'hich separates out in crystals on 
cooling, or in a pulverulent form when treated with water. G. Eose added that 
naiimannite is but slowly attacked by dil. nitric acid, but dissolves fairly quickly 
in the fuming acid. J. J. Berzelius said that iron unites with silver selenide, forming 
a dark grey, granular mass. H. Pelabon said that 0*05 mol of the sulphides of arsenic, 
antimony, or bismuth per mol of silver selenide, lowers the m.p. from 880° to 
E. hlarc noted that the presence of a trace of silver selenide, say 0*03 per cent., 
hastens the speed at which selenium attains equilibrium in light. G. Tammann 
studied the chemical activity of the silver-selenium alloys ; and C. Tabandt and 
H. Eeiiihold, the reaction Ag 2 Sd-Cu. 2 Se^Cii 2 S+Ag 2 Se. 

The mineral aguilarite — named after Senor Aguilar —from a mine at Guanajuato, 
3Iexico, was described by F. A. Genth. Analyses agree with the formula Ag 4 BeB, 
or Ag. 2 S. AgoSe, silver seienosulpMde, or, according to C. P. Rainnielsb<‘rg, Ag 4 (B,Se) 2 , 
or n?Ag 2 S.'niAg 2 Se. It furnishes iron-black, skeleton dodecahedra which are often 
elongated in the direction of a cubic or octahedral axis. There is no cleavage. 
Its sp. gr. is T*586, and its hardness 2*5. An alteration product resembles a 
cupriferous stephanite, H. E. McKinstry observed no effect when the mineral is 
exposed to trie electric arc-light, R, G. Harvey measured the electrical resistance. 
E. T. Wherry said that aguilarite is a fair radiodetector, 

J. J. Berzelius described a copper silver selenide, Cu 2 Se.Ag 2 Se, occurring In a 
copper mine at Skrikerum, Sweden, and it was called eucairite — ^from 
opportunely, in allusion to its discovery soon after that of the element selenium. 
Its occurrences in Sweden were also described by W. Hisinger, and A. E. Nordensk- 
jdld ; in the Siebenbiirge, by V, R. von Zepharovich, and J. M. Ackner ; in Chili, 
by I. Domeyko ; and in the Argentine, by G. Fromme, R. Otto, and F. Klockmann. 
Analyses were reported by J. J, Berzelius, A. E. Nordenskjold, I. Domeyko, 
G, Fromme, and F. Klockmann. 0. F. Rammelsberg gave for the eoroposition 
Ag 2 Se.Cu 2 Se. J. Meyer and H, Bratke said that this is the only double selenide 
containing two different heavy metals whose existence is knowm with certainty, 
J. Margo ttet prepared artificial octahedral crystals by the method used for the simple 
sulphides. F, Eouque and A. Michel-Levy discuss^ this subject. L. S. Ramsdeii 
studied the X-radiograra, The colour of eucairite is silver-white or lead-grey, it 
occurs massive, granular, and in black films. The crystals are cubic. The sp. gr. 
is 7*50, and the hardness 2*5. J. Joly observed a red siibiiniate at 380° in air, and 
a white sub limate at 4 1 0° . A . do Gra in out st udied t he spark spect ru ni . T he mineral 
is soluble in boiling nitric acid. 
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J. J. Berzelius, H. PelaLoiu and H Uelsmann found that gold does not luntf 
with selenium w'hen the elements are heated together. X. W. Fischer observed 
selenium reduces a soln. of a gold salt at a high temp. R. D. Hall and T. Lenher aCrj 
showed that selenium has no action on soin. of gold salts unless heated neariy to toil- 
ing when the reaction : 3Se-p4AuCl3=-3SeCl44-4Au, occurs. L. Moser and K. Atvr. 
sl^ obtained black, unstable aurous selenide, AuoSe, by the action of a potassiuu 
aurous salt on a soln. of hydrogen selenide protected from air ; with an auric salt 
black auric seleiiidej Au 2 Se 3 , is formed ; and H. Fonzes-Diacon represented tie 
reaction with hydrogen selenide wEen the soin. is cold ; 2 AuCl 3 -f 3 H 2 Se= 2 Au— SSe 
+6HCI ; and when the soin Is hot there is a further reaction : 2 AUCI 3 — Se— IHAj 
==H 2 Se 04 -f 6 HCl-i- 2 Au. F. Osmond and W. C. Roberts- Austen made obserratkis 
on the structure 01 the alloy. H. Uelsmann obtained goM selenide, Au 2 Se 3 , bv 
passing hydrogen selenide into an aq. soln. of gold chloride. Light is to be exckd^r 
or the precipitate will he mixed with gold. The black, amorphous selenide has a 
sp. gr. 4-65 at 22 " : and w^hen heated, the selenium can he expelled. M. L. Hnggiiu 
studied the atomic structure. When gold selenide is heated with mercury, mercurk 
selenide is formed. A, Steigmann studied the so-called gold-selenium toning in 
photography. A, B entail obtained hair gold by heating the selenide in a sealed tube 
at 350''-600''. Gold selenide is soluble in aqua regia, and soln, of alkali sulphides: 
nitric acid dissolves the selenium ; and sulphur dioxide precipitates selemum and 
gold from the soln. in aqua regia. The product may have been a mixture. 

J. J. Berzelius prepared calcium selenide, CaSe, by heating calcium selenate to 
redness in hydrogen : and C. Fabre reduced the selenate, dried at 200°, in a current 
of hydrogen at dull redness. H. Fonzes-Diacon made calcium selenide by the action 
of selemum vapour on heated calcium ; or by the action of hydrogen selenide on 
calcium-ammonium ; and F. A. Henglein made the alkaline earth selenides by 
reducing the corresponding selenates in a stream of hydrogen at 400° for the calcium 
salt, 690° for the strontium salt, and 500° for the barium salt. M. K. Slattery used 
this process for strontium selenide. According to J. J. Berzelius, a soln, of potassium 
selenide gives a flesh-coloured precipitate when added to a soln. of calcium chloride. 
If a soln. of calcium hydroxide be sat. with hydrogen selenide and kept out of contact 
with air, dark brown crystals of calcium selenide are, formed. W. P. Davey found 
from the X-radiograms that calcium selenide has a space lattice of simple cubical 
structure with side « =2*957 A. ; and M. K. Slattery obtained similar results mtk 
strontium selenide with side 3*117 A., and barium selenide with side 3*308 A. 
I. Oftedal gave u =5*912 A., and H. Haase, <7=5*914 with the ionic distances 2*957 A. 
L. Pauling made some observations on this subject. F. A. Henglein and R. Rotii 
gave 3*57 for the sp. gr. of calcium selenide, 4*38 for strontium selenide, and 5*02 
for barium selenide ; and H. Haase, 3*81, 4*54, and 4*94. F. A. Henglein gave for 
the mol. vols. of calcium, strontium, and barium selenides respectively 33*2, 37*1, 
and 43*6 ; H. Haase respectively 31*31, 36*74, and 43*85 ; and J. Geissler respec- 
tively 33*2, 38*1, and 43*5. C. Fabre gave for the heat of formation {Ca,Se|=39*0 
Cals. ; and (CaO,H2Segas)=4*8S Cals. ; and 17*4 Cals, for the heat of soln. in dlL 
hydrochloric acid at 15°. K. Spangenberg found the index of refraction to be 
2*274, and the moL refraction 18-24 ; H. Haase found the index of refraction for 
the TI-, Z>-, and G-Iines to be respectively 2-302, 2*274, and 2-245, and the mol. 
refraction 18-22. F. A. Henglein and E. Roth said that the alkaline earth selenides 
are white, microcrystalline powders, of cubic habit. They become brown on expo- 
sure to air, and are decomposed by water. J. J. Berzelius, and C. Fabre prepared 
strontilim seleiiide, SrSe, in a similar way — vide sufra ; and C. Fabre gave for the 
heat of formation (SrO,ir 2 ^%as) =1^*29 Cals. ; and for the heat of soln. in diL 
hydrochloric acid at 15°, 16-82 Cals. K. Spangenberg gave 2*220 for the index 
of refraction, and 20*81 for the mol. refraction ; H. Haase gave for the index 0 ! 
refraction respectively for the T1-, D-, and C-lines, 2*255, 2*220, and 2*190, and 
for the mol. refraction. J. J. Berzelius prepared barium sel6iiid6» BaSe, rft 
mpra — ^whose heat of refraction is (BaO,H 2 Segas) =10*13 Cals. ; and the heat of 
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sfiln. in dil. kydrocMoric acid at 15“ 16-95 €hL=. H. Haase :iaTe for rde index of 
refraction, respectively for tae T1-, D-, and C'-iine^, 2-307. 2-2tfr, and 2-237. and ftn 
trie moL refraction. 25*43. R. Rob! observed nc daorescenee occurs vritn harnirn 
selenide in uitra-violet liglit. Barium selenide rapOEy reddens when ennosed to air. 
Tiie pure selenide does not phosphoresce after it has been exi'O-ei to li^ht. 
H. Moser, and W, E. Pauli found that phosphorescent preT.aratitns cf alhailn®- 
pank nietai selenides can be obtained by methods similar to thtse ernrd'jred fcr 
the preparation of the active sulphides. The phosphorescent sei-nides actuailv 
obtained are represented by the foxmulge : Ca(Bi^Se, Sr(Cu,Se. Sr‘'Bi,Se. Sr,Tb Se. 
Ba(Eb)Se, and Ba(Cu)Se, where the bracketed symbol refers to the metahic 
impurity present. The sensitiveness of the phosphorescence of the selenides to 
small variations in the conditions of formation — ^for instance, in the temn. to which 
they are heated, the period of heating, the admission or exclusion of air, and the rate 
of cooling — is more pronounced than that of the active sulphides. For the same 
metallic impurity,'’ the number of bands in the spectra of the selenides is smaller 
than in the spectra of the corresponding sulphides. The upper temp, limit, above 
which the active substances do not show any after-luminosity, is also much lower for 
the selenides than for the sulphides. Certain heavy metals which act as the photo- 
electrically sensitive constituents in the case of the alkaline-earth metal sulphides 
are incapable of exciting phosphorescence if present in the selenides. F. Elitteimann 
studied the phosphorescence of the alkaline earth selenides. K. Spangenberg gave 
2-26S for the index of refraction, and 25-45 for the moL refraction. H, Fonzes- 
Diacon found that oxygen oxidizes calcium selenide with incandescence, forming 
rhe selenite. The selenide is decomposed by water. Ohiorine displaces the selenium 
from the warm selenide, and bromine and iodine act similarly, but at a higher temp. 
— dull redness. Hydrochloric acid furnishes hydrogen selenide ; dil. sulphuric acid 
also gives hydrogen selenide ; but with the cone, acid, selenium is set free ; and with 
the hot fuming acid, a green liquid is formed with the evolution of sulphur dioxide. 
Fuming nitric acid dissolves the selenide without loss of selenium, forming the 
selenite. J. J. Berzelius supposed that aq. sola, of calcium hydroxide sat with 
hydrogen selenide contained calcium hyto^leuide, Ca(SeH) 2 . When selenium 
is heated to redness with calcium oxide, there remains a pale brown mixture of 
calcium polyselenide and selenite ; the brown, coke-like mass has no taste or 
smell, and it is insoluble in water, and when heated to a red-heat, selenium is given 
off and the monoselenide remains. It is decomposed by acids with the separation 
of selenium ; no hydrogen selenide is evolved, since this is decomposed by the 
selenious acid also present. A soln. of potassium selenide gives a flesh-coloured 
precipitate with strontium salts. The resulting strontiuiii polys^enidfi does not 
lose selenium at a red-heat ; but when decomposed by acids, selenium is depoated. 
Similarly also with barium polyselenide. 

According to F. Wohler,^ beryllium and selenium unite when strongly heated, 
forming a brittle, crystalline mass of beryllium jseleiiide» presumably ; but 
C. L. Parsons said that he was probably mistaken. W. Zachariasen found that the 
space lattice of beryllium selenide is a face-centred cube of side d =5*1 29 A. H. Haase 
gave 5-43 A., and for the ionic distances, 2-715 A. According to J. X Berzelius, ammo- 
nium selenide gives a flesh-coloured precipitate of the selenide when added to a soln. 
of a beryllium salt ; and with magnesium salts, miMgiiiesilim presiimably 

MgSe, is formed in a similar way. The selenide gives off selenium when ignited 
and selenium is deposited when the selenide is treated with acids. D, M. Liddell made 
magnesium selenide by dropping selenium into molten magnesium, and H. Fonzea- 
Diacon, by the action of the vapour of selenium, carried in a current of nitrogen on 
powdered magnesium. The action is slow, and the product impure. The reaction 
between selenium and magnesium powders, intimately mix^, is violent. The 
best results were obtained by the action of hydrogen selenide on anhydrous magne- 
sium chloride at a red-heat. L. Moser and K. Doctor obtained magnesium selenide 
by passing selenium vapour over the metal heated in vacuo ; and by igniting a 
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mixture of the comp'orient elenieEt- hy rxeari> of <i raatme-.hix: vSr*-. “ ^ 

IiVat brown powder is unstable in air. E. Bruch fonni the X-r.^diorran. mx- 
with a face-centred cube lattice of side a ~5-Av2 A , and a >[ . m*. /. 

siiini telluricle. G. Brimi and A, Ferrari made ob-ervarmn- "n thd -*'d* 

H. Haase gave 4*27 for the sp. gr., and 24*24 for the moL V( T. F. A, Hmrdm I',/.. 
24*4 for the niol toL : and J. Gei-^^Ier. 24*4 K. Spangenberu ann. e for the m ’ 
refraction 2*42, and for the moL refraetir^n, 15-H. H. Haase gave mr th*^ Lt Aa 
refraction for the D-Iine., 2*42. and fur the moL refraction, Ihd2. li. Fsnzs- 
Diacon said that magnesium selenide nut reduced or heatinu :r in a .:nrr-i: ' f 
hydrogen, or when admixed with carr-un. When exposed to air. the m-irnn- 
reacts, forming hydrogen selenide : and with a little w'aier. the seleniJe uire? 
hydrogen selenide, and with, a large excess of water it gives a preeirirate of 
sium hydroxide, without the evolution of gas. The supernatant , 

eontaiii a soluble magnesium liydroselenide, because it gives otT hydnicen - 

when treated with acids. Acids easily decompose magnesium selenide, arol tltr * 
acid converts the selenide into selenite without loss. Chlorine disjuaee- :ie 
selenium, and bromine and iodine vapours do the same at a higher tniiip 
According to J. J. Berzelims, a pale red precipitate of hydrated zinc 
presimiabiy ZnSe, is formed by mixing soln. of a zinc «alt and potassium 
H, Rose, and W. Geilmann and H. Eose observed its oeciirrenc^^* at And teas 
It is insoluble in -water, and decomposed in air, becoming dark r*xi. f 

that zinc and selenium combine very impt rircb y 
when fused together ; most of the seleiiiun vA- 
tilizes, and a film of sulphur-yellow selenide forn.-^ 
on the surface of the metal : but zinc s« lenitA, ZrSe, 
is readily formed, without explosion, when the vapjtT 
of selenium is passed over zinc at a re.I-heat 
L. Moser and E. Doctor passed seleijium vAp'^^ir 
over the metal heated in vacuo. M. Chikashiir^* ai.ti 
R. Kurosaura found that the fusrd elements an- nv 
appreciably miscible, and the selenide does noT d:v 
solve in either element. Hence the f.p. furve,^ hav- 
the form shown in Fig. 37. If a fused niixtnr** > 
allowed to cool, the two free elements aufi the ron- 
poimd can be detected in the soiidiiird 
under the microscope. P. Fischer obiainedi zir:'* 
selenide by an electrolytic process. J. Mar^-iAte^ 
obtained zinc selenide by passing the vapour of hydrogen selenitic ifV*T zinc at i 
red-heat ; and when the amorphous yellow' product is heated in a slow cwreBt 
of hydrogen, it forms yellowish-red cubical crystals. M. Grzenkowsky di.i u*" 
obtain the selenide free from metal by this means. H. Fonzes-Diac on i sbtain^i 
zinc selenide by the action of hydrogen selenide on the vapour of zinc chloride ; 
and M. Grzenkow'sky passed hydrogen selenide over the heated chloride and after- 
wards washed out the iindecomposed chloride by warm water in whieh the 
selenide is insoluble- H. Ponzes-Diaeon also obtained this selenide by reducing 
a mol of zinc selenate with 4 mols of carbon in an electric furnace; or bj 
melting zinc selenate in an electric arc furnace, L. Moser and K. Atynsly 
obtained lemon-yeEow zinc selenide, ZnSe, by the action of a zinc salt on hydiogta 
selenide out of contact with air. It decomposes on drying. P* Fischer made tk 
selenide by electrolysis as in the case of copper selenide {f .t\). 

A«xx>rdiag to I, Sclimdelmeiser, on adding 0^025 grm. of selenioLis acid to th© flaik 
a Maraii^s apparatnis, the evolution of hydrogen praeiieally ceased, the piec<^ of 
coated with a brown film and a fioceulent, brown-red precipitate appearing in ti» acid io&i* 
Tills prroipttate was fonnd to be a zine selenide containing from II to per cent, of 
When alnmininm and sodium hydroxide soln- were employed, i^lenions aeid also eaiMCtHw 
evolution of hydre^n to cease after a time- In no ease was a mirror obtain^i.’ 
acid aad arseniems oxide were then introduced together into a Marsh's apparatos- So 
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aoid remaineci in soln., no arsenieai mirror fj^rmod, I 
■’GJ.rated a.-' a. pre^aj^irare, the arsenie came o’ren no trace rema; 

d diargnttet rle^erlbed the crystals a? cubic, rut H. '¥■ 

,.rc i.exauosaL \dtboiit action on polarized iudct. W 
X-it.d!‘Jdram corresponds with two interpenetratin;£ i 
riut'riie type — oi side a— 5-651 A., and a eaxuiated 
W. Zachariasen, =5*661 A. L. Pauling, W. H. Rothery, arX E. 
the -patial relations of the atoms. H. Eonze-'Diacon gave fcr 
at 15^. J. Margottet gave 3-4 for the sp. ir. at 15" ; and. ?. . 
26-9 for the mol. vol. M. L. Huggins studied the atomic strucrn 
31. Grzenkowsky said that the sp. gr. is 5*27 ; and 31. Chika^hige : 
uave 5-29 at 21“ ; and added that it does not fuse below 
the heat of formation of the crystalline selenide ^ZmSenictaU = 




, iictg.cx'. gave 
'•-I the :rysta!s, 
<1 E Kutosa^ira 
, Fabre u for 
dEb ' tor 




crystalline precipitate, 34*0 Cals. ; and for the amorphous ictcrjii^ze. 


IVlien heated in oxygen, zinc selenite is 


decs mpiuses 


first formed, and thi 

into selenium dioxide and zinc oxide. According to J. J. Berzelius, me xmon- 
yellow, amorphous powder is decomposed by cold, dil. nitric atid, mth'-ut the 
evolution of nitrous fumes ; the zinc passes into soln. and the seienium remains. 
If the acid be heated, the selenium passes into soln. as selenious acid. H. Fonzes- 
Diacon «!aid that fuming hydrochloric acid dissolves the selenlde with the evolution 
of hydrogen seleiiide ; hydrogen chloride gas is almost without action. Chlorine, 
and the vapours of bromine and iodine, displace the selenium. Precipitated zinc 
selenide is yellotvish-white, and when dried over sulphuric acid in an atm. of hydrogen 
it is pale-yellow. It is quickly altered by exposure to air and is coloured red. 
3Ioist zinc selenide remains yellow if kept in darkness, but is quickly reddened in 
.--unlight ; well-dried selenide is very little altered by exposure to sunlight ; the 
oxygen of the air, as well as moisture, also reddens the yellow selenide, and this is 
also the case with hydrogen dioxide. The red colour is due to the separation of 
selenium, which can be removed by washing with carbon disulphide. Hydrogen 
dioxide also converts zinc selenide into seienate. 

31. Chikashige and R. Hikosaka observed that cadmium and selenium unite to 
form cadmium selenide, CdSe. The reaction between the elements begins to be 
appreciable at about 360^, and its velocity increases 
with rise of temp. The cadmium selenide does not 
dissolve in either of the molten elements, which are 
themselves practically immiscible. The f.p. curve 
had the form shown in Fig. 38. When, therefore, a 
mixture of the two elements is fused and cooled, the 
product consists of a mixture of cadmium selenide, 
cadmium, and selenium, w'hich are readily recognized 
under the microscope. The proportion of the com- 
pound in the product depends on the temp, to which 
the mixture had been heated and on the length 
of the period of heating. M. Kroger studied the 
mechanism of the reaction lattices between the 
vapours of cadmium, Cd, and selenium,^ Beg. 

G. Little said that selenium vapour unites with 
heated cadmium with incandescence, forming cad- 
mium selenide. J. Margottet obtained the selenide by heating cadmium in a 
current of hydrogen selenide, and subliming the product in hydrogen at a dull 
red-heat. P. Fischer obtained the selenide by an electrolytic process. M. Grzen- 
kowsky found that the selenide obtained by passing hydrogen selenide over 
heated cadmium is always contaminated with some metal, and he obtained 
better results by passing the gas over the heated chioride arw! afterwards wash- 
ing out the undecomposed chloride with warm w'ater, which does not attack 
cadmium selenide. H. Fonzes-Diacon also heated cadmium chloride in a eiirrent 
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of liydro^geii seieiiirle dil. wit a hydrogen. H. UelsmaRn, and C. Fahre 
dark brown selenkle by the action jf hydrogen seleride on a of 
chloride, sulphate, or nitrate. L 3Iu^er and K. Atynskjr male dark 
cadniiiLin selenlde as in the ease of the zinc selenide. E, Reeb * b 

hydrogen selenhle acts on ^uln. of eadniium salts very mueh like hydioien n* ^ 

G. Little converted the yellow sulphide into dark grey, tabular crr-ta> } 7 f: 
with borax. J. Margottets sublimed product appeared in black, prismati': ir. m ^ 
The colour may be pale brown, yellow, or biood-red, W. Zachariasen rx n . 
hexagonal lattice =4-30 A., and a : e=l : 1-630 : and the calculated det-uc 1 
M. L. Huggins studied the atomic structure of the crystals. G. Little ^aid ti:.- e 
s|j. gt. is 5*787 : J, Marguttet. 5-80 : H. Fonzes-Diacon, 5*81 at 15" : 51 
and R. Hikosaka. 5*81 at 16" ; and 51. Grzenkowsky, 5*61. 5L Chikaiti-u- nl 
R. Hikosaka said that cadmium selenide is infusible below 1350h C. Fa;r- 
26 Cals, for the heat of formation of the crystalline selenide, and 22*9 fab. f r * 
precipitated. Cadaiiuni selenide behaves very like zinc selenide ly-’ „ a..* 
quickly decompose cadmium selenide. but chlorine requires an elevltei ter. 
with oxygen it forms cadmium oxide and selenium dioxide. E. Reeb Lurid thi" t v 
precipitated selenide behaves very like the precipitated sulphide. 

It is doubtful if mereurous selenide, Hg 2 Se, has been prepared. G. Little = re' 
it to be formed in purple or violet, cubic crystals, of &p. gr. 8*877, by : 

from a mixture of mercury and selenium, but H. Uelsmanii showed that thb : re- 
dact is probably impure mercuric selenide. G. Pellini and R. Sacerdoti ahi Lue: 
to confirin the existence of mercurous selenide. H. Fonzes-Diacon obtained iniptre 
mercurous selenide by the action, of hydrogen selenide on mercurous chloride, it: 
if mercurous acetate, be suspended in w'ater, acidified with acetic acid. hydr'..e*z 
selenide converts it into a black powder of mercurous selenide. L. 5lcser ans 
K. Atynsky obtained a mixture of mercuric selenide and selenium by the acti.t 
of a mereurous salt on a soln, of hydrogen selenide out of contact with lU, 
According to J. J. Berzelius, when selenium and mercury are heated togethier. c* 37 
bination occurs without the emission of light. If an excess of mercury be 
the distillation of the mercury from the mixture leaves a solid, tin-w^hite, selerkd^- 
according to H. Lelsmann, J. Margottet, H. Fonzes-Diacon, and G. PelliiL: at: 
E. Sacerdoti, mereiiric selenide, HgSe — wLich, at a high temp., sublimes, wlthc:^ 
fusion, in iaminoe with a metallic lustre. On the other hand, if selenium be in eii^; 3 s 
a portion of that element first sublimes ; this is folio’wed by a grey subHmatioii wEa 
is less distinctly crystalline and finally the tin- white selenide subfimes. J. 
said that combination of vitreous selenium and mercury occurs at ordinary tezuj 
G- Pellini and R. Sacerdoti found that at ordinary press., the combination of mgr^ar; 
and selenium, under the action of heat, takes place slowly, and that an exee.s? d 
selenium is necessary for the preparation of mercuric selenide, HgSe. The eieew 
of selenium can be separated from the crystalline selenide by slow fractional 
tion. If the two elements are mixed in at. proportions, complete eombmation oeeisw 
only in a sealed tube, when heated to. 350'^--600® for some time. The viscid amalgaffis 
obtained by triturating mercury and selenium in a mortar consist of mixtsM ct 
mercury and mercuric selenide. Mixtures of the two elements contairiisg 
98 at. per cent, of selenium undergo partial fusion, and there is an arrest m 
cooling ounces at 132°-139° ; while the heating curves show an arr^^t at 
when the m.p. of selenium is 220°. Mercuric selenide dissolves very spansfy 
in selenium even at a high temp. ; the arrest in the heating curves at 216y218 
corresponds with the eutectic Se+HgSe ; while the arrest at 132^-134“ in 
cooling curves corresponds with the rapid transformation of surf used selenuim xK* 
the stable, metallic form. M. Grzenkowsky found that when hydrogen 
is#passed over heated mercury, the resulting selenide can be freed from merciirjy? 
heating the pnxiuct in a current of hydrogen. H. Foiizes-Diacou obtained iUiU-e 
crystals of mercuric selenide by the action of hydrogen selenide on the 
mercuric chloride. H. Uelsmann obtained mercuric selenide by passing byaT'-f^Si 
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^eieaide into a soln. ol mercuric cHoride. At first merourk selemcrdoriie, HgSeCl 
IS precipitated, but tMs soon passes into tke selenide. L. Moser and K. Atvnskv 
obtained black mercuric selenide in an analogous tray. 

H. Eose found at Tiikerode, Harz, a mineral whicli he regarded a=: a nuxnire of 
lead and mercury seienides, and 'which. C. M. Marx found to be a compryond of 
selenium and mercury, C. E. Naumann called it tiemannite — after W. Tiemann. 
Occurrences in otlier parts of the Harz were described by W. J. Jordan. C: I. Ram- 
meisberg, G. Frebold, H. Eose, W. Geilmann and H. Rose, and B. Kerl : in Cali- 
fornia, by J. H. Dana, I Domeyko, and G. F. Becker : in Utah, It G. J. Brush, 
and S, L. Penfieid ; and in the Sierra de Umango, Argentine, bx“ F. Kiockrnann. 
The best representative value of the analyses, reported by B. Kerl, T. Petersen. 
C. F. Rammelsberg, S. L. Penfieid, and F. Klockmann, is HgSe. although C. F, Ram- 
meisberg gave Hg^Seg, which he was inclined to regard as a mixture of meicuiie 
and mercurous seienides, 4HgSe-fHg2Se. W. Geilmann and H. Rose obsert-'ed 
that tiemannite grows as a solid crust on clausthalite in contact with mercuric 
chloride at 300''. The mineral commonly occurs in steel-grey or dark lead-grei' 
compact or granular masses ; it also occurs in cubic crystals, usually tetrahedral in 
habit, and exhibiting twinning about a trigonal axis. There is no cleavage, 
according to F. Fouque and A, Michei-Levy. The violet or purple, cubic crystals 
obtained artificially by G. Little, and the steei-grey, octahedral crystals by H.^Uels- 
mann, and J. Margottet, have not been definitely identified with tiemannite. 
W. F. de Jong found that the X-radiogram indicates a space-lattice like sphalerite 
with side a=841 A. : and the distance between the selenium and mercury atoms, 
2*62 A. W. Hartwig's X-radiogram corresponds with a space-lattice of the zinc- 
biende type. W. Zachariasen gave for the four-centred cubic lattice u =6*^068 A. 
M. L. Huggins studied the atomic structure of the crystals. B, Xerl gave 7*10 to 
7*37 for the sp. gr. of the mineral ; T. Petersen gave 7*15 ; and S. L. Penfieid, 8*305 
to 8*473. The lower values probably apply to impure specimens. J. Margottet 
found 8*165 to 8*21 for the sp. gr. of the artificial selenide ; H. Fonzes-Diacon, 
8*207 at 15''’ ; and M. Grzenkowsky, 7*78. F. A. Henglein gave 34*1 for the mol, 
vol. The hardness of the mineral is about 2*5. H. Fonzes-Diacon found that 
when mercuric selenide is heated in a closed tube, it subhmes without melting, 
while mercurous selenide gives a sublimate of mercuric selenide and mercury 
droplets. C. Fabre found that the heat of formation of the crystalline selenide 
from its elements is 19*70 Cals., and for the precipitated selenide, 16*00 Cals. 
F. Beijerinck, and R. G. Harvey said that the mineral is a good conductor of 
electricity. E. T. Wherry found tiemannite to be a fair radio-detector. 

According to H. Peiabon, mercury selenide is attacked by hydrogen at temp, 
above 400° with the production of hydrogen selenide and mercury, the reaction being 
limited by the inverse action of hydrogen selenide on mercury. The proportion 
of hydrogen selenide found in the gaseous products of the reaction increase with the 
temp . and with a diminution of the initial press. Thus, at 540° with an initial press, 
of 760 mm. equilibrium is attained when 15 per cent, of hydrogen selenide is present, 
w^hilst at 440° only 0*52 per cent, is formed. On the other hand, with initial press, 
of about 380 mm. and 190 mm. at 540°, the percentages of hydrogen selenide formed 
become 19 and 27 respectively. . When heated in dry oxygen mercuric seienide 
gives a sublimate of selenium dioxide, and this is followed by brown vapours which 
condense to mercurous selenite ; mercurous selenide also forms selenite when 
heated in oxygen. Hydrogen dioxide converts mercuric selenide into selenate and 
seleiiic acid. Cone., boiling hydrochloric acid does not attack mercuric selenide, and 
if heated in hydrogen chloride, the mercuric seienide sublimes. Boiling sulphuric 
acid gives sulphur dioxide, forming mercury sulphate, and a green liquid contemiiig 
free selenium. J. J. Berzelius found that mercuric selenide readily dissolve in 
cold aqua regia, forming mercuric selenite, while continued boiling with nitric acid 
converts it into mercurous selenite. H. Fonzes-Diacon found that mercurous 
selenide is easily attacked by cone, nitric acid, but the attack soon because of 
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tlie formation of a protectire film ui mercnrnns selenite. E. EeAo .-ait’I i' »- 
of its properties mercuric selenide t'chave? like mereuric sulphide. 

H. Rose said that mercuric sulphide and s<^len:de are i.- fmoTT h' tu- 
miscible, as solid soln., in all proportion^. The Aoniorphous ntixture v- 
by a mineral described by €, M. Kersten. and H. Rose a in 

A. Breitliaupt called it mercurfj (jhihce ; and W. Haindinger, onefrite, ir rrf-*n- 
to the fact that it was first obtained from San Onofre, Mexico. Thi- mar • ^ * 
sulphoselenide of mercury described by A. 3L del Eio in IS28, to which alhi-. n A ^ 
been made in connection with the occurrence of selenium. Occurrence- ah'., ij* » 
been reported in Marysville, Utah, by G. J. Brush, J. S. Xexrberry, and S. L, p-r- 
field ; and in Kwei-Ckau, China, by P. Termier. Analyses detailed Lt H. R- 
S. L. Penfield, G. J. Brush, and P. Terraier, indicate that the rrineml ma*' A ,, 
merenrie SlilpllCSelGniiej HgSe.HgS, associated with more or less mercuric -uu i* 
— say, HgSe.HgS A3HgS — or else, as S. L. Peniield regarded it, an isoruf rf cr*^. 
mixture of mercuric sulphide and selenide, Hg|S,Se). It occurs eommcn dtc 
granular, and of a greyish-black colour. M". Hartwjg found that the spac^^-ld^^ir- 
is of the zinc-blende type. The sp. gr. given b}’ G. J. Brush ranges frcm 7*f)l t. 
7-63 ; and by S. L. Penfield, 7*98 to 8-09. The hardness is 2*5. E. T. ITL^ rt'” 
found the mineral to be a poor radio-detector. The mineral is not attacAu it 
hot or cold nitric acid ; but it is decomposed by aqua regia, and. by chlorine. 

A mineral from Guadaleazar, Mexico, was described by A. del Castillo and H. 3, BuriMrt, 
and named by M. Adam, giiadalcazite^ and by T. Petersen as guadaleazarite. Its 
tion approaches closely to that of metacinnabarite ; analyses reported by T. Pet^^rser., m'l 
C. F. Rammelsberg indicate 14*01—14*58 per cent, sulphur ; up to 1*08. selenium ; 7&'TA 
83*90, mercury ; and 2*09 to 4*23, zinc. Its sp. gr. is 0*09 to 7 105, and its hardn*^ 2*7, 
A. d’Achiardi reported a mineral from the mercury mines of Le\ngliani. Seravezza, 

Alps, Italy, and named it levigllanlte. It is considered to be a femi,p^oiis variety of qua* l&i- 
eazarite. W, Kartwig found that the space-lattice is of the zine-biende T. \V 

found that its high resistance is not affected appreciably by light. 

H. Ueismann® prepared mercuric oxydiseienlde, Hg0.2HgSe, by boding dit‘L: r- - 
diselenide with soda-I^^e. Mhen heated it forms a sublimate of mercurous selmi Ic 
mercury. It readily dissolves in aqua regia. J. J. Berzelius obtained a glass t} 

fusing together a mixture of antimony trioxide and triselenide, assumed, witlicnt jastin, 
tion, to be aniimony oxyselenide^ H. Fonzes-Diaeon prepared a mangantae oryhrlfh'df hj; 
heating manganese seienat© to redness in a current of hydrogen. The greeni^^ii pr.fil’.'t 
develops hydrogen, selenide when treated with hydrochloric acid ; and when heatet! in 
it bums to manganese and selenium oxides. He also obtained cobalt oxyseicmdf in ayinc.dr 
way ; and likewise also with nickel oxyselentde. These oxyseienides may be only mlxi ixt 

H. Moissaa obserwed that at 610® boron combines energetically mth selenina 
to form a selenide. P. Sabatier prepared boiron triselenide, or ^eletaum hmv. 
B2Se3, by passing a slow, regular current of dry hydrogen selenide over boros, 
maintained at a bright-red heat, in a hard glass tube. The brownish-hlatk 
boron is transformed into the yellowish-grey boron selenide without fusion, s 
little of the compound only being deposited in a pulverulent state on the tube 
beyond the boat. The selenide is much less fusible and volatile than the coire- 
sponding sulphide. Water acts violently on the grey boron selenide, disengagir.g 
hydrogen selenide, and at the same time liberating some red, pulvemlent seleaiiffi ; 
hence, doubtless, the disgusting odour of the substance is due to the action of atsa. 
moisture. The yellow, pulverulent selenide deposited beyond the boat is iemm- 
posed by water without deposition of selenium ; hence its composition is donbtw^ 
comparable with that of the sulphide, and would be represented by 
formula agrees with the analyses. If the residue obtained in the preparation of ti* 
triselenide be treated with water, the brown residue which remains may ^ » 
sttbselenide — possibly boron Mriiaselenide, B4Se — but it has not been eareMy 
examined. J. Hoffmann observed that boron is a product of the action of 
on iron boride or ferroboron, and on manganese boride, as well as of hyarof® 
selenide on iron boride. . . a i 

J. J. Berzelius s found that an aq. soln. of potassium polyselenide gives a iwtv 
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r^/itjured precipitate with soln. of aluminium salts. The proJaet lose? -elenium at 
.1 red-heat. It was probably a mixture of r^eienium and aluminium ^elenidt^. 
According to F. Wohler, alumiiiium at a red-heat unites with onto 

incandescence, forming a black powder winch, by pre.-^ure. aeouiie.-; a dark, metah:' 
lustre : emits an odour of hydrogen rieiemde when exposed* to air: and ra'iiiv 
evolves that gas, with the separation of seieninm. when trecited with water, 
H. Fonzes-Diacon ignited an intimate mixture of selenium and fine aitirni !.vnrn 
nowder by means of a burning magnesium ribbon. The combustion i- prcpanr^tt-'i 
throughout the mass, and a yeliowisli-grejr fibrous mass of al iiirsiTiiTim seleilide, 
ALSe^, is obtained below a black layer of impure selenide. It evolves hvdruien 
w'hen treated with w'ater. These results were confirined bv €. Matii^nin 
D. M. Liddell obtained the selenide by dropping selenium into molten alurniniurn, 
L. Moser and E. Doctor prepared the selenide AUSeg, by passing the vaivour ri 
selenium over aluminium heated in vacuo^ and also by H. Forizes-Diacon's 


The light brown powder so formed was unstable in air. L. Moser and K. Atvnskv 
said that J. J. Berzelius' statement that hydrogen selenide give& a dark red aluminium 
selenide w^hen passed into a soln. of an aluminium salt is not correct : they could not 
make the selenide by the action of an aluminium salt in a soln. of hydrogen selenide. 
M. Chikashige and T, Aoki examined the f.p. of mixtures of the two elements, ant] 
the results are summarized in Fig. 39. The maximum at 953"^ corresponds with the 
formation of alumliiiiiin tetratritaselenide, Al 3 Be 4 . 


The formation of this compound by heating the twm 
elements together is frequently accompanied by an 
explosion unless the mixture contains more than 90 
per cent, of selenium. The compound crystallizes 
out from all fused mixtures of the two elements, 
and in accordance with this, the two branches of 
the compound curve on the f.p. diagram cover the 
whole of the region from pure aluminium to pure 
selenium. The eutectics are therefore very nearly 
coincident with the f.p. of the two elements. Alu- 
ininiuni selenide decomposes in contact with moivSt 
air with the formation of hydrogen selenide and 
aluminium hydroxide. H. Fonzes-Diacon gave 
3*437 for the sp. gr. of aluminium selenide, ALSe^, at 
15^. Hvdrogen was without action at a white-heat : 
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Fig. 39. — Freezing-point Curve 
of Aluminium and Selenium. 

if heated in oxygen, a super- 


ficial film of alumina is formed ; the selenide is quickly attacked by humid air, 


giving off hydrogen selenide ; with winter freed from air, torrents of hydrogen 
selenide are given of! ; chlorine transforms the heated selenide into selenium and 
aluminium chlorides ; hydrochloric acid rapidly attacks it with the evolution of 
hydrogen selenide : dil. sulphuric acid acts similarly ; and when mixed with 
carbon it can be heated in an electric arc sans kre sensiblejmnt decompose. G-. Xatta 


studied the action of aluminium selenide on alcohols and ethers. 


C. Benz ® found that an indium selimide can he formed as a black brittle mass, 
by the direct union of the elements. According to W, Crookes, A, Lamy, and 
E. Carstanjen, a gram-atom of selenium unites with two gram-atoms of thaliiiim 
when the elements are melted together, and the reaction is not attended by incande- 
scence. T. Murakami, however, did obtain the triselenide in two forms. His 
observations on the f.p. of the system are summarized in Fig. 40. There are three 
compounds, of which twm present themselves as maxima on the f.p. curve, wMlst the 
third decomposes below its m.p. There are three eutectic points, at 281°, 283°, 
and 150° respectively. These corres£)ond with alloys containing 1 per cent., 21 
per cent., and 52 per cent, of selenium respectively. The monoselerdde melts at 
368°, and TlSe at 310°. The triselenide decomposes at 265°, and undergoes a 
transformation at 165°. There are two gaps of miscibility in the liquid state, 
extending from 4 to 14*5 per cent. Se, and from 55 to 97*5 per cent. All the com- 
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pounds are brittle. H. Peiabon futmd that mixttiies witL over 50 per > 1 * ' 

seleniaiii solidify between 178^ and 195 ’b one of tne iianid pna^es leinc: , 

selenide and tne other a soln. of ttizh in -AieniniL.. The ni.p. curv*^ ^ * 

at 315^ corresponding with 42-9 at. per cent uf ^eieni urn. Tne cnrv- *ben rr-r, . t 
maxiiniiiii at 332" representing the thallosic selenille? Tn'se. tiiat >, 7 ^ 

and finally falls to 195', the ni.p. uf tballinin peataselenide* TIA-, TL^r- f ; 
break corresponding with thaUiimi triselenidej TASe;^ : nor 01 - A 1 £. 
prepare the trisuiphide. L. EoUa measured the variation in the ^urfice tet'* t 
the alloys and observed e\'idence of onA' TLSe and TlSe, but not of ' r Ty . . 

E, Knhlniann obtained thaMous seienidej TASe, in dark grey i lates, by the i.:.- i ** 
hydrogen selenide on a soln. of thalloiift carbonate. L. Closer and K. hirpi-* 
obtained binish-black thallous selenide in a similar way. The product Ytuut. ' 
the fusion process is dark grey or black, hard, brittle mass with a ccncLhua. uu • 
crystalline, fracture. The metallic lustre soon tarnAhe^ on exiojsur- t ^ u.,-' 
E. KuMmaim gave 340', and H. Pelabon, 335' for the m.p. F. Kuhlmann a7 A i " 
there is a large contraction wEen the molten selenide freezes. C. Eabre guvn: A 
Cals, for the heat of formation of the crystalline selenide, and 14*72 Chi-, f r t - 
precipitated. H. Pelabon measured the electrical resistance of T:>_Se E. fhr u y - - 



Eeg. 40. — Melting-point Curve of the Binary System : Seleniuin— Thailiiiia, 

found that thaEous selenide is scarcely attacked by cold, dlL sulphuric acid, but 
heated hydrogen selenide is slowly evolved. F. Kuhlmann found that jne preciy- 
tated selenide furnishes hydrogen sulphide when treated with sulpliuric or hjip> 
cMoric acid ; and with nitric acid, it forms thallous selemte. E. CarstAi|eii 
obtained thallosic selenide by fusing two gram-atoms of thallium ^ with more^ttaSi 
one gram-atora and less than three gram-atoms of seiemum. The liquid sOiMihe^^t-i 
a black crystalline mass, ivhich is not attacked by cold, cone., or by boiling, 
»iilphioie"aeid ; but hot, cone, sulphuric acid yields sulphuric dioxide* a depu&t 
of seleniuBi, and a green liquid, A. E. Nordenskjoid reported a leaden 
compact, and brittle mineral from a mine at Skrikerum, Sweden, and he nam^ 
— ^after W. Crookes. Its composition approximates copper, 
tkallum selenide, {Cu,Ag,Tl) 2 Be. Its sp. gr. is 6*90, and itb hardness is to u-v, 
T. W. Case found that its high resistance is not appreciably affected by hgbt. ^ 

I. J, Berzehus found that when aq. soln. of cerous salts are treated with an 
seieMde, a pale red precipitate, probably of impure h^d rated cerous seienMf , & 

It becomes darker in colour on exposure to air. If cerous selemte be beateil m * 
current of hydrogen, cerous selenide A formed. If some ceric f 

portion of the «leniuin passes off with the hydrogen. The browm powder m ue^ 
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dving off Lydrogen seleaide. Wien heated in air. a siib!;mate of riioxide 

IS formed, and leaves behind a white basic eerie selenite Wnen tr.e 'elen:>ie 
treated with the weakest of the acids, hydrogen selerd-U is 5 nine h ' or v rer it- elf 
iias no action. 

According to A. von Bartald^-^ on distilLng a mixture of 1 !;/ 1 of omvn tetti- 
broinide with 2 mols of amorphous red selemniii, a small umvn.tv ' : a reddis:.- 
Teliow oil passes over between 160° and 190' ; the fraction riistillln^ ...t 1# r 
to a red solid on cooKng. The residue, after extraction alternate.;" with carom 
disnlphide, phenol, alcohol, and ether, yields a greyisii-blaek p- wder imvinc the 
composition CgBr 2 Se 4 ; it decomposes at high temp, and dissolve- in cone, -tihhiiric 
acid to a reddash-hrown soiii. Heated with very cone, sodium hydroiiiie it uives 
carbon tetritaselenides C^Se, as a black amorphous powder wl^icL is Spirin^iy 
soluble in hot, cone, sulphuric acid, forming a pale brown soln. It is infuAhle, and 
decomposes when heated, glowing in air, and leaves no residue. It is iimeult t- » 
prepare free from bromine. If hydrochloric acid be added to the soln. cf C 5 Er. 2 Se 4 
in soda-lye, a dark violet -brown powder of carbon pentitadiseienidej C^Se.j, 1 .^ 
precipitated. These tvro selenides are supposed to be constituted : 


C:C._ 


Carhon tetritaseiemde, C^Se 


X : C : Se 
: C : Se 

Carbon pentitadiseknlde, C5Se2 


The pentitadiseienide has a conchoidal fracture. It neither fuses nor sublimes ; 
but when heated in air it glow^s and burns, leaving only a trace of residue w’hich 
probably represents contamination with a sodium salt. Hot cone, sulphuric acid 
forms a reddish-browm soln, ; it also forms a reddish-brown soln. with soda-Ive, and 
is again precipitated by neutralizing the lic[uid with hydrochloric acid. 

In 18693 Hathke prepared carbon diselenide, CSe,?, by the action of moist 
vapour of carbon tetrachloride on phosphorus pentaselenide : the stream first 
forms hydrogen selenide, which then reacts; CCl 4 -k 2 H 2 Se=CSe 2 ~f'^H^^^^- The 
compound is not obtained by the action of the vapour of selenium dioxide on red- 
hot carbon, by melting a mixture of potassium feirocyanide with an excess of sele- 
nium, or by heating a mixture of phosphorus selenide, water, and carbon tetra- 
chloride in a sealed tube. Neither A. Stock and E. Willfroth nor H. V. A. Briscoe 
and co-workers were able to prepare carbon diselenide by the action of selenium 
vapour on carbon at 1000°, but a partial replacement may occur — vide infm^ carbon 
sulphoselenide. A. von BartaTs attempt to prepare carbon diselenide by passing 
carbon tetrachloride vapour over cadmium selenide, heated to a dull red- 
heat, resulted in the formation of a mixture of hexachloroethane, selenium 
chloride, selenium, and a trace of carbon diselenide. Carbon diselenide, said 
B. Rathke, is a greenisb-yellow liquid wbicb smells not unlike carbon disulphide. 
The carbon diselenide boils near 90°. A soln. of carbon diselenide when boiled 
with potash-lye forms a dark brown soln. of potassium selenide ; with alcoholic 
soln. of potassium hydroxide, a deep red soln. ; and with a cone. soln. of potassium 
hydroxide in alcohol, yellow needles of pota^um sdeiKKsaiilliale are formed. 
B" Rathke said that the characteristic radish-like odour of selenium when heated in 
charcoal in the blowpipe is due to carbon diselenide and not to a suboxideof seieniuin. 

If a soln. of selenium dioxide be treated with calcium silicide and a little hydro- 
chloric be added, a vermihon selenosilicaii, analogous to F. Wohler s sulpho silicon 
— 6. 40, 60— -is obtained. It smells of hydrogen selenide, and with ammonia gives 
ofi hydrogen. When heated it gives off selenium and hydrogen selenide. Accord- 
ing to P, Sabatier, when ciystalline silicon is heated to^ redness — ^below the b.p. of 
seienium — ^in a current of dry hydrogen selenide, it is converted into sBiwni 
Bide, SiSeg, without incandescence. After fusion, the diselenide is a hard, lustrous 
mtes, of semi-metaliic appearance. Under ordinary conditions, silicon selenide 
evolves a very irritating wiour, due, doubtless, to the hydrogen selenide formed by 
the action of the moisture in the atm. At a led-heat in a current of air, or dry 
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oxTgen, tlie selenide is converted into silica, selenious anliydride, and 
Cold water decomposes it with evolution of hydrogen selemde and seiM-at 
silica, but after a time decomposition slackens, and, although it is accelerdtec* ' 
w^arming*, the silicon selenide is never completely decomposed, probably kra’’! 
is protected by the silica that separates. With potassium hvdroxide loLt ' ^ 

dissolves both the hydrogen selenide and the silica, decomposition beeomes'eri-'* lb 
after some time. Aqua regia acts gradually on the selenide with seriaratv'** 
hydrated silica. A. E. van Arkel and J. H. de Boer made titanimn ^leiiMe 
passing the vapour of the metal chloride and selenium over a heated 
filament ; I. Oftedal also made the selenide, TiSe 2 , t»y heating an intimate 
of the elements. The tabular, red, hexagonal crystals have an 
corresponding with a hexagonal lattice with a=5*995A., c=3*533A., and'V' 
= 1 : i*697. The calculated density is 5*29. The crystals are similar to those sf 
mium iodide, stannic sulphide, and titanium sulphide and teiluride. Cl. 
and V, M. Goldschmidt studied the structure of the crystals. A. E. van Ar^ 
and J, H. de Boer similarly prepared zirconium selenide, ZrSe 2 , haWna 
selenide, HISeo According to A. E. van Arkel, zirconium selenicle crysialliii'i 
the trigonal system and has the axial ratio a : c=l : 1'63, and the. edge of the - 
IS 3*79 A., and there is one mol in a unit cell. G. Natta and Y. 31. Goldselih 
made some observations on this subject. H. Moissan and H. Alartiiisen prep 4 :i-i! 
a thoriuiii selenide by the action of the selenium vapour, mixed with hydregfi. 
on thorium tetrachloride or tetrabromide ; or, according to H, Moissan and A. Etcji. 
on thoriiiin carbide. The black mass gives oh hydrogen selenide when treated yiti 
acids. A. E. van Arkel and J. H. de Boer made thorium selenide by the pn.O'A? 
used for titanium selenide. 

According to J. J. Berzelius, tin unites directly with selenium when a nimiue 
of the two elements is heated ; and the combination is attended by incandeirCeLi^^ 


H. Pelabon found that the f.p. of mixtures of tin -with increasing propurtions vi 
selenium rises first rapidly, then more gradually, to the maximum point abl 
640^5 the two f,p. of the mixture corresponding with sesquiselenide^ ^^2803 : after 
that the curve falls very gradually to 550°, the f.p. of the mixture containiutf 
gram- atoms of selenium to one of tin, and shows no peculiarity for the tlLelerib, 
SnBe,>. W. Blitz and W. hlecklenburgh results are illustrated in Fig. 41, lA 
maximum at 851° corresponds with the formation of the monoseieiiide : aiiti tL 
break near 650° corresponds with either the sesquLsulphide or the disulphide. 1:^** 
two eutectics consist of almost pure tin and selenium respectiv^ely. 

J. J. Berzelius, and H. Uelsmann prepared stannous selemde or tm mflui- 
S^lesiidej BnSe, by direct fusion of a mixture of the elements. The coiiiliti»>iw d 


equilibrium are indicated in Fig. 41, A. 

— — melted the mixture of elements in a porcelain 

Yj j current of hydrogen, and found that the iiioitfcs 

"[7 ma.ss begins to distil at a bright red- heat, fornihg 

^ vapour. The distillation readily proeerd:* 

fi \ at a white- heat, and crystals of the nionoseleaitle 

^ ^ 3 collect in the cooler part of the tube. R. Behneider 

2 ^ 0 "^ j obtained the selenide by adding powdered seleniam 

I T I I Ti [ p' p"'] molten, anhydrous stannous chloride, and he^t- 

^ Percer^Se mixture until the liquid is clear. Niirt 

^ - ’ • . stannic chloride volatilizes, and on cooling, crystafV 

of Mixtur7sTf®Tin'and“8o! of the monoselenide remain. These are hee<i froia 
lenium. stannous chloride by washing ivith diL tyclrr 

chloric acid. L. Moser and K. Atynsky obtaiueci it 
by the action of a stannous salt on a soln. of hydrogen selenide out of cmUti 
with air. Ordinary stannous selenide can be purified by recrystalHzation 
molten stannous chloride, H. Uelsmann precipitated dark brown or bhtk 
stannous selenide by passing a current of hydrogen selenide into a soln. » 


fa sa 
PerceatSe 


of Mi^ur7s'‘S®Tin' and^So! monoselenide remain. 

lenium. stannous chloride by was! 
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stannous cHoride. The fused selenide is a steel-grey, crystalline mass ; and 
that crystallized from stannous chloride appears in steel-grey prisms or plat^es, 
which, according to E. Schneider, are probably isomorphous with stannous 
=iiilpMde, and their sp. gr. is 5-24 at 15" ; A. Ditte said that the sublimed 
selenide has a sp. gr. of 6*179 at 0°. H, Pelahon gave 860" for the m.p., and 
W. Biltz and W. Mecklenburg, 861°. H. Pelabon studied the thermoelectric force 
of platinum coupled with tin-selenium alloys of different composition. The form, 
of the curves varies with the temp., but all show an angular point corresponding 
with the selenide SnSe. The selenide SnSe 2 is not indicated by any particular change 
in direction of the curve. At the hot juncture the current passes from platinum 
to the alloy for Pt-SnSe, and from the alloy to platinum for Pt-SrLSe 2 . A couple 
formed by platinum and an alloy of composition intermediate between that of the 
two selenides, and varying slightly with the temp., will have no thermoelectric 
force. According to A. Ditte, the monoselenide may be volatilized unchanged in an 
atm. of hydrogen, hut at a white-heat a little hydrogen selenide is formed. 
W. Herz gave 1133 x lO^- for the vibration frequency of SnSe. J. J. Berzelius found 
that when heated in air, without fusion, selenium is volatilized and stannic oxide 
remains. The monoselemde is insoluble in water ; and, according to R. Schneider, it 
is oxidized by a carbon disulphide soln.'of iodine, or by heating itmth iodine, forming 
stannic selenide and iodide ; bromine acts in an analogous manner. A. Ditte said 
that stannous selenide behaves very like stannous sulphide towards hydrogen 
chloride ; at ordinary temp, there is no action ; at a red-heat, stannous chloride and 
selenium, with a little hydrogen selenide, are volatilized. At ordinary temp., crystal- 
line stannous selenide is not attacked by hydrochloric acid, hut it is slowly attacked 
by the boiling acid, and a state of equilibrium ensues as in the case of stannous 
sulphide. Hot, cone, nitric acid slowly oxidizes stannous selenide, forming selenium 
and tin dioxides ; it is easily dissolved by aqua regia. Precipitated stannous 
selenide is easily attacked by alkali-lye, but the boiling lye has very little action on 
xhe crystallized selenide ; both forms readily dissolve in soln. of alkali sulphides or 
selenides to form sulpho- for selenost annates. 

E. Schneider said that stannic selenide, or tin diselenide» SnSe^, cannot be pre- 
pared by a method analogous to that used for making muscovite gold ; but G. Little 
obtained it by passing the vapour of selenium over heated tin. The conditions 
under which the diselenide can be obtained from its elements are indicated in Fig. 
41. According to R. Schneider, 5 parts of iodine are triturated with 8 to 10 parts of 
stannic iodide, and then with stannous selenide, and finally with enough carbon 
disulphide to make a mushy mass ; the carbon disulphide extracts the stannic 
iodide, leaving stannic selenide as a residue. J. J. Berzelius treated a soln. of 
stannic chloride with hydrogen selenide, and obtained stannic selenide as a dark 
yellowish- red or reddish-brown precipitate ; L. Moser and K. Atynsky used an analo- 
gous process ; and A. Ditte, by treating a soln. of an alkali selenostannate or 
sulphoselenostannate with hydrochloric acid. The fused diselenide appears as a tin- 
white or dark brown mass with a conchoidal fracture. Y. M. Goldschmidt studied 
the structure of the crystals. G. Little gave 5-133 for the sp. gr., and R. Schneider, 
4-85. W. Biltz and W. Mecklenburg gave 650° for the m.p. H. Pelabon’s 
observations on the thermoelectric properties have been discussed in connecton 
with the monoselenide. H. Uelsmann found that when the diselenide is 
beated in hydrogen it forms the monoselenide. The diselenide, said E. Schneider, 
is not attacked by water or by dil. acids, and G. Little, not by hydrochloric acid, 
but E. Schneider said that it is attacked by the boiling acid. When melted 
with iodine, or treated with a soln. of iodine in carbon disulphide, selenium and 
stannic iodide are formed : SnSe 2 + 2 l 2 = 2 Se-f Snl^ ; bromine acts in an analo- 
gous vray. Tin diselenide is decomposed by nitric acid ; and is readily dissolved by 
aqua regia, particularly if warm, cone, sulphuric acid dissolves the diselenide, forming 
an olive-green soln. which gives a precipitate of selenium when poured into water, 
while stannic sulphate remains in soln. The diselenide is dissolved by aq. ammonia, 

VOL. X. 3 b 
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or by alkali-lye, particularly if warm ; forming a blood-red soln. from wMck 
cbloric acid precipitates dark red tin diselenide, H. Uelsmann found that pr^irl 
tated stannic selenide forms a blood-red soln. with alkali-sulphides, and the sok 
when exposed to air, soon deposits selemuni. According to A. Bitte, when skEsir 
selenide is dissolved in a soln. of potassium selenide, and the clear liquid evaporated 
in vacuo, crystals of potassium selenostannates K2SnSe3.3H20, are formed ; tif? 
rapidly change when exposed to air ; similarly with sc^um selenwtaii^, 
Na2SnSe3.9^H20. These compounds have properties resembling those of thiostari' 
nates. 


According to J. J. BerzeliusA^ lead and selenium unite when heated, with the 
evolution of light and heat, forming a grey, porous mass which becomes silver-white 
when burnished. A smaE proportion of selenium united with lead renders it whiter, 
less dtictiie, and more fusible. K. Friedrich and A. Leroux were able to deteraike 
only a single branch of the f.p. curve of selenium and lead. The eutectic 11^ cliBe 
to the lead end ; and there is a maximum at 1065"^ corresponding with lead 
FhSe. According to H. Pelabon, lead combines directly with selenium, and the 
product forms homogeneous mixtures with an excess of either 'constituent. Lead 
alone commences to solidify at 325° ; at 745°, if 2 per cent, of selenium is present, 
and at 800°, if 4-5 per cent, is present. In these cases, the completion of the 
solidification occurs at 325°. With increasing proportions of selenium the f.p. bm 
unth it reaches a maximum at 1065°, with 27*62 per cent, of selenium. This 

corresponds with lead selenide. Mixtures witii less 



Fm. 42. — Freezing-pomt Curve 
of Alloys of Lead and Se- 
lenium. 


lead selenide and selenium. 


selenium are therefore mixtures of lead and ie^ 
selenide. As the amount of selenium increases be- 
yond 27 per cent., the f.p. falls rapidly to 673°, aid 
there remains constant for mixtures containing 45 
to nearly 100 per cent, of selenium. Mixtures con- 
taining over 45 per cent, of selenium separate into 
two layers : the upper layer is selenium alone, the 
lower one, solidifying at 673°, is a soln. of selenim 
in lead selenide, and not lead diselenide, PhSe^, be- 
cause (i) when allowed to solidify in a vacuum i: 
rapidly loses selenium ; (ii) on heating it lom 
selenium, without melting, until PbSe remains ; (ii) 
selenium can be removed by washing with hot 
cone, potassium cyanide soln. The lower layer of 
the liquid just indicated solidifies to a greyish-black 
solid with a lameHaceous fracture, hfetures con- 
taining 27 to 45 per cent, of selenium are solus, of 
Fig. 42 is compiled from both sets of obser- 


vations. 

J. Margottet, and G. Little prepared lead selenide by heating a mixture of the 
two elements, above the m.p. of lead. The mixture begins to spit at a dull xed-heaL 
combination occurs, and the mixture solidifies. F. Eossler melted an 
mixture of 50 grins, of lead and one gram of selenium under borax, and alloww it 
to cool slowly. The cubic crystals are separated from the matrix by uang w 
product as anode in the electrolysis of a soln. of 50 grms. of lead and 
acetates in 600 c.c. of water and 10 c.c. of acetic acid, and a current denaty of 2-3 
amp. per sq. dm, A. 0. Yournasos melted a mixture of the two elements unto 
paraffin. H, Fonzes-Diacon reduced lead selenate to selenide by means of hydro^ 
at a white-heat, also by means of 4 times its wt. of carbon in an elecfyic furnace : « 
also obtained it by the action of hydrogen selenide, mixed with nitrogen, lead 
chloride at a red-heat ; and by heating lead seienochloride with hydroge^ boi^ 
water, or cone. soln. of potassium hydroxide or sodium thiosulphate. J. J- 
also obtained the selenide by the action of hydrogen selenide on a soln. of a 
salt ; and L. Moser and K. At 3 msky obtained the black selenide in an 
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way. 'J • Brooks oktainod. the hydiosol by the action of hydrogen seleoide on a soln. 
of lead acetate and gelatin. 

In ISOSj J . 0. L. Zincken examined a mineral from Zorce, Harz, before seleninin 
was discovered, and it seems to have been regarded as a "cobaltiferons galena, for 
J. F. L. Hansmann called it KohalMeierz. It was not until 1824 that F. Staromeyer 
and J. F. L. Hansmann showed that the mineral is a lead selenide, and thev called 
it Sslenblei, and when cobalt was present, H. Bose called the mineral Seie'Mei wM 
SelenkoMt, and J. C. L. Zincken, Selenkohakhki. F. S. Bendani named it 
clausthalk, in allusion to its occurrence at Clausthal, and J. D. Dana altered this to 
elaiistlialite. W. Haidinger suggested calling the variety containing cobalt. 
tillcemdiU, from Tilkerode, where it occurs, and E. F. Glocker included both minerals 
in the general term Selenhleiglanz, hut the name clausthaiite has taken its place. 
Occurrences in the Harz were described by G. FreboM, J. C. Zimmennann, 
0. Luedeoke, J. G. L. Zincken, W. Geihnann and H. Bose, and H. Bose ; in Saxony, 
by A. Frenzel, and C. M. Kersten ; in the Argentine, by I. Domeyko, and A. Stekner : 
and in Spain, by A. Breithaupt. Analyses reported by F. Stromeyer and 
J. F. L. Hansmann, H. Bose, C. F. Bammelsberg, and I. Domekyo are dose to 
requirements for lead monoselenide, PbSe, with up to 3-14 per cent, of cobalt. 
The mineral is lead-grey, and occurs in fine granular masses, sometimes foliated, 
and rarely in cubical crystals, with cubic cleavage. The artificial selenide may 
appear as a black powder, in needles, rectangular plates, or cubical crystals or 
prisms, lead-grey or bluish-black in colour. S. von Olshausen found that 
the X-radiogram agrees with the face-centred cubic lattice of the caraium 
chloride type with side a=6*162 A., and sp. gr. 8*139. L. Pauling, and L. S. Bams- 
dell studied this subject. F. Stromeyer and J. F. L. Hausmann gave 7*697 for 
thesp. gr. of the mineral. C. M. Xersten gave 7*70 to 7*71, and A. Stekner, 7*6. 
For the artificial fused selenide G. Little gave 8*154, H. Fonzes-Diacon, 8*10 for 
the crystals at 15°, and F. A. Henglein and E. Both, 8*07 ; and F. A. Henglein gave 
35*3 for the mol. vol. The hardness of the mineral is about 2*5. K Friedrich 
and A. Leroux, and H. Pelabon, gave 1065° for the m.p. C. Fabre gave 15*76 
Cals, for the heat of formation of crystalline lead selenide, and 12*98 Oals. for 
the precipitated selenide. A. de Gramont examined the spark spectrum. W. Herz 
gave 3 * 29 x 1012 foj. the vibration frequency of PbSe. F. Beijerinck, and 
B. G, Harvey found that it is an electrical conductor- E. T. Wherry found 
clausthaiite to he a fair radio-detector. T. W. Case found that its r^istance is 
less than a megohm, and is not affected by light. H. Fonzes-Diacon said that lead 
selenide can be sublimed in hydrogen without reduction. Clausthaiite decrepitates 
when heated ; and, according to J. J. Berzelius, when both the natural and the 
artificial selenide are heated in a closed tube, selenium and lead selenide sublime. 
H. Fonzes-Diacon found that when the selenide is heated in air, selemum dioxide, 
and lead oxide are formed, while water vapour, at a red-heat, reacts wiih part of the 
selenide to form hydrogen selenide and leM oxide ; part is reduced to lead, and part 
sublimes as lead selenide. J. Joly observed a red sublimate at 340° in ahr, and a 
white one at 600°. The selenide is decomposed by chlorine, forming lead chloride 
and selenium chloride ; at a red-heat, hy<&ogen chloride forms hydrogen selenide 
and lead chloride ; while cone, hydrochloric acid attacks the mineiai only when 
the acid is boiling. J. C. L. Zincken, and H. Fonzes-Diacon observed that cone, 
sulphuric acid forms a brown, green, or reddish-brown soln. — coloured by selenium — 
and lead sulphate. J. J. Berzehus, and H. Fonzes-Diacon found that cold nitiic 
acid dissolves the selenide with the separation of selemum, which dissolves if the 
acid is warm ; fuming nitiic acid dissolves the selenide as lead selenafe* H. Fonzw- 
Diaeon found that phosphorus trichloride at a dull red-heat produces selenium 
dichloride. H. C. Bolton said that a sat, soln. of citric acid d^olves clausthaiite 
in the cold. W. Geilmarm and H* Bose observed that when clausthaiite is treated 
with mercuric chloride at 300°, a solid crust of mercuric selenide grows on the 
surface : PbSe+HgCl 2 =Hg&+PbC! 2 . 
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Tiie iTiin^ra! zoigite occurs in granular roasses resembiins: claustn-viTe a: - 

Tiikerode in tie Harr. H, Rose called it SderJbUl S-l>znk rpf<tiT ; .T, C. L. Zn""k-^"* 
Sf li and Splfnhlti<upfcr ; E. F. Glocker, , ’V, H, V- p. .. 

zpjgitc : 1^. von Kobell, rhnp'iano^'ir'te — from oacai.r, rad*sh, and aroe' . Ara*v.'.o 

were reported by R. Rose, C. F. Rammeisberg^ C. M. Kersten, F. Pi^ani, and F. ^ 

ami H. C. Klinger, F. Pisani represented some samples Vr 'Pb,CLi,S*: ani 
iC'uJdjj^Se. ; C. Klein, and A. Arzruni found a sample agreeing nenrer ".mtb P: y 
nor with ( Pb, Ciy.'Se, but rather with a misniire of PbSe, 4CuSe, and *jCu,>e. it t. *- 
probable that zorgite is a mixture of lead and copper selernde, K. E. Plru^r^r f : m 
zirciteis decomposed liy heating it at 200~ to 4.50' in the vaptur of carbon tttra o''-, 
and air. M. Adames cac^icidaite from Cacheuta, Angentine, is a vanerv of tld^ mm-ni 
Tiie dark or light grey granular ma«:ses of zorgtte have a sp. gr 7*0«i~7*55, and a o Artr 
of 2%i. 

Another mineral from Tilkercde and Lerbacli, Harz, was described Ho H„ 
Sdrjibhi ihit Scle^iqHirkmlber^ and J. C. L. Zineken caked it h-’. 

K. F, Gloeker, Splenque^hsdbfrhlur^lanz : and %V. H. Miller, lerbasMte, ^Analv^r'* 

reported by H. Rose, and C- F. Rammelsbenr, and are usually represented by >e 

It is probably a mixture of lead, seienide with mercurv' seienide and more cr 
selenicle, A. Streng found thallium in a sample from Lehrbach. The lead- 0 Te}% steei-ii- . 
or iron-black mineral occurs in granular masses of sp. gr. 7***^S‘il, and LardnersH " 
€. F. RammeLsberg described a copper-mereury-lead selemde from Zo*ge, Harz, vdJ.h 

a eompOfaitiGii ranging from dPbSe.hCuSe.CuiSe.HgSe to SPb5ehl7Cu_Se,KgS<.. h 
appears to be a mixture whieli has been called stehachUe. R. G. Han'ey inta^rcrai 
electrical resistance. 

F. Wolilei prepaxed nitrogen seienide, or selenium nitride, wnieh, ac^oriiixi 

a snbse^iuent analysis of A. Vernenii, has the compo.sition XSe : and, by analjgr 
tdth nitrogen sulphide, has the mol. formula, ^4864 (q.r.). W. t^trecker an-i 

L. Claus decided that it is not a derivative of azoimide, and favoured the cydb. 
formula 804X4, This agrees with the mol. wt. determined by H. B. van Talk^^n- 
hurgh and J. C. Bailar from its effect on the f.p, of a soin. in glacial acetic acid 
W. Strecker and L. Claus did not obtain satisfactory results with cfiphenyL naphtlcL 
and liquid '^uiphur dioxide. E. Wuhler made it by passing dry* ammonia, cl. 
with air or hydrogen, over selenium tetrachloride cooled by a mixture of ice ani 
salt. The tetrachloride forms a green and then a brown spongy mass consisim^ 
of uiideconiposed tetrachloride, selenium, ammonium chloride, and nitrogen seleri-i^ 
There is a danger of an explosion during the operation. The product is agitated 
mdth a large proportion of water, and the brick-red powder is separated, dri^, ani 
washed with carbon disulphide, or a dii. soln. of potassium cyanide to remove :h^ 
selenium. B. Espenschied also employed this mode of preparation ; whne 
A. Terneuil said that the product is not constant in composition, and he preferred 
the following procedure : 

Ten grains of seleuiiim tetrachloride are triturated with a few drops of carbon displphid*, 
and then suspended in about a litre of that liquid. Only a little tetraelilorid© ^dissclves. 
A current of dr>" ammonia is then passed tlirough the liquid with frequent stinrog. The 
Mquid is crolour^ rose-red, and then cochineal-red ; as the current of gas continues, brown 
flecks appear, and by continuing the passage of the gas, these flecks assume s |mle oraaga- 
yellow eoiour. The liquid then smells strongly of ammonia, some nitrogen is given if 
about the middle of the operation: USeCl4-b^2NH3==6K’Se-r24]S[H4Cl4-'K5, The mism» 
is filiejned, and the solid is washed with carbon disulphide, squeezed, and dried in a rurwnt 
of air. Tiie ammoniura cMoride is removed from the oirange-yellow powder by wiling 
with water, drying in air, and finally wasMng with hot carbon disulphide. The yield m 
8d per cent. 

H. B. van Valkeuhurgh and J, 0. Bailar obtained nitrogen seienide by the 
of dry ammonia on a dii. soln. of selenium monocHoride in carbon disalpMdt, 
F. W. Bergstrom found that selenium has an extremely slight solubility in 
aminciiiia, and the character of the soln. resembles that of sulphur in the stmt 
solvent — i.e, selenium tends to react tvith ammonia, producing nitrogen 
aad ammoaium seienide. W. Strecker and L, Claus did not obtain good yields 
mtm^n seienide with liquid ammonia and ^ienium monochloride, or the tctrH 
eUoridc. In the presence of carbon disulphide as a solvent, selenium 
give better yields of nitride than do the lower halides or the oxyhalides. Tm 
rwilt® wilh seiemum tetrabromide were better than with the tetraeMoride. The 
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equation given by A. Yerneuil gives far too sinali a proportion of nitrogen for that 
actually evolved in the case of selenium tetrabromide. When benzene is used as a 
solvent, the reaction appears to be 3SeBr4-;-lGXHg— 2SeN— Se”-N2-r-12NH4Br- 
A. Michaelis showed that selenyl chloride reacts with dry ammonia : 6Se6Cl2-f~Is5l'R^ 
=3Se02-r3Se+2N2-rl^-^E[46l ; and V. Lgnber and E. Wolesenskj found that i*f 
a cone. soln. of selenyl chloride in benzene or toluene be treated with dry ammonia, 
a large proportion of the selenium is precipitated ; but with a dil soin. (2-4 per 
cent.) in benzene, a buff-coloured precipitate is formed ; this becomes orange-red 
when dry. When washed with water, and with a soin. of potassiiun cyanide to 
remove selenium, brick-red nitrogen selenide is formed. The amorphous, orange- 
yellow powder is very hygroscopic, and, according to A. Verneiiih when dried in air, 
retains only 0*15 per cent, of ammonia. "When dry, a very slight press, suffices to 
produce an explosion. According to E. Espenschied, the explosive decomposition 
of nitrogen selenide into its elements is accompanied by red fumes of selenium, and 
there is a smell of hydrogen sulphide ; the colour of the powder does not change at 
150°, but it explodes at 200°. W. Strecker and L. Claus gave 160° as the explosion 
temp. ; V. Lenher and E. Wolesenskj, 130° ; and A. Verneuil added that at 230’ 
it explodes as easily as fulminating silver, and less easily than nitrogen iodide. 
M. Berthelot and P. Vieiile gave for the heat of formation (N,Se)=42‘3 Cals, at 
constant press., and 42*6 Cals, at constant vol. According to A. Verneuil, and 
E. Espenschied, nitrogen selenide is insoluble in water, ether, and absolute alcohol ; 
and very sparingly soluble in carbon disulphide, benzene, and acetic acid. It is 
not changed by cold water ; but when heated with water to 150°-160°, it is hydro- 
lyzed to selenious acid, selenium, and ammonia. Warm, cone, potash-lye decom- 
poses the selenide into selenium, potassium selenite and selenide, and the 'whole of 
the nitrogen is set free as ammonia ; with hydrochloric acid, ammonium selenite 
and selenide are formed. According to W. Strecker and L. Clans, chlorine and 
bromine react explosively with selenium nitride. In the presence of carbon disul- 
phide, the action of bromine leads to the formation of a brownish-green, hygroscopic 
substance, SeN 2 Er. Bromine vapour dil. with carbon dioxide transforms solid 
selenium nitride into ammonium selenohexabromide, {NH 3 ) 2 SeBr 3 , the formation 
of which appears to be due to the action of atm. moisture on a primary additive 
product of bromine and the nitride. Chlorine, in similar circumstances, gives the 
product SeNCis. Bromination of the compound Se^NoBr yields the substance 
SeNgBr^, whereas exhaustive chlorination of the product Se 2 NCl yields Se^NCL, 
which possibly is not quite homogeneous. Selenium nitride is not affected by soHd 
iodine or by a soln. of the halogen in ether or chloroform. If partly wetted with 
fuming hydrochloric acid, or if treated with hydrogen chloride, or with chlorine, 
an explosion occurs. With sodium hypochlorite, nitrogen is given off and sodium 
selenate i>s formed. A dil. soln. of selenic acid is reduced by nitrogen selenide, form- 
ing selenious acid, selenium, and ammonia ; likewise also with cold or hot nitric 
acid, in which case the selenium dissolves. H. B. van Valkenhurgh and J. C- Baiiar 
found that when ammonia is passed through a soln. of nitrogen tetraselenide in 
carbon disulphide for half an hour, a red soln. is formed. On evaponition, this 
yields a dark red, hea’sry liquid, very similar to the compound formed by ammonia 
and nitrogen tetrasulphide in the same manner. 

According to J. J. Berzelius,^® selenium and phosphorus are miscible in all 
proportions when heated to temp, near the m.p. of phosphorus. When a large 
proportion of selenium is present, the dark brown, fusible mass has a conch oidai 
fracture ; and when the product containing an excess of phosphorus was heated, 
phosphorus and a small proportion of selenium distilled off. The phosphorus 
selenide forms a little hydrogen selem'de wdth water ; and it dissolves in potash-lye, 
forming potassium selenide and phosphate. J. Meyer found that mixtures of 
44 parts of phosphorus with 0*5, 1-0, 2*0, and 3*0 parts of selenium melt 
respectively at 35°, 27°, 9°, and at —7°. 0. Hahn re|K)rted the four phosphorus 
seienides, with the at. proportions P : 8e=4 : 1, 2:1, 2:3, and 2 : 5 respectively. 
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Of tliese. J, Mejer said tkat tne first two are mixtiires and not ckemical indiTiina^ 
and that the third mav or may not be a compound. He prepared the Helfiriitt 
^ 4 Se^ and equilibrium diagram has not been explored, so that lit 

question is still an open one. 

O. Hahn melted a mixture of one gram-atom of selenium with 4 gram-atoins ol 
phonis in an atm. free from oxygen, and pressed the product through a ftr.P> haen ch:h 
under water, to remove red phosphorus. He considered it to be phosploms tetxllwle^s' 
P^Se, J. Heyer was imable to obtain a product not contaminated with tree selenLum and 
red phosphorus. O. Hahn described it as a thick, oily-, dark yellow mass with a n&gtT 
smell resembling that of phosphorus trioxide and hydrogen selenide. It freezes behw 
—17^ to a crystaliine mass, and melts at —7®. When heated, I, Meyer obsen^ed th*r 
phosphorus alone distils over, leaving a residue richer in selenium, O. Hahn found that 
product ignites in air, burning with a luminous dame, which emits a white asoke. it 
can be kept for some time under air-free water, but if air be present, it acquires an 
crust which forms phosphoric acid and presumably seienious acid with the water. Bed 
fuming nitric acid infames the product. It is freely soluble in carbon disulphide, and n 
acts on alcohol, and ether. Cold aikali-tye has no action, but when boiling, phcephune, 
alkali phosphite, selenite, and selenide are formed. With cold soin. of metal salts 
tetrita^enide slowly acquires a film of the metal phosphide and selenide, and this oecias 
rapidly when the mixture is heated. 

O. Hahn also obtained phosphorus hemiseienide, P^Se, in an analogous manner, uaag 
the correct proportions of the two elements. Much heat is develop^ and some of ti* 
product sublimes, while most of it immediately solidifies. At ordinary temp., the l»im- 
selenide is a pal© red solid, which, in thin layers, appears reddish-yellow, and when powileiwl 
its colour resembles that of precipitated antimony sulphide. The soHd has a mnchoidal 
fracture, and its smell recalls that of hydrogen selenide. It reddens moist litmus paper. 
It is stable in dry air, but in moist air, the phosphorus oxidizes, and hydrogen seieaaii a 
given off. The heat of the reaction may suffice to iiafiam© the product. WTien heated, 
sublimation occurs. J. 3Ieyer found that when the hemiseienide is heated in an atm. of 
carbon dioxide at ordinary press., phosphorus contaminated with selenium first distili 
over, and finally dark red vapours of the tritetritaselenide. O. Hahn said that cartel 
disulphide removes variable amounts of phosphorus, while alcohol and ether have m 
solvent action. Boiling aikali-ly;e forms phosphine, leaving a red residue contmimg 
phosphorus and selenium. The behaviour with soIn. of the metal scdts resembles that with 
the tetritaselenide. 

J. Meyer obtained phosphorus tetritatrisdeiiMe, p 4 S^, as indicated akiT€, 
draiiig the distillation of tie alleged heroiselenide ,* by distiliiiig tbe heroitriseleiiMe ; 
and also by melting a mixture of tke component elements in tbe right proportions, 
at 215® to 2^®, and pi 2 rif 3 ring tbe product by distillation. Tbe compound sepamttt 
from its soin. in carbon disuipbide in orange-red crystals. They have a smell 
recalling pbospbine and also hydrogen selenide- According to J. Mai, this com- 
pound m readily obtained by tbe action of yellow phosphorus on powdered seleniiim 
in boffing tetrabydronaphtbalene ; and purifying tbe crude crystals by extnctioa 
with a mixture of carbon disuipbide and light petroleum. Tbe selenide appais to 
exist in two modificationSj but the tetrabydronaphtbalene reduces tbe temp, of 
reaction to such au extent that only tbe fonn stable at tbe lower temp, is obtaked. 
Tbe sp. gr. is 1-31 ; tbe m.p. is 24:2®. J. Meyer found that the b.p. is 360 ® to 
It pbospborm^ at 160®, and more strongly at a higher temp. In air, and pcasiblj 
also under the influence of li^t, the tetritatriselenide acquires a yeflow film of whit 
is probably finely-divided selenium. .The compound inflames when heated in ah, 
forming phosphorus pentoxide, and seleninm dioxide. It is very senative toW'Wds 
moisture. Moist air forms hydrogen selenide- Water has but little acti«. 
Sulphuric acid forms a green soin, ; and nitric acid oxidizes it readily. It is solulfc 
in carbon tetrachloride and disuipbide, chloroform, benzene, toluene, acetone, aw 
»©etyl«ie di- and tri-cMorides ; and it can be crystallized from these scilv»itt 
pr^. ; in air, the yellow soba. deposits selenium. With cone. potaA-lw» 
it forms phosphine, and a dark red liquid containing pota^ium polyselenMe, w 
hypophe^Mte which, in air, deports red selenium. 

0 . Haim, W. Muthmaim and A. Clever, and J. Meyer obtained 

or j^iDSipinnui iiemitris^enM^ PiSe^, by wanning a mixture of 
fsoofitatiimt demente in the right proportionsL According to 0. Hahrii the o»A 
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niby-red mass appears pale red in tkin layers, and looks like red pkosplionis wken 
powdered. It does not change in dry air, but slowly oxidizes in moist air ; 
W. Mutbmann and A. Clever added that it is not quite stable in dry air ; and in 
moist air, it forms hydrogen selenide and phosphorous acid. J. Meyer found that 
when heated it decomposes into the tetritatriselenide and the pentaselenide. 
0. Hahn observed that the tetritatriselenide burns in air with a pale flame, forming 
red fumes ; and it forms a little hydrogen selenide when treated with boiling water. 
A little hydrogen selenide is formed when the tetritatriselenide is treated with acids ; 
the compound dissolves freely in cold alkaii-lye ; and less readily in soln. of alkali 
carbonates ; W. Muthmann and A. Clever said that seienophosphates are produced 
by the action of alkaii-lye. 

W. Bogen prepared phosphorus pentaselenide, ^7 nielting a mixture of 
the two elements in an atm. of carbon dioxide ; 0. Halm, and W. Muthmann and 

A. Clever used a similar process. J. Meyer obtained it as a residue m the distilla- 
tion of the tetritatriselenide. A. Besson found that hydrogen selenide reacts slowly 
with phosphoryi chloride forming, in the course of 8 days, this sulphide : 4POCI3 
-f5H2Se=10HCl-l-2PO2Cl+P2Se5. The dark red or black mass was found by 

B. Eathke to crystallize from carbon tetrachloride in black needles. 0. Hahn 
found that the pentasulphide burns in air, forming a dense, red smoke ; and when 
distilled, vapours rich in phosphorus are first evolved, and afterwards selenium. 
0. Hahn said that the pentasiilphide is stable in air, hut W Muthmann and 

A. Clever added that it is nob quite stable in air because the powder always smells 
of hydrogen selenide, and it rapidly attracts moisture, forming hydrogen selenide 
and phosphoric acid. B. Eathke found that steam or boiling, water slowly forms 
hydrogen selenide and phosphoric acid. O. Haim stated that the pentasulphide is 
insoluble in carbon disulphide ; B. Eathke foimd that dry carbon tetrachloride 
does not decompose it at 200®, hut with the moist tetrachloride, carbon diselenide 
is formed. W. Bogen represented the reaction which occurs when the pentasulphide 
is warmed with alcohol, by P2Se5~|-5G2H50H=H2Se-hH20-f{C2H5)302Se.PSe 
-|-(C2H5)2H.02Se.PSe. C. Paai studied the reaction with acetonylacetone. 

B. Eathke said that with cone, potash-lye the reaction can be represented : P2Se5 

+16K0H=2K3p04+5K2Se-ri8H20 ; and W. Muthmann and A. Clever observed 
that seienophosphates are formed. 0. Hahn observed that when mixtuxes of 
phosphorus pentaselenide and the metal selenides are fused, phosphoselenides are 
formed. According to J. Mai, when iodine is added to a sola, of phosphorus selenide 
in carbon disulphide, phosphorus diiodotrisd^de, is formed. It melts 

at 154®-155® when rapidly heated. Phosphorus sulphc^enide was also prepared, 

J. J. Berzelius observed that molten selenium gradually dissolves arsenic, 
fo rm ing when cold a black, fusible mass which hubbies and boils at a red-heat, 
giving ofi the vapour of what appears to he a pei^lenide of arsenic ; the bubbling 
then ceases and no further change occurs xmtfl a white-heat is attained, when the 
product distils over in drops which solidify to a dark brown, shiny mass with a 
conchoidal fracture. Q. Little, and H. Pelabon obtained brittle, vitreous masses 
by fusing together different proportions of the two elements. E. Szarvasy pre- 
pared what appeared to be the most stable compound of arsenic, namely ax^nie 
hemisdenide, As2Se, by melting the two constituents in the requisite proportions, 
or with a very slight excess of arsenic, the operation being carried out in a sealed 
tube filled with nitrogen. The combination took place at about 600°, and the 
product, which consisted mainly of the monoselenide, was sublimed xmder press, 
in an atm. of nitrogen. The vapour densify at 617° corresponds with the formula 
at 1002° it corresponds with the formula As2Se, and above this temp., 
dissociation of the compound into its own elements occurs. B. Szarvasy and 
0. Messinger gave 15*48 at 617° when the normal vdue for As4Se2 is 15*84 ; this 
fells to 7*55 at 1159° — theory for As2Se, 7*92. According to E. Szarvasy, the 
hemiselenide forms black, metallic-looking crystals, giving a black streak. It is 
insoluble in the usual organic and inorganic solvents; cone, hydrochloric and 
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sulpliuric acids act on it slowly, boiling alkali hydroxides, however, '* 

in nincli the same manner as they do the lower sulphides of arsenic. 

H. ITelsinann. melted arsenic and selenium in the jiroportions required ' 
arsenic fxiseleilide, As 2 Se 3 , and obtained a black, amorphous mass which 
in sodadye, leaving bronze-coioiired plates behind; he obtained a dark Irrx- 
precipitate by |3assing hydrogen selenide into a soln. of arsenic trioxide rV-' ” 
acidified. The trisulphide forms a reddish-brown powder which melts at 
black liquid which freezes to an amorphous solid. H. Pelabon said that hviiror^: 
has an appreciable action on arsenious selenide, AsoSe^, even at 440', and tlk. 
excess of the selenide is emqjioyed the limiting value of the characteristic rat:;. > 
7-9 ; at 610"^, this value increases to 13*5. The interaction of hydrogen with a miinir? 
of selenium and arsenic at 610^ decreases rapidly as the proportion of the Liter 
metalloid increases. L. Moser and K. Atynsky obtained it by the action li at 
arsenic salt on a soln. of hydrogen selenide protected from air. According n 
H. Uelsmann, the trisulphide is soluble in nitric acid with the separation, at hrv 
of red selenium ; alkali-lye dissolves it, forming a reddish-brot\m liquid ; ana alkali 
sulphide soins. dissolve the triselenide without forming selenoarsenites. in: 
W. Muthmann and A. Clever did obtain Ka 3 AsSe 3 — vide mfra, selenoarsenite-. 
C. Lausen described jeromite as a mineral occurring in black fused globules on reck 
crevices from which hot gases issue in the United Yerde Mine at Jerome, Arizona, 
Thin splinters are cherry-red, and optically isotropic. The composition appmx- 
mates axsenic diselenide, As(Se,S) 3 . It !s insoluble in nitric acid. 

W. Muthmann and A. Clever prepared what they regarded as arsenic peitt- 
selenidej As^Ses, by heating the requisite proportions of the constituent eleniests. 
E. Szarvasy melted the mixture at about 400° in a sealed tube containing nitrogei. 
and purified the black, lustrous, brittle mass by distillation under reduced pre»^ 
The treatment of the product with carbon disulphide does not purify it so well 
W. Muthmann and A. Clever obtained the pentasulphide, as a reddish-hro^n 
powder, by treating potassium trioxypentaselenodiarsenate with acids. L. 
and K. Atynsky obtained it by a process analogous to that used for the triselenitle* 
E. Szarvasy and C. Messinger found that the vapour density at 800° is 9*59 whentfe 
normal value is 18*84 ; and it is 7*41 at about 900°. This corresponds with ttr 
dissociation into two mols., and at higher temp., viz. 1050°“11CK)°, it appears % 
dissociate into three mols. : As2Se5==As2Se-}-2Se2. W. Muthmann and A. Clever 
and E. Szarvasy found that the pentaselenide decomposes -when heated in air. 
forming red selenium and a greyish-black sublimate. It is not acted upon ly 
ordinary solvents. It is insoluble in water ; it forms a greenish-red soln. mih 
aq. ammonia ; it dissolves in soln. of alkali hydroxides and sulphides, but tie 
yellow liquids decompose when exposed to air, and when acidified with mineral 
acids give a reddish-brown fiocculent precipitate of the pentasulphide. The 
sulphide is insoluble in dil. acids and cone, hydrochloric acid, and is slowly decom- 
posed by warm, dil. nitric acid, very rapidly by cold, fuming nitric acid, whereh? 
arsenic and selenious acid are formed. It is insoluble in warm alcohol, ether, ani 
carbon bisulphide, and has neither taste nor odour. The pentaseknide loras 
selenoarsenates — vide infra — when treated with alkali selenide, and sulpiioseieno- 
arsenates — vMe infra — when treated with alkali sulphides. 

J, J. Berzeliuses observed that antimony and selenium readily unite ^ on tk 
application of heat ; the mass frequently becomes red-hot during the combinato* 
The product is a lead-grey mass with a crystaUine fracture, and fusing at a red- 
heat. When heated in air, it gives off a little selenium and forms a vitreous 
A<»or<iing to H. Pelabon, the cooling curve of mixtures with 11-39 _per cent. ^ 
selenium have two f.p., 566° and 518° respectively. There is a inaxinium ia tk 
Ip. curve at 605°, corresponding with the triselenide ; and a point of infiezli® « 
the cooling curve corresponds with antimony heptaselenide, Sb^Be^. P- 
added that the two f.p. observed by H. Pelabon are due to ineffectual stinisg . 
the two temp, represent the m.p. of two mixtures, the liquid not being hoinogeii«A^» 
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hut coMStiii^ of two phases, for on analyzing a mixture wiiicli had the two m.p. 
525“ and 56CP, the lower part contained 12*69 and the middle part 32*12 ner cent, 
of .-eleniuni. N. Parra vanos observations are summarized in Fi^ 43. "He also 
cshtaiiied only one compound, antimony triselenide, wliicli doe.^ not mix in all 
proportions with antimony. The two liquid layers 
in equilibrium contain respectively 11 and 35 per 
cent of selenium. The two non-miscible liquids 
have so small a difference in density that they do 
not separate completely during cooling. The dis- 
coiitiimitv, observed by H. Pelabon, is explained 
not by the formation of an heptaseleiiide, but is 
due to the partial miscibility of the triselenide with 
selenium. M. Ciiikashige and M. Fujita found a 
maxi mum in the f.p. curve at 572° corresponding 
with the formation of antimony selenide. This 
compound forms a eutectic at 497° with 46*5 per 
cent, of antimony, and the eutectic at 211° is very 
near the value for selenium itself. 

J. J. Berzelius, G. Hofacker, H. Uelsmann, 

H. Pelabon, P Chretien, FT. Parravaiio, etc., pre- 

])ared antimony triselenide, KSb 2 Se 3 , hy the direct union of the elements ; and 
the conditions of formation are illustrated in Fig, 43. J. J. Berzelius also 
made it by the action of hydrogen selenide on a soln. of potassium antimonyl 
tartrate. L. Moser and K. Atynsky used an analogous process. H. Uelsmann 
said that the black powder suddenly sinters at about 140°, and melts at a red-heat, 
and freezes to a grey, crystalline mass. H. Pelabon gave 605° for the m.p. ; 
P. Chretien, 611° ; N. Parra vano, 617° ; and M. Chikashige and M. Fujita, 572°. 
P. Chretien studied its reduction by hydrogen. H. Uelsmann said that it forms a 
brown soln. with hot ])otash-lje. H. PHabou measured the electrical resistance 
of the alloys, and found that the sp. resistance varies with the comjiosition, temp., 
and the ])revious history of the alloys. Thus, vith the Sb : Se-alloy : 

:3r»= 27r>" sss'- 4yr>’ ^ 

i? . 0*0939 0*1059 0*1350 0*1559 0*1768 0*1991 ohms. 

The resistance of alloys with more antimony increases less rapidly, but nearly 
proportionally with the temp. ; while the resistance of alloys containing more 
selenium increases regularly with the temp, up to a maxhnuiii, and then decreases 
to a minimum. The results are different according as the temp, is rising or falhng. 
Thus : 

!:>= 124" 313" 3G0" 440" 330" 217" 157" 15" 

B . 0*198 0*225 0*292 0*301 0*265 0*346 0*351 0*297 0*221 

^ ^ ^ 
Heating. Cooling. 

M. Padoa also studied the electrical conductivity, and found a maximum corre- 
sponding with Sh-^Se^. The e.m.f. of a cell with electrodes of antimony and 
antimony in a soln. of antimony trichloride acidulated with hydrochloric acid, 
varies with time, for at the start it was 0*0606 volt ; after being kept one day, 
0*08306 volt ; 2 days, 0*0875 volt ; 15 days, 0*1139 volt ; and after 30, 56, and 
65 days, respectively 0*1192, 0*1199, and 0*1197 volt. With alloys containing 
Sb ; Se in the molar ratio ; 

Sb : Se . 999 : 1 99 : 1 9:1 3:1 2:1 1:1 3:4 2:3 

Volts . 0*052 0*055 0*083 0*079 0*103 0*104 0*121 0-332 

and alloys richer in selenium have the constant e.m.f. of 0*33 volt. R. Kremami 
and P. Wittek's results with the cell are }>lotted in Fig. 44. The singular points 
indicate the existence of the mono- and tri-selenides. H. Pelabon found that the 
cells are sensitive to light. The e.m.f. rises sharply on illumination and then drops 
slowly, the drop becoming sharp when the source of light is removed. The red rays 



Fig. 43. — ^Free 2 dng-pomt Cii 2 r\'e 
of the Binary System : Anti- 
mony-Selenium. 
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are tlie most active in promoting tiiis effect. With the cell in open 
e.si.f. fiimiGishes sradoallv with rise in temp.^ but in closed eixcui: f' 

increa^^es rapidly as the temp. rAes. Tne 
electric force of the Sb : Se-alloy? against i 
with tie cold jimctioii at lip and the 
at a temp. ^7, shows a nmsdimiin eorre:rL cn':; 
with the presence of the triseleride, aLa z. 
case of the compound itself, the therniteitfritr : 
force is ten times as great at all temp. a= i 
mixtures differing even only slightly k seAm*; 
content from the compound. Further, antic, :nj 
triselenide, like other metallic selenides, has a 1 tij 
high thermoelectric force in the solid state. Vn’i 
antimony itself, or with the mixtures,, there t ; 
sudden change in the thermoelectric force wkn .u- 
element of the couple melts. For example, the thermoelectric forces of 
with platinum and antimony alone, and with antimony tiiselenide, are : 



a? 

Ai‘,/>er€e/^t.Se 

Fig-. 44. — Eleetromotive Force 
of the Sb 1 SbCla [ SbSe^-cell. 


& . 

162® 

270° 

376® 

518® 

645® 

711® 


Sb 

0*0071 

0*0128 

0*0189 

0-0256 

0*0302 

0*0315 

0*0315 

SbjSes . 

0*123 

0*197 

0*272 

0*364 

0*402 

0*403 

Ci-392 


Q, Hofacker obtained what he regarded as antimoiiy pentasdeniite^ k 

the action of hydrochloric acid on a soln. of sodium orthoselenoantimonate , i 
air has access, some selenium is formed. If the brown pow'der is heated. 
selenium is given off. It is reduced with difficulty by hydrogen : it k solalle :ii 
potash-1 je ; and forms seleno-salts with the metal selenides — vide selenoantimtkt^. 
and seienoantimonates. L. Moser and K. Atynsky could not prepare the piti- 
selenide by the action of antimonic salt on a soln. of hydrogen. 

According to P. Chretien, the cooling curve of alloys of anximony and selenium 
lour maxima : one corresponds with the triselenide, SbgSe^ ; another with 
monoselenide, SbSe, melting at 542® ; a third with antimony ietritapmtaseknide^ Sb|^* 
melting at about 590° ; and the fourth with antimony irUatetrasGlenide^ 
at about 605°. He also said that the complete, reduction of antimony tri»kidiift t,i* 
hydrogen proceeds step by step : Sb^Sej— >Sb 3 ^ 4 “->Sb 4 Se 5 — >SbSe. He said that £» 
relativa velocities of the reduction of Sb^Se^, Sb 4 & 5 , and SbSe are reprraeated iwpactiw^.^ 
by 28, 4*3, and 1. The existence of none of the alleged selenidte---Sb 3 Se 4 , «« 

SbSe-hcould he detwted hy N. Parravano, or by M. Chikashige and Foiita ; ' 

M. Parravano said that they merely repr^ent mixtures of antimony tdsuipMde iRts«- 
selemum. R. Kreroaim and R. Wittek said that the ©jn.f.-comp<»tioii^ curve, »o 
microecopic structure indicate the existence of the mono- and the tri-selenides. 

J. J, Berzelius observed that when bismuth and selenium are heated 
they unite with the faint evolution of light, and heat, to form a silver-white 
with a crystaUine fracture, and fusing at a red-heat. H. Pelabon inferred tMt 
lismiifli inofio^teniae, BiSe, shows itself as a singular point at m the 
curre of mixtux^ of selenium and bismuth ; and this compound »n mix m tat 
liquid state with an excess of bismuth, -and when heated with, seleninm in a 
tube it forms bismuth triselenide. H. Pelabon prepared the monc»eleiasfc 
fusmg together its constituents in eq. proportions. It is slightly d0»iB|W» 
hydrogen at §10®, but the change is limit^ by the inveme action ; the chaimetef* 
istic mtio of the proportion of hydrogen selenide to the total hydrogen ^ ^ 

equiibrium is but this value rapidly diminish^ to zero as the 
biKauth is increased. N. Parravano's observations on the f.p. curve of 

^lenium show that there is a discontinuity at about per cent, of . 
Mid ~§10L and a maximum at about 63 per cent, of biamuth and 7C# » 
^wwponds with the compound B%S€s. As the proportion of selenlmn k l«ri» 
lai»e»ed, the curve falls, then remains horizontal, and finally d«oei»is to tat 
of The thermal eff«3fe which mixtures mnfcainiiig §3-73 p» 
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so so 
Per cent Se 


bismuth show at 600°-610° is attributed to the existence ol Msmutb monoseienide. 
N. Tomosliige’s observations are summarized in Fig. 45. C. Hiitcbins studied tMs 
subject. The triseienide is represented by a maxi- 

mum on the iiquidus curve at 688°. The triseienide — r pp '--; — p — , 

mixes with an excess of bismuth in the liquid state. ^ 

and on cooling crystallizes out until the temp. 
reaches 602°, at which point a reaction takes place 

between the compound and bismuth with the for- — ^~T~ 

mation of the jS-form of the monoselenide, BiSe, """L j j ] 1 

the reaction tal^g place with development of heat, '"T " 

On further cooling, the monoselenide continues to ^oj 1 iTT 

crystallize out down to 422°, the transition point, ^ ^ 

at which it changes into the a-form. The final ercentSe 

eutectic temp, on the bismuth side is practically Fig. JtS.—Preezmg-point Cu^es 
the m.p. of bismuth, 267“. Ou the selenium side of 

the diagram the triseienide forms a homogeneous liquid with 14 per cent, of 
selenium, and at 604° it deposits the monoselenide. With more than 51 per cent, of 
selenium two layers are formed, the above homogeneous liquid being in equihbrium 
with a soln, of selenium containing 9 per cent, of bismuth. On cooling, the tri- 
sulphide is deposited until one Hquid layer disappears ; the other then deposits 
the compound, and finally crystalhzes as a eutectic at 161°. There is no sign on 
the fusion curve of the existence of F, RossleFs bismuth hemisdenide, Bi 2 Se, said 
to he formed, in octahedral crystals, by melting selenium with an excess of bismuth 
(1 : 20) and separating the excess of bismuth with cold, dil. nitric acid. 

In 1873, A. del Castillo described una nu&oa espeoie mineral de hismuto from 
Guanajuato, Mexico ,* and, shortly afterwards, V. Fernandez the occurrence of a 
bismuth selenide containing some zinc, which he called guanajimtite. A. Frenzel 
called it Selemoismuthglanz ; J, D. Dana, frenzdite — after A. Frenzel; and 

I. Domeyko, castiUite — A. del Castillo. H. Eose and co-worker described a deposit 
at Andreasberg. Analyses reported by H. Eose, V. Fernandez, C. F. Eammelsberg, 

J. W. Mallet, A. Frenzel, and F. A. Genth. agree with the formula for bismutli 
triselenidef Bi 2 Se 3 , contaminated with more or less bismuth trisulphide — a little 
zinc and iron compounds may be present, and A. de Gramont detected 
spectroscopically tballium and copper. The hluish-grey mineral sUaonite stated 
by V. Fernandez and S. Navia to occur near guanajuatite was represented as having 
the composition BigSe ; the analyses of H. D. Bruns indicated a composition nearer 
BigSes ; and both J. D. Dana, and V. Fernandez later agreed that it is not a homo- 
geneous individual, but rather a mixture of metallic bismuth and bismuth 
trisulphide. The sp. gr. is 643-6-45, and the hardness 3. 

Bismuth triseienide was prepared, as a steel-grey, crystaHine mass, by 
J. J. Berzelius, G. Little, E. Schneider, H, Felabon, and N. Parravano by the direct 


union of the elements ; and the conditions under which it is formed are indicated 
in M. Tomoshige’s diagram, Fig. 45. A. Hilger and P. A. van Scherpenberg obtained 
it by adding bismuth trioxide to a soln. of selenium in molten potassium hydroxide. 
The mass becomes red, and, when exposed to air, black. The black powder is 
washed "with water containing a little alkali. H. Uelsmann prepared the triseienide 
hy passing hydrogen selenide into a soln. of bismuth nitrate containing as little 
free nitric acid as possible. L. Moser and K. Atynsky used an analogous process. 
Guanajuatite is bluish-grey and it occurs in compact, granular, foliated, or fibrous 
masses, as well as in rhombic, bipyxamidal crystals which, according to A. Frenzel, 
are isomorphous with stibnite and bismuthinite. The acicular, prismatie crystals 
may he striated longitudinally, and form semi-compact masses ; the (010)-cleavage 
is distinct. A. del Castillo gave 5-15 for the sp, gr, of the mineral ; A, Frenzel, 
6*25 ; V. Fernandez, 6*62 ; E. Wittich, 6'25-6*97 ; G. F, Eammelsberg, 6-845 ; 
and F. A. Genth, 6-977. E. Schneider gave 6-82 for the sp. gr. of the artificial 
trisulphide. A. del Castallo gave 2 for the hardness ; A. Frenzel, 2*5— 3-0 ; and 
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Y. Fernandez. 3*5. J. J. Berzelius, and H. L^elsmann said tliat tLe 
selenide melts at a red-iieat, and, according to R. iSciineiier. this otmr* ”^r” 
loss of selenium ; L. H. Borgstrdm gave for the in.p. H. F-Ao-l -- . o 
717^ for the in p, : X. Parravann, 706^ : and M. TonvA-rii^e, dtth A. m -r. v 
studied the spark spectmm of the mineral. F. Beijerinck. and H. G, 
that the mineral is a conductor of electrieitv. £. Becquerel made ch-cr’ v - * 
the Tliermoeiectric properties of the aliov. E. T. Wheriv found guann] ‘ 
fair radio-detector. R. Schneider, and G. Little obsert'ed that the triieArnt: 
oS seienium and forms a black oxide when heated in air ; it is sscarcelp ’ 

hydrochloric acid — cold or boiling; it is attacked only a little by diL mrn> 
but the cone, acid, and aqua regia, decompose it easily and completely :: > / , 
verted by molten potassium nitrate into bismuth oxide and potassium 
and, according to H. Uelsniann, it dissolves in molten ammo mum cisinutu A' 
to form bismuth selenochloride. A. Hilger and F. A. van Scherpenberg 
that with fused potassium carbonate a metaselenobismuthite is Lmel, ; 
F. Rossler, that with silver selenide it forms a silver seienobLmuthite, 

M. Weibuil described a mineral from the Fabian mines, Sweden, and anaiy^ea w?rt a*. 
reported by F. A. Gentb, and T. L. Walker. G. Fiink called it weihillite. M. 
represented the composition by PbS.BioS^-PbS.jBigSea ; F. A. Gentii, by Pb{Se,S .Bi| swA . 
P. Grotli and K. Mieleitner by PbRi^lASe)^ ; and G. Fiink, by 2PhS,Bi4SeaS3. It 
in lead-grey plates. F. A. Genth gave 7*245 for the sp. gr. ; G. Fiink, ti-97, an'i /v 
the hardness. G. Fiink described crystals of graphite-black mineral from Faben, el-: 
called it piatynite — from ^Xanyeiv. Its composition is PbS.BijSe,, or 


S< 


Bi— Se 
Bi — Se 


>Pb 


The cry^stais are trigonal with a : c=I : 1*226. P. Groth and K. Mieleitner regarded i 
aa a siiIpho-sa!t related to zinekenite. The sp. gr. is 7*9S, and ^the harsix^ 

K. Johansson, and A. Sehwantke described another mineral from Fahlan : it 
molybdenum glance, and occurred in rhombic or monoclmic cry^stals with the xcmponx h 
5PbS. 361^(8, It w-as called wittite. Its sp. gr. is 7*12; md its hardn»» I-- ^ 
A mineml occurring in the dolomite of Serrania de Bonda tvas described by S. F* de 
and named by C. Doelter, mbiesite. The composition is 
hardness is 2, and its sp. gr. 6*8. 


According to W. von. Bolton, if an intimate mixture of eq. propoitiaia k 
seknimn and columbium is heated under fused potassium chloride, a bUck, 

srfenide is formed ; and similarly also with tantalum. The res&tita^ 
Hack tanMnm sdenide is decomposed by exposure to air, forming 
selenide. 

The formation and properties of sulphur selenide are discussed in coaB«ctK5- 
with Beknium sulphide. No tellurium selenide has been prepared. Aceordhig 

J. J. Berzelius,-! selenium and tellixriiim 
fused together in ail proportions. Combiciti» 
occurs with ther evolution of heat to form an 
black, brittle mass, with a crystalline fiactwf . 
product fuses below a red-heat, and hoik ^ 
higher temp. It can be vaporized com|ikt;ely 
of contact with air, but it readily oiddizes in 
forming wbat he regarded as tellurium 
H. B. Foullon i>ointed out that iiati%^e tmlsMm 
often contains selenium ; and E. S. 

H. L. Wells found that the selmidlmrium 
in the Ojojama District, Honduras, ba% 
ducting gangue, 29-31 per cent, of seleBia® 
70-69 p« cent, of teluxium. It occurs 

T • ■ t. ^ 

It IS an isomorphoms mixtiire of selemum ana Wiuxiuni. 1% 

to G. Pelitii and G. Vio, the two elements are -completely isomorphoui ; t ^ '-r 



Fie. 46, — Fjreezmg-point Curve 
of Mixtures of Selenium and 
Tellurima. 


eolciur* 
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V. Fernandez, 3*5. J. J. Berzeliufa, and H. Uelsmann said that the 
selenide melts at a red-heat, and, according to R. Schneider, this 
loss of selenium ; L. H. Borgstrom gave 690^ for the m.]i, H, PAaltf-n 
717^ for the m p. ; X. Parravaiio, 706"" ; and M, Tonioshige, A. he 

studied the sxiark spectiaini of the mineral. F, Beijerinck. anti R. G. Ear;-"'*. ^ 
that the mineral is a conductor of electricity. E. Becquerel made obser-i,!: ' - f ' 
the thermoelectric properties of the alloy. E. T. Wherry found guanaiiiatit- 1 **" . . 
fair radio-detector, R. Schneider, and G, Little observed that the trmelern'ih ^ M 
ofi selenium and forms a black oxide when heated in air ; it is scarceiv atuci*-: - 
hydrochloric acid — cold or boiling ; it is attacked only a little bv diL nirn^" 'I ' 
but the cone, acid, and aqua regia, decompose it easEy and completelv : r, p. ^ 
verted by molten potassium nitrate into bismuth oxide and potassium 
and, according to H. Uelsmann, it dissolves in molten ammonium bismuth ehPr,> 
to form bismuth seienochloride. A. Hiiger and P. A. van Seherpenherg 
that with fused potassium carbonate a metaselenobismutliite is formed * a: „ 
F. Rossler, that with silver selenide it forms a sEver selenobismuthite. 

M, Weiboii described a mineral from the Fablun mines, Sweden, and analyses wer" 
reported by F. A. Gentb, and T. L. Walker. G. Flink called it welballlter 31. %t.bu 
represented the composition by PbS.Bi 2 S 3 .PbS.Bi 2 Se 3 ; P. A. Genth, by FblSe.S.'.Bn s»-,d 
P. Groth and K. IMieleitner by PbBi 2 (ASe)i ; and G. Flink, by dPbS.Bi^SeaSs. It n . 
in lead-grey plates, F. A. Genth gave 7-245 for the sp. gr. ; G. Flink, 6*97rand 2-7 j.« 
the hardness. G, Flink described crystals of ^aphite -black mineral from Faben, ard .t? 
called it platynite — ^from Tr\ariy€7v, Its composition is PbS.Bi^Ses, or 


S< 


Bi — Se 
Bi—Se 


>Pb 


The crj'stais are trigonal with a : c—1 : 1-226. P. Groth and K. 3Iieleitiier regarded 
as a sulpho-salt related to zinckenite. The sp. gr. is 7*98, and the hardnes 2-5. 
K. Johansson, and A. Schwantke described another mineral from Fahlun ; it refieE:t.^,i 
molybdenum glance, and occurred in rhombic or monoclinic crystals with the eompcs*t 2 2 
5 PbS. 3 Bi 3 (S,Se) 3 , It was called wittite. Its sp. gr. is 7-12 ; and its hardr^w 2-2*7 
A min eral occurring in the dolomite of Serrania de Ronda was described by S. P. de Ririw. 
and named by C. Doelter, rabiesite. The composition is 8 Bi 2 S 3 .Sb 2 Ss.Bii(Te,S 6 ;-. Iti 
hardness is 2 , and its sp. gr. 6 - 8 . 

According to W. von Bolton,20 £f an intimate mixture of eq. proportions if 
selenium and columbium is heated imder fused potassium chloride, a Mack, brittie 
columbimn selenide is formed ; and sinElarly also with tantalum. The resulting 
black tantalum selenide is decomposed by exposure to air, forming hydrew 
selenide. 

The formation and properties of sulphur selenide are discussed in connecti.s 
with selenium sMphide. Xo tellimum selenide has been prepared. According t*; 

J. J. Berzelius,-^ selenium and tellurium l'« 
fused together in all proportions. Combiimtioii 
occurs with the* evolution of heat to form an iKa- 
black, brittle mass, with a crystalline fracture. 
product fuses helow a red-heat, and boils at <4 
higher temp. It can be vaporized completely cut 
of contact with air, but it readily oiodizes in m, 
forming what he regarded as tellurium selenitt- 
H. B. Foullon pointed out that native telkai® 
often contains selenium ; and E. S. Dana a!i4 
H. L. WeEs found that the seleMellunum oceumii^, 
in the Ojojama District, Honduras, has, after ^ 
ducting gangue, 29*31 per cent, of selenium a** 
70'69 per cent, of teUurium. It occurs jmmrt, 
with a hexagonal cleavage, and of a greyish-M»cfc 
colour. It is an isomorphous mixture of selenium and tellurium. 
to G. Pellini and G. Vio, the two elements are completely isomorphous i the 



Fig. 46 . — ^Frefczing-point Curve 
of Mixtures of Selenium and 
Tellurium. 
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of mixtures of selenium and telinriunL fnrnisli a continuous curve between 219"^ 
and 450", ttie f.p. of tbe respective elements. The upper portions of the solidirecl 
mixtures are richer in selenmin than the lower ones. All the mixtures solidifv in 
mixed crystals of the hexagonal-rhomhohedral type, which is that to which' the 
crystals of both selenium and tellurium belong. G. Pelliiii and G. Yio missed the 
rmniinum point of the curve. Fig. 46, given by Y. Kimata. Here the tellurium and 
selenium form two series of solid soln. These meet at 95 per cent. Se and at 
which temp, the liquid and solid phases have the same composition. The two 
branches of the liquidus and solidus curves intersect at a sharp angle, suggesting a 
eutectic, but all the alloys are microscopically homogeneous. "Whether a compound 
is formed at this point is undetermined. M. Padoa found that the sp. hts. of solid 
snin. were additive — vide sp. ht. sulphur. There is no evidence to show whether 
or not a compound is formed. S. Lossana studied the ternary system : S-Se~Te — 
Tide teEurium sulphide. 

H. Moissan -- obtained chromium selenide, CrSe, by heating chromous chloride 
in a stream of hydrogen selenide, or hy heating chromium hemitriselenide in 
hvdrogen. The black powder is readily attacked by chlorine. AT. F. de Jong and 
H. AT. A". ATiliems found that the X-radiogram of chromium monoselenide agrees 
wlih a hexagonal lattice having a=3*59 A., and c=5*80 ; and a sp. gr. 6*74- 
H. Aloissan also obtained chromium hemitriselenide, Cr^Seg, by heating ^chromic 
chloride m a current of hydrogen seienide, or chromic oxide, which has not been 
pre-calcined, in selenium vapour carried along by hydrogen or nitrogen. The 
black crystalline, or brownish-black amorphous mass resembles chromic sulphide. 
It forms the monoselenide when heated out of contact with air ; and it is with 
difficulty attacked by acids, L. Moser and K. Atynsky could not make chromium 
seienide by a wet process. J. Alilbauer prepared potassitim chromic seleniie, 
K 2 Cr 2 Se 4 , by heating a mixture of selenium, potassium cyanide, and chromium 
sesquioxide at a red-heat. The salt forms dark green, hexagonal crystals, which are 
readily soluble in nitric acid, but insoluble in hydrochloric acid. 

H. Uelsmann treated an acidified soln. of ammonium molybdate with hydrogen 
seienide and obtained a dark brown soln. which gives a brown precipitate of moly- 
bdenum triselenide, MoSes, when treated with acids. The product is contai&inated 
with a bluish-grey substance. L. Moser and K. Atynsky made the triselenide by 
the action of molybdic salt on a soln. of hydrogen seienide. AA^. AT. Coblentz found 
that molybdenum seienide is not photochemicaliy sensith^e. According to 
E. AA’endehorst, if a sulphuric acid soln. of ammonium molybdate be reduced with 
zinc until it becbmes deep reddish-brown, and then saturated with hydrogen 
seienide, dense, brownish-black leaflets of molybdenum hemipente^lenMe, 
Mo 2 Se 5 , are deposited ; and if a mixture of molybdenum trioxide and selenium be 
heated in hydrogen to dull redness, bluish-black, glistening leaflets of molyMemiili 
diselenide, MoSeo, are formed, and they are insoluble in alkali soln. A^. M. Gold- 
schmidt discussed the structure of the crystals. E. ATendehorst observed that when 
a mixture of potassium carbonate, selenium, and molybdenum dioxide is fused above 
1200°, and the product is leached with water, dark lead-grey crystals of molyMeiltoii 
hemitriseleiiide, Mo 2 Se 3 , remain. If a soln. of potassium molybdate in cone, 
potash-lye, be treated with hydrogen seienide, red needles of potassium selmo- 
molybd^e, K 2 MoBe 4 , separate; while if a soln. of molybdic acid in cone. aq. 
ammonia be similarly treated, aromoBitim sel^omolyMa^ (NH 4 ) 2 M <:^43 appears 
in glistening blue crystals ; but sodium selenomolyMate could not be similarly 
obtained. All selenium compounds of molybdenum prepared in the wet way 
rapidly decompose on exposure to the air ; their preparation must therefore be 
carried out in an atm. of nitrogen. 

H. Uelsmann, and L. Moser and K. Atynsky prepared tungsten toselenMe, 
by similar processes to those employed for the molybdenum compound, but 
using sodium tungstate in place of the molybdate. It is soluble in soln. of alkaE 
hydroxides, sulphides, and selenides. AThen heated out of contact with air it loses 
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one-tiiird. of its seleniiinij forming tungsten discleiiM©^ Seg. Y. M. Goldsckmidt 
discussed tlie structure of tKe crystals. C, H. eber claimed tbat traces of selenium 
makes tunusten filaments tougker and more fiezibie tban the ordinary filaments used 
for incandescent lamps. According to X, Lenher and A. G. Frueman, a soln. of 
ammoniuin tungstate in a fiask was treated with nitrogen to sweep out the air, and 
then with hydrogen seienide. If the soin. be sat. with gas, green crystals of 
ammonimn tetraseleiiotajigstate, (XIl4l2YrSe4, were formed ; and if the soln. is in- 
completely sat., red crystals of amMOBiuiii dioxydis^leiiotiiiigstates (XH 4 ) 2 'WSe 202 , 
are produced. These salts, when washed and dried, do not show any discoloration 
when kept in a calcium chloride desiccator for several months. However, a slight 
odour which resembles hvdrogen seienide can be detected. Both the seleno- 
tungstate and the diseleno-tungstate are readily soluble in water, somewhat soluble 
in alcohol, but insoluble in ether, benzene, and carbon disulphide. The seleno- 
tiingstate yields a red aq. soln. which is slowly decomposed in the air, giving a brown 
precipitate. The precipitate is probably a mixture of selenium and tungsten 
triselenide, WSe 4 , The diseleno- tungstate gives an aq. soln. which is similar in 
colour to a soln. of potassium dichromate, but the colour of cone. soln. is also red. 
Aq. soln. of the diseleno-tungstate are slowly decomposed in the air and a pre- 
cipitate of red selenium is formed. Green crystals of ammonium seleno-tn^state 
are reddish-brown in a finely pulverized state. In order to minimize oxidation, the 
crystals were pulverized under benzene. 

A. Colani prepared uranium diselenide, IISes, by heating to duli redness 
sodium hexachlorouranate in hydrogen seienide, or better, in the vapour of selenium 
carried along in a current of hydrogen ; if the temp, attains 1CXX)°, crystals of uranium 
hemitiiseleiiide, are formed. The diselenide is also formed by double 

decomposition of sodium hexachlorouranate and tin seienide at a red-heat in 
hydrogen. The black, crystalline powder of the diselenide may inflame spon- 
taneously in air. It can be preserved in sealed tubes. Its properties resemble 
those of uranium disulphide, but it is far more sensitive towards oxidizing agents. 
L. Moser and K. Atynsky could not prepare Yranium seienide by the wet process. 
J. hlilbauer prepared uiasiyl seienide, U02Se, by heating a mixture of selenium, 
potassium cyanide, and uranium oxide (prepared firom uranyl acetate) at low red- 
heat. The salt forms black, hexagonal prisms with a metallic lustre and closely 
resembling uranyl sulphide. When cold hydrochloric acid is added to it, hydrogen 
seienide is evolved and uranyl chloride produced. It is acted on very vigorously 
by nitric acid, selenium at first separating and then gradually oxidizing. 

According to J. J. Berze]ius,25 soln. of manganese salts and alkali selenides give 
a pale red precipitate which becomes a darker red when exposed to air owing to its 
deconjposition and the separation of selenium. E. Beeb compared its properties 
with those of the sulphide, C. Fabre, and H. Fonzes-Diacon obtained mangaue^ 
Mfiiaide, MnSe, in a similar way. C. Fabre also prepared it by passing the vapour 
of wlenium over red-hot manganese ; L, Moser and K. Atynsky obtained it by the 
action of a manganese salt on a soln. of hydrogen seienide out of contact with air ; 
and H. Fonz^-Diacon, by pa^ng a mixture of hydrogen seienide and nitrogen over 
anhydrous manganous chloride at a duli red-heat, and by reducing manganese 
Mienate with four times its weight of carbon in an electric furnace. Manganese 
seienide appears as a shining, grey regains containing acicular crystals, and that 
prepared in the electric furnace consists of grejdsh-black, opaque, cubic crystals. 
W. F. de Jong and H. W. Y. Willems found that the X-radiograms agree with a 
cubic lattice, and E. Broch gave for the face-centred cubic lattice, u=5'448 A., 
and sp. gr. 5*47. H. Fonzes-Diacon observed that the sp. gr. is 5*59 at 15*^. The 
c»in|»imd is steble at a high temp. 0. Fabre gave 31 T4 Cals, for the heat of forma- 
tion of the crystaliine seienide, and 27*50 Cals, for that of the precipitated. Accord- 
ing to H. Fonzes-Wacon, manganese seienide is completely oxidized when heated 
to^TMiness in oxygen; it is attacked by boiling water; and hydrogen dioxide, 
ftcidifiei with hydrocMoric acid, converts it into seienate. It is easily attacked 
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of mixtures of selenium and tellurium furnisli a continuous curve between 219® 
and 45^°? respective elements. TKe upper portions of the solidified 

mistures' are richer in selenium than the lower ones. All the mixtures solidify in 
mixed crystals of the hexagonal-rhombohedxal type, which is that to which the 
crystals of both selenium and tellurium belong. G. Fellini and G, Vio missed the 
minimum point of the curve, Fig. 46, given by Y. Kimata. Here the telluxium and 
selenium form two series of solid soln. These meet at 95 per cent. Se and 130®, at 
which temp, the liquid and solid phases have the same composition. The two 
branches of the liquidus and solidus curves intersect at a sharp angle, suggesting a 
mitectic, but all the alloys are microscopically homogeneous. Whether a compound 
is formed at this point is undetermined. M. Padoa found that the sp. hts. of solid 
soln. were additive — vide sp. ht. sulphur. There is no evidence to show whether 
or not a compound is formed. S. Lossana studied the ternary system : S-Se-Te — 
vide tellurium sulphide. 

H. Moissan 22 obtained chromitim selenide, CrSe, by heating chromous chloride 
in a stream of hydrogen selenide, or by heating chromium hemitriselenide in 
hydrogen. The black powder is readily attacked by chlorine. W. F. de Jong and 
H. W. V. Willems found that the X-radiogram of chromium monoselenide agrees 
with a hexagonal lattice having a=3-59 A., and c=5‘80 ; and a sp. gr. 6*74. 

H. Moissan also obtained chromium hemitriselenide, Gr 2 Se 3 , by heating chromic 
chloride in a current of hydrogen selenide, or chromic oxide, which has not been 
pre-calcined, in selenium vapour carried along by hydrogen or nitrogen. The 
black crystalline, or brownish-black amorphous mass resembles chromic sulphide. 

It forms the monoselenide when heated out of contact with air ; and it is with 
difficulty attacked by acids. L. Moser and K, Atynsky could not make chromium 
selenide by a wet process. J. Milbauer prepared potassium chromic selenide, 
K 2 Cr 2 Se 4 , by heating a mixture of selenium, potassium cyanide, and chromium 
sesquioxide at a red-heat. The salt forms dark green, hexagonal crystals, which axe 
readily soluble in nitric acid, but insoluble in hydrochloric acid. 

H. Uelsmann 23 treated an acidified soln. of ammonium molybdate with hydrogen 
selenide and obtained a dark brown soln. which gives a brown precipitate of moly- 
bdenum triselenide, MoSes, when treated with acids. The product is contaminated 
with, a bluish-grey substance. L. Moser and K. Atynsky made the triselenide by 
the action of molybdic salt on a soln. of hydrogen selenide. W. W. Coblentii found 
that molybdenum selenide is not photochemically sensitive. According to 
E. Wendehorst, if a sulphuric acid wsoln, of ammonium molybdate be reduced with 
zinc until it becomes deep reddish-brown, and then saturated with hydrogen 
selenide, dense, brownish-black leaflets of molybdenum hemipentaselenide, 
Mo 2 Se 5 , are deposited ; and if a mixture of molybdenum trioxide and selenium be 
heated in hydrogen to dull redness, bluish-black, glistening leaflets of molybdenum 
diselenide, MoSe 2 , are formed, and they are insoluble in alkali soln. V. M. Gold- 
schmidt discussed the structure of the crystals. B. Wendehorst observed that when 
a mixture of potassium carbonate, selenium, and molybdenum dioxide is fused above 
1200°, and the product is leached with water, dark lead-grey crystals of molybdenum 
hemitriselenide, Mo 2 Se 3 , remain. If a soln. of potassium molybdate in cone, 
potash-lye, be treated with hydrogen selenide, red needles of potassium seleno- 
molybdate, K 2 MoSe 4 , separate ; while if a soln. of molybdic acid in cone. aq. 
ammonia be similarly treated, ammonium selenomolybdate, (NIl 4 ) 2 MoSe 4 , appears 
in glistening blue crystals ; but sodium selenomolybdate could not be similarly , 
obtained. All selenium compounds of molybdenum prepared in the wet way 
rapidly decompose on exposure to the air ; their preparation must therefore be 
carried out in an atm, of nitrogen. 

H. Uelsmann, and L. Moser and 1C. Atynsky prepared tungsten triselenide, 
WSeg, by similar processes to those employed for the molybdenum compound, but 
using sodium tungstate in place of the molybdate. It is soluble in soln. of alkali 
hydroxides, sulphides, and selenides. When heated out of contact with air it loses 
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one-tMid of its selenima. forming tnBgsten dfeelenide, WSea- T. M. Goldseiiinidt 
discussed tne structure gi the crystals. C. H. Weber claimed tbax traces of seleniuin 
makes tungsten ulaineiits tougber and more dexible tban tbe ordinary filaments used 
for incandescent lamps. Accopiing to Y. Lenier and A. G- Friiemaiij a soln. of 
ammonium tungstate in a fiask vas treated with nitrogen to sweep out the air, and 
tben witb hydrogen selenide. If the soln, be sat. witb gas, green crystals of 
ammoiiiiim tefra^lenotimgstate, (XH4’;2WSe4. were formed ; and if the sok. is in- 
completely sat., red crystals of anuBOMim dioxyiisefeiiotiiiigslate^ (XH4j.2WSe202j 
are produced. These salts, when washed and dried, do not show any discoloraTion 
when kept in a calcium cMoride desiccator for seTerai months. However, a slight 
odour wMch resembles hydrogen selenide can be detected. Both the seleno- 
tungstate and the diseleno-tiingstate are readily soluble in water, somewhat soluble 
in alcohol, but insoluble in ether, benzene, and carbon disulphide. The seleno- 
tungstaie yields a red aq. soln. which is slowij decomposed in the air, giving a brown 
precipitate. The precipitate is probably a mixture of selenium and tungsten 
triselenide, WSe4. The diseleno-timgstate gives an aq. soln. which is similar in 
colour to a soln. of potassium dichromate, but the colour of cone. soln. is also red. 
Aq. soln. of the diseleno- tungstate are slowly decomposed in the air and a pre- 
cipitate of red seienium is formed. Green crystals of ammonium seleno-tungstate 
are reddish-brown in a finely pulverized state. In order to minimize oxidation, the 
crystals were pulverized under benzene. 

" A. Colani 24 prepared uianiUDi disdenide, by heating to duH redness 

sodium hexachlorouranate in hydrogen selenide, or better, in the vapour of seieniuin 
carried along in a current of hydrogen ; if the temp, attains 1000®, crystals ofuiaiimiii, 
hemitriselenide* 112863, are formed. The diselenide k also formed by double 
decomposition of sodium hexacHorouranate and tin selenide at a red-heat in 
hydrogen. The black, crystalline powder of the diselenide may inflame spon- 
taneously in air. It can be preserved in sealed tubes. Its properties resemble 
those of uranium disulphide, but it is far more sensitive towards oxidizing agents. 
L. Moser and K. Atynsky could not prepare Mranium selenide by the wet process. 
J. Milbauer prepared uranyl selenide, U02Se, by heating a mixture of selenium, 
potassium cyanide, and uranium oxide (prepared firom uranyl acetate) at low red- 
heat. The salt forms black, hexagonal prisms with a metallic lustre and closely 
resembling uranyl sulphide. When cold Wdrochloric acid is added to it, hydrogen 
selenide is evolved and uranyl chloride produced. It is acted on very vigorously 
by nitric acid, selenium at first separating and then gradually oxidizing. 

According to J. J. Berzelius,25 soln. of manganese salts and alkali selenides give 
a pale rad precipitate which becomes a darker red when exposed to air owing to iis 
decomposition and the separation of selenium. E. Beeb compared its properties 
with those of the sulphide. G. Fabre, and H. Fonzes-Diacon obtained 
Mtenide, MnSe, in a similar way. 0. Fabre also prepared it by passing the vapour 
of selenium over red-hot manganese ; L. Moser and K. Atynsky obtained it hj the 
action of a manganese salt on a sohi. of hydrogen selenide out of contact with air ; 
and H, Fonzes-Diacon, by pa^ng a mixture of hydrogen selenide and nitrogen over 
anhydrous manganous chloride at a dull red-heat, and by reducing manganese 
selenate with four timas its weight of carbon in an electric furnace. Manganese 
selenide appears as a shining, grey regulus containing acicular crystals, and that 
prepared in the electric furnace consists of greyish-biaek, opaque, cubic crystals. 
W. F. de Jong and H. W. V. Willems found that the X-radiograms agree with a 
cubic lattice, and E. Broch gave for the face-centred cubic lattice, a=5*448 A., 
and sp. gr. 5*47. H. Fonzes-Diacon' observed that the sp. gx. is 6-59 at 15®. The 
compound is stable at a high temp. G. Fabre gave 81*14 Cals, for the heat of forma- 
tion of the crystalline selenide, and 27*50 Cals, for that of the precipitated. Accord- 
ing to H. Fonzes-DiacoTi, manganese selenide is completely oxidized when heated 
to reduCTS in oxygen ; it is attacked by boiling water ; and hydrogen dioxide, 
acidified with hydrochloric acid, converts it into selenate. It is easily attacked 
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by dii. acids — with hydrochloric acid, hydrogen selenide is evolved. It burns in 
chlorine to manganous chloride and selenium dichloride. J. Meyer and H. Bratke 
prepared potassium manganese selenide by fusing together potassium carbonate, 
manganese and selenium ; it is unstable in air, and in contact with water ox acids. 

According to J. J. Berzelius,^® when the vapour of selenium is passed over 
heated iron filings, the combination which occurs is attended by the evolution of 
light and heat ; when a mixture of iron filings and powdered selenium is heated, 
the partial combination which occurs is not attended by visible combustion. The 
yellowish-grey iron selenide so formed has a metallic lustre, and it is a hard, brittle 
'mass with a granular fracture. It fuses at a high temp., forming a brittle reguliis 
with a conchoidal fracture. According to 6 . Tammann and K. Schaarwachter, 
the two elements begin to react at 200"^. The selenide was also prepared by B. Bivers 
and T. Shimidzu — mde supra, hydrogen selenide — and its analysis agreed with 
ferrous selenide, BeSe, or iron monoselenide. G. Little melted the mixed elements 
under borax. H. Fonzes-Biacon prepared it by the action of selenium vapour 
carried in a current of nitrogen, on red-hot iron ; hydrogen selenide gives a similar 
result, hut its action is slower. An impure product was also obtained by heating 
iron selenate with carbon. L. Moser and E. Boctor obtained ferrous selenide by 
passing selenium vapour over the metal heated in vacuo. Ferrous selenide forms a 
black, metallic mass which is stable in air. W. F. de Jong and H. W. V, WiHems 
found that the X-radiograms agree with a hexagonal lattice having a =3-61 A., 
and 0=5*87 A. ; and a sp. gr. 6-78. I. Oftedal studied this subject. G. Little gave 
6*38 for the sp. gr. C. Fabre obtained 18*44 Cals, for the heat of formation of the 
crystalhne and 15*42 Cals, for the precipitated selenide. T. Midglej and 
C. A, Hochwalt used ferrous selenide as a catalyst for cracking petroleum oils. 
According to E. Eeeh, hydrogen selenide gives a brownish- violet precipitate of 
hydrated ferrous selenide when passed into a soln. of a ferrous salt ; with an acetic 
soln. of ferrous acetate, the precipitate is black. L* Moser and K. Atynsky obtained 
ferrous selenide by the action of a ferrous salt on a soln. of hydrogen selenide out 
of contact with air, but they could not prepare selenide, Fe 2 Se 3 , in this way. 
E. Reeb found that ferric salt soln. are first reduced to ferrous salts by hydrogen 
selenide, and they then give the same precipitate. Hydrated ferrous selenide is 
insoluble in alkali-lye and soln. of ammonium sulphide, hut it is soluble in hydro- 
chloric, nitric, and acetic acids. Iron selenide, said J, J. Berzelius, dissolves in 
hydrochloric acid with the evolution of hydrogen selenide, and if air be present, 
a red cloud is formed owing to the decomposition of the hydrogen selenide to form 
selenium, and at the same time there is evolved another gas which has a disagree- 
able odour, is not absorbed by water or by alkali-lye, and gives a black precipitate 
with a soln. of mercurous nitrate. G. Little found that with dil. nitric acid it 
gives off hydrogen selenide, and it forms a yellow liquid with the cone. acid. 
J. J. Berzelius said that when powdered iron selenide is heated with selenium, it 
takes up more of the selenium, forming a brown powder — ^presumably from 
G. Little’s analysis, ferric selemde, FegSes, or iron hemitriselanide — ^wbich is in- 
soluble in hydrochloric acid, and gives off the excess of selenium at a bright red-heat. 
G. Little obtained it as a yellowish-grey mass, by melting a mixture of selenium 
and iron selenide under borax ; and H. Fonzes-Biacon, by the action of hydrogen 
selenide on ferric oxide or anhydrous ferric chloride at a dull red-heat. H. Fonzes- 
Biacon obtained iron 6ritatetraselenide, Fe 3 Se 4 — possibly ffrom the analyses, 
¥ 67863 — ^by heating iron oxide to redness in a current of nitrogen charged with 
hydrogen selenide ; iron disdenide, FeSeg, by the action of hydrogen selenide on 
anhydrous ferric chloride at 250°-300'*. W. F. de Jong and H. W. V. WiUems 
could not prepare crystals of the diselenide. H. Fonzes-Biacon obtained iron 
hemiselenide, Fe 2 Se, by beating to whiteness one of the above selenides in a current 
of hydrogen. According to H. Fonzes-Biacon, the iron selenides form oxide of 
iron and selenium dioxide when heated in oxygen ; chlorine at a gentle heat dis- 
places the selenium, and, at a higher temp,, bromine, and iodine vapour act 
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siniilariv at a Lislier temp. Tlie iron selenides are attacked tvitn di^eulty by core, 
bydrc^cnlorie acid, and bv nydrogen -^aloride. Iron diseleride is not attacked at 
all by tlie acid. Hot fuming nitri''' acid transforms the selenides into seienite-. 
J. Meyer and H. Bratke obtained iron trftatetraseleniie, Fe;;^Se4. or FeNeSe^h. hr 
fusing together iron, selerinm, and potassimn cyanide : and pota^nm iioi 
iiseleniie, K[Fef^e 2 b in dark viuler crystal-, fairly stable in air, by fusing together 
iron, selenium, and notas-iara carbonate : arol silver iron seleniie, 3Ag.2Se.2Fe3>e4, 
or AggFegSe^x- the apprepriate elements together, but the products lUdv 

really be a Ruxture. 

J. J, Berzelius found that cobalt and selenium unite with incandescence when 
heated, fonnimr a frrey mass with a metallic lustre and crystahine structure, which 
fuses at a reddieat. G. Little used a similar process. If the combination is eii'ected 
in an atm. of hydrouen, -ome hyJrouen selenide is formed. The product is cobalt 
seleiiide» Codel If it be melted under boras, the selenide appears as a yellow 
crystalline mass of sp. T-64T. H. Fonze^-Biacon also obtained it 'oy passinu 
the vapour of seleniuin iwer cobalt ; and L. Moser and K. Atynsky, as in the case 
of ferrous selenide. IV. F. de Jrmg and H. \Y. T. Mdllems found that the X-radio- 
gram agrees wdh a hexagonal lattice with a=3'&J A., and €=5*27 A. ; and a sp. ur. 
of 7-T?. I. Oftedai studied this subject. C. Fabre gave 18*9 Cals, for the heat of 
formation of the erystaliine selenide, and 15*2 Cals, for that precipitated by 
hydrogen selenide from soln. of cobalt salts. H. Fonzes-Diacon passed selenium 
vapour along with nitrogen over cobaltous chloride at a dull red-heat, and obtained 
niicrfiscopic." greyish-violet, octahedral crystals of cobalt tritatetraselenidej Co^Sei. 
Its sp, gr. is 6*54 at 15"", and it is isomorphous with liiineite. By a similar process 
at a red-heat, prey cobalt bemitriseleriide, Co^Ses, is formed ; and below a red-heat, 
cobalt iiselenide, €oSe 2 . Yh. F. de Jong and H. M". V. Mlliems found that the 
X-radiogram of the regular pyiitahedral crystals agree with, a space-lattice with 
a==:5*S.j4 A., and a distance 2*41 A. between the Se and Co atoms. Y. M. Gold- 
schmidt di=^eussed the structure of the crystals. H. Fonzes-Biacon observed 
that if any of these selenides be heated to whiteness in a current of hydrogen, 
cobalt bemiselenide, Co^Se, is formed. If heated to whiteness in hydrogen, 
the selenium is slowly removed. When one of the selenides is heated in oxygen, 
cobalt oxide and selenium dioxide are formed ; nascent hydrogen chloride 
slowly attacks the selenide : boiling fuming hydrochloric acid attacks it very 
little : and bromine-water with an excess of bromine dissolves it easily. J. Meyer 
and H. Bratke obtained cobalt pentitabesmselenifle, CogSeg, or Co 3 [CoSe 3]2 by fusing 
together a mixture of cobalt, selenium, and potassium cyanide. S. G. Gordon 
reported a lead-grey mineral from Cuiquechaca, BoIi\ia, which he named 
Its composition corresponds with cnprons lead cobalt salenide, 
Cn 2 Be,'FbBe.i'^i.€o}Se 2 , or 3CuSe.2PbSe2.5(Xi,Co)Se2. It has a metallic lustre, 
and a radiating columnar structure, with the (001)-, (100)-, and the (OlO)-cIeavages 
perfect ; the prismatic {110}-cleavage is distinct ; and the basal cleavage curved. 
The sp, gr. is 6*93, and the hardness 3. It is soluble in nitric acid. G. Frebold 
showed that selmkobaUhlei is a mixture. 

G. Little passed selenium vapour over heated nickel, and obtained nickel ^leniie, 
XiSe. H. Fonzes-Biacon carried the selenium vapour in a current of nitrogen 
over the nickel at a red-heat and obtained a similar product ; and he also prepared 
it by passing the vapour of hydrogen selenide over nicfcelous chloride. L. Moser 
and K. Atynsky obtained it as in the case of ferrous selenide. H. Fonzes-Diacon 
said that the selenide is silver- white or grey, with a metallic lustre, brittle, and non- 
laagiietic. The cubic crystals appear with tetrahedral twinning, N. Alsen found 
that the X-radiogram of nickel selenide, and its mixed crystals wdth ferrous sulphide, 
have the pyrrhotite structure. When melted under borax nickel selenide furnishes 
a golden-yellow mass. W. F, de Jong and H. W. V, Willems found that the 
X-ra{ii 0 gram agrees with a hexagonal lattice having #r™3*66 A., and c=5*33 A. ; 
and a sp. gr. 74L L Oftedai studied this subject. G. Little gave 8*46 for 
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tfie sp- gr. , and H. Eonzes-l)iacon, 5*453 at 15°. Tlie selenide is staMe in air, and 
melts at a bright red-lieat, giving ofF a little seleiiimn at tlie same time. C. Eabre 
gave 18*42 Cals, for the heat of formation of the crystalhne selemde, and 14*8 Cals. 
W that which is precipitated when a nickel salt is treated with hydrogen selenide 
r>r sodium selenide. H. Eonzes-Diacon observed that when the selenide is heated 
in oxygen, nickel oxide and selenium dioxide are formed. Nickel selenide was 
found by C. Little to be insoluble in water. C. Eabre found that it is soluble in 
bromine and in bromine water. H. Fonzes-Diacon added that chlorine attacks it 
readily. G. Little said that it is insoluble in dil. or cone, hydrochloric acid : cone, 
boiling hydrochloric acid, added H. Fonzes-Diacon, acts only slowly, and hydrogen 
chloride at an elevated temp, slowly forms nickel chloride. G. Little found that 
the selenide is slowly dissolved by nitric acid ; and readily dissolved by aqua regia. 
H. Fonzes-Diacon observed that nitric acid converts the selenide into selenite. 
According to H. Fonzes-Diacon, if anhydrous nickeloiis chloride be heated to dull 
redness in a current of hydrogen selenide, grey, cubic crystals of nickel kemi- 
triselenide, Ni 2 Se 3 , or nickel tritatetraselenide;, Ni 3 Se 4 , are formed; and if the 
action takes place at 300° with nickelous chloride or oxide, grey nickel diselemdCj 
NiSeo, is produced. According to W. F. de Jong and H. W. V. Willems, the 
X-radiograms of the pyritahedral, cubic crystals agree with a space-lattice having 
=6*022 A., and a distance of 2*47 A. between the Ni and Se atoms. V. M, Gold- 
schmidt discussed the structure of these crystals. H. Fonzes-Diacon observed 
that if one of the above described nickel selenides be heated to bright redness 
in a current of hydrogen, a golden mass of nickel hemiselenide, NLSe, is formed. 
It slowly loses selenium if heated in hydrogen for a long time. J. Meyer and 
H. Bratke prepared nickel pentitahexaselenide, Ni 5 Se 6 , or Ni 3 [NiSes] 2 , by fusing 
a mixture of nickel, selenium, and potassium carbonate. 

According to J. J. Berzelius, *when a mixture of selenium and palladium is 
heated, combination occurs and a palladium selenide is formed with the evolution 
of heat. The grey mass is infusible before the blowpipe, but gives off selenium, 
yielding a seleniferous, gre 3 dsh-white, brittle, and crystalline button. F. Eossler 
obtained palladium selemde» PdSe, by heating a mixture of paUadious ammino- 
chloride (10 grms.) and selenium (5 grms.) under borax. L. Moser and X. Atynsky 
prepared dark brown ]>allacliuni selenide by the action of a palladious salt 
on a soln. of hydrogen selenide out of contact with air. L. Thomassen found that 
the crystals of the monoselenide are of the nickel arsenide type with 6^=4-127 A., 
and 0=5*663 A. V. M. Goldschmidt discussed the subject. F. Eossler also obtained 
what he regarded as palladium tetritaselenide, Pd 4 Se, from palladious ammina- 
chioride (60 grms.) and selenium (2 grms.). J. J. Berzelius obtained similar results 
with platinum as with palladium, and he added that the combination is attended by 
vivid incandescence. F. Eossler obtained platinum selenide, PtSe, by melting an 
intimate mixture of platinum powder 'and selenium under borax at 1050°-1100°. 
The dark grey, columnar crystalline mass is brittle, and can be fused before the blow- 
pipe with the loss of selenium. H. Fonzes-Diacon obtained it by the action of 
hydrogen selenide on gently heated platinous chloride ; and on platinous chloride 
suspended in water. He also prepared platinum diselenide, PtSe 2 , by heating 
reduced platinum in a current of hydrogen selenide ; by the action of hydrogen 
selenide on red-hot anhydrous platinic chloride, or on an aq. soln, of platinic chloride. 
L. Moser and K. Atynsky made it by the action of a platinic salt on a soln. of 
hydrogen selenide out of contact with air. A. Minozzi obtained it by heating the 
triselenide to dull redness in a current of carbon dioxide and by heating an intimate 
mixture of the two elements at a bright red-heat for 6 hrs. in a current of carbon 
dioxide. L. Thomassen prepared crystals of platinum diselenide which are of the 
cadmium iodide type, and the space-lattice has a=3*724 A., and <?=5*062 A, 
A. Minozzi found that the grey powder has a sp. gr. 7*65 ; H. Fonzes-Diacon gave 
6*426 at 15°. When heated in oxygen, it loses selenium at 250°, and at a higher 
temp, forms selenium dioxide and platinum. When gently heated in chlorine, the 
VOL. X. " 3 F 
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seleiiiuoi is displaced. L. Pigeon said rliat tlie diselenide resists cHorine at 360'. 
L. Moser and K, Atynsky said that it readily forms complex salts with alkali 
sulphides and selenides. According to A. Minozzi, platmiim triselenide, PtSeg, is 
obtained as a black, flocculent precipitate by the action of formaldehyde on a soin. 
containing a platinichloride and a selenite in presence of excess of an alkali hydroxide 
thus : KaPtCigA-SSeOa -p SHXHO — 12KOH=:=PtSe3-f'6KCi-r8H.CO2Kd-i0H20l 
The black powder has a sp. gr. of 7*15. At in air, it begins to form seleninin 
dioxide, and in oxygen at 450"", it is converted into selenium tetrachloride ; cone, 
hydrochloric acid has no action ; hot cone, mtric or sulphuric acid have a limited 
action ; it is slowly dissolved by aqua regia, and by chlorine water ; it is insoluble 
in carbon disulphide. L. Thomassen observed that osmimn diselenide* OsSe^, has 
crystals of the pyrite tj’pe with a space-lattice having a =5 *933 A., "whilst a product 
of the composition of osmium monoselenide, OsSe, is a mixture of the diselenide 
and metal. Similarly with rutbeniimi diselenide, RuSe 2 , the space-lattice is of the 
pyrites type, with a =5 -921 A, ; and the product with the composition rntliemiim 
monoselenide, EuSe, is a mixture of the diselenide and metal. None of these 
compoimds showed any evidence of ferromagnetism. V. M. Goldschmidt discussed 
the structure of these selenides. E. Fritxmann investigated some complex' platiauin 
and palladium organic selenium compounds. 
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§ 8. Selenium Dioxide and the Lower Oxides 

J, J. Berzelius ^ observed that selenium exhibits less affinity than snlpliijr for 
oxjgm — ride sujjm, the action of air and oxygen on selenium — and F. Kralft and 
0. Steiner made a similar observation— the affinity of the elements of the sulphur 
family decreases as the at. wt. rises in the group, while the affinity for chlorine 
increases. J. J. Berzelius said that when selenium burns in air or oxygen, a mixture 
of ^teaiiliii monoxide, SeO, and selenium dioxide is formed — if the seienium be 
burnt in a vessel filled with oxvgeiij and the selenium dioxide be removed by 
agitation with water, a mixture of oxygen and seienium monoxide remains in small 
quantities. When a mixture of selenium and selenium dioxide is heated the 
monoxide is formed, although the greater proportion of each sublimes iin- 
ctanged; and when selenium sulphide is heated with a imxtiire of nitrie and 
hydrochloric acid containing insufficient nitric acid completely to oxidize the 
selenium, the sulphur which remains unoxidized reduces the selenious acid. 
X J. Berzelius described selenium monoxide as a colourless gas with an odour 
like that of a horse-radish, and so strong and penetrating that one-fiftieth of 
a grain is sufficient to fill a room with its odour. It does not redden Htans ; 
II is slightly soluble in water tu which it imparts its odour and taste ; it is 
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absorbed hj alkali-lye only in proportion to the water present ; and it is not 
precipitated from its aq. soln. by hydrogen sulpliide. Thus far J. J. Berzelius. 
The source of the odour of burning selenium has been discussed in connection with 
tlie physiological action of selenium. C, Chabrie said that by heating selenium at 
until its 'weight is constant there remains solid selenium monoxide. 
X, W. Peirce could not confirm this ; rather did he obtain a loss in weight due to 
the Tolatilization of selenium. A mixture of selenium and selenium dioxide in a 
tube at a press, of 4 mm. was heated at 180° to 200° so that the contents of the tube 
vaporized and were maintained in a state of vapour for 7 hrs. No gas was found 
m the cooled tube, and the contents possessed no odour. V. Lenher observed that 
in subliming large quantities of selenium dioxide, no odour hke that attributed by 
J. J. Berzelius to selenium monoxide was noticed ; on heating a mixture of eq. 
quantities of selenium and its dioxide, either in an open vessel, or in a sealed tube, 
to the b.p. of selenium, no interaction took place, and no gaseous product could be 
detected. Selenium monobromide does not act on dry silver oxide below 20°, 
but at this temj). a violent action takes place and selenium dioxide alone is formed, 
y. Lenher concluded that selenium monoxide does not exist. 

F. von Konek ^ said that when diantipyryl selenoselenide, E 2 Se : Se, is burnt in 
oxygen in a bomb at 25 to 30 atm. press., a white, amorphous selenium tritatetroxides 
SesO^, is deposited on the walls of the containing vessel. This oxide is almost 
insoluble in water ; it is decomposed by boihng soda-lye with the deposition of 
one-third of the selenium in a free state, and the remainder forms sodium selenium 
salts. Diantipyryl monoselenides and diselenides of the type R.Se.Se.E. give no 
trace of this oxide. 

According to C. A. Cameron and J. Macallan, in the reaction between selenium 
trioxide and selenium in the cold, an intense green colour is developed ; and a similar 
green colour was observed by Gr. Magnus to be imparted to sulphuric acid by the 
dissolution of selenium. The reaction was investigated by N. W. Fischer, and 
R. Weber. The last-named isolated SeSOg ; hence C. A. Cameron and J. Macallan 
inferred that in the case of selenium trioxide and selenium, selenium lieimtroxides 
SesOs, or selenium sesquioxide, is the cause of the green coloration — vide infra. 
The green coloration may be due to colloidal selenium. 

J. J. Berzelius ^ discussed selenium dioxide, Se02, during his observations pf 
selenium. E, Bertrand observed some lead selenide covered with fine white needles 
of selenium dioxide, and he called the mineral selenoUte. According to 
J. J. Berzelius, selenium can be sublimed in air without change ; it takes fire only 
when strongly heated, and then burns to the dioxide. If selenium be heated in 
a glass tube until it boils, and oxygen gas be passed over it, combustion occurs, and 
selenium dioxide sublimes. Selenium dioxide is formed when selenium is dissolved 
in warm nitric acid or aqua regia, and the liquid heated in a retort. The acid liquor 
distils over first, and subsequently selenium dioxide sublimes. N. W. , Fischer 
added that if aqua regia be employed a trace of selenic acid is formed at the same 
time. E. Wohlwill said that as soon as the acid liquor has distilled off, the contents 
of the retort may bubble up with explosive violence, but this was not observed by 
J. Thomsen, H. Topsoe, or F. Clausnizer, who employed this mode of preparation. 
J. Meyer prepared the dioxide in the following manner : 

Setenium in quantities of 60-75 grms, is heated to its m.p. in a porcelain boat placed in 
a wide, hard -glass tube ; a very rapid current of oxygen whicli had been passed through 
fa m ii n g nitric acid is passed over it, causing the molten selenium to bum with a brilliant 
blue flame and to give a sublimate of sejenium dioxide the purity of which increases with 
increasing rate of the supply of oxygen. The product, which contains small quantities 
of oxides of nitrogen, is purified by being sublimed in the same tube in a current of pure 
oxygen. To avoid loss of material, the tube is conilected wn’th a doubly tubulated ve^el 
of two litres capacity in which the final traces of the dioxide arc deposited. The combusti on 
of 60-70 grms. of selenium can be efleeted in about one and a qoarter hrs. 

He added that the oxidation of selenium appears to be sensitive to cata!^ic 
influences, being accelerated by acidic substances — e.g. the vapour of nitric acid— 
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a ad retarded by alkaline substances — e.(j. glass. J. J. Berzelius also observed tbe 
formation of selenium dioxide vrben selenium is similarly treated with sulpbmic 
acid, or with, a mixture of sulpburic acid and manganese dioxide. J. Tbomsen 
obtained selenium dioxide of a bigb degree of purity by dissoMng in water tbe 
dioxide prepared by tbe nitric acid process ; treating tbe liquid witb bar}i:a- water, 
so as to precipitate any sulphate ; evaporating tbe filtered liquid to drimess, and 
subliming. J. Jannek and J. Meyer said that it is impossible to prepare anhydrous 
selenium dioxide by the sublimation of the acid, and they preferred to oxidize 
selenium by heating it in a current of nitrogen peroxide. H. Moissan and P. Lebeau 
noticed that selenium dioxide is formed w'hen the vapour of sulphury! fluoride acts 
on selenium in a glass vessel : Se02-T-2S02-rSiF4. 

The physical'properties of selenium dioxide. — J. J. Berzelius said that selenium 
dioxide sublimes in white, four-sided needles with a peculiar lustre, or, if the sub- 
limate is deposited in a hot place, it may form a dense, white, translucent mass, 
d. Meyer and M. Languer said that the crystals obtained from aq. and alkaline soin, 
are colourless ; and that the vapour is yellowish-green. The crystals melted in 
a closed tube at 350^ furnish an orange-yellow^ liquid, and a yellowdsh vapour. 
The colour is not due to selenium because dissociation does not occur. Selenium 
dioxide forms coloured soIn. when dissolved in sulphuric or selenic acid. A. Weller 
showed that tellurium dioxide and tetrachloride are also examples of colourless 
substances giving coloured liquids and vapours. According to C. F. Rammelsberg, 
the crystals are monoclinic prisms with the axial ratios a :h : c= 1-292 : 1 : 1-67, 
and jS=I01^. G. F. Hofimann and Y. Lenher found that the precipitated dioxide 
has a lower sp, gr. than the sublimed dioxide. F. Clausnizer found the specifie 
gravity to be 3-9538 at 15-3715*3° ; G. F. Hoffmann and Y. Lenher gave 3-590 to 
3-595 at 20®. E. IMitscherlich found the vapour density to be 4*03, when the 
theoretical value for Se02 is 3-849. E. B. R. Prideaux and G. Green found that the 
effect on the b.p, of ethyl alcohol indicates a molecular weight of 122*6, when the 
theoretical %"alue for SeOo is 111-2. This corresponds approximately with a 10 per 
cent, association of the mols. ; G. F. Hoffmann and Y. Lenher found the mol.' wt. 
in a soin. of selenyl chloride to correspond with (8602)3. H. M. Yemen inferred, 
from a comparison of the b.p. of related compounds, that the mol. of the solid is 
associated, {8002)4. E. B. R. Prideaux and G. Green found the moL wt. of selenium 
dioxide in boiling ethyl alcohol to be 117*5. H. Remy discussed the structure of 
selenious acid. J. J. Berzelius said that under ordinary atm. press., seleniuin 
dioxide does not fuse when heated, but it merely sinters together ; it vaporizes 
just below the b.p. of sulphuric acid, giving a vapour the colour of chlorine 
E. Cornec observed that the curve showing the lowering of the f.p. of selenious acid 
during its progressive neutralization writh a soin. of potassium hydroxide has two 
breaks corresponding with the dibasicity of the acid ; and similar results were 
obtained with sodium hydroxide. J. Jannek gave for the vapour pressing, p mm., 
of selenium dioxide : 

20® 70“ 94“ 181“ 232“ 299“ 311“ 315“ 320® 

p . . .0-0 12-5 20*2 39-0 67-8 450-6 610-9 760-0 848-0 

C. Chabrie added that the melting point is 340® if the dioxide be heated in a sealed 
tube in an atm. of dry air, and on cooling, it solidifies to a hard, white, crystalline 
mass. J. Thomsen gave for the heat oi iormation with crystalline selenium 
(Se,02) =57-71 Cals., and with vitreous selenium, 57-079 Cals. E. Petersen gave 
with amorphous selenium, soluble in carbon disulphide, 57-25 Cals. ; with mono- 
clmic selenium soluble in that menstruum, 56-20 Cals. ; and with metallic selenium, 
insoluble in that menstruum, 55-82 Cals. E . Cornec found that the curve showing the 
change of the index of refraction of a soin. of selenious acid during its progressive 
neutralization with a soin. of sodium hydroxide has tw'o breaks corres[>onding with 
the dibasicity of the acid ; and simOar results were obtained with aq. ammonia. 
J. Papish found that the vapour of selenium dioxide in the bunseu flame gives an 
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intense blue colour ; and elementary selenium is deposited on a cold plate held in 
the flame. D. Gernez found that the absorption spectmm of the vapour is con- 
tinuous in the red, and has numerous lines in the blue and violet region. 

The chemical properties of selenium dioxide.— J. J. Berzelius said that the 
vapour of selenium dioxide lias a pungent, and sour smell, while the taste of the 
solid is acidic at first, and afterwards leaves a burning sensation. Selenium 
dioxide is not decomposed in the slightest degree by heat or light. According to 
J. J. Berzelius, and A. Klages, selenium dioxide is reduced 'when heated in hydrogen. 
For the action of water^> vide infra. The dioxide attracts moisture from the air. 
According to A. Ditte, selenium dioxide rapidly absorbs dry hydrogen fiuoride, 
forming oxyhydrofluorides ; and E. B. E. Prideaux and J. O’Neil Miliott 

observed that SeOo.SHF is formed ; dry hydrogen chloride forms oxyhydro- 
chlorides {q.v)', dry ^ hydrogen bromide forms oxyhydrobromides fg.r.) ; 
likewise hydrogen iodide forms oxyhydriodides (q.v.). C. A. Cameron and 
J. Macallan found that when distilled with sodium chloride, selenyl chloride 
is formed : 2Se02+2NaCI=Na2Se03+Se0Cl2. J. J. Berzelius said that selenium 
dioxide doubtless gives up its oxygen to sulphur when a mixture of the two is heated ; 
and F. Ehafft and 0 . Steiner observed that if the mixture is heated to the m.]>. 
of selenium in an atm of carbon dioxide, in a sealed tube, black selenium and liquid 
sulphur dioxide are formed. A. Ditte observed that hydrogen sulphide reacts wdth 
selenium dioxide, forming sulphur and selenium sulphide. Dry selenium dioxide 
cannot he reduced by sulphur dioxide, indeed, H. 0 . Schulze observed that selenium 
dioxide can he sublimed in an atm. of sulphur dioxide. E. Metzner found that 
selenium dioxide can be dissolved in monohydrated sulphuric acid, especially if 
warm, and when the hot soln. is cooled the dioxide is deposited again. F. W. 0 . de 
Coninck said that hot sulphuric acid converts selenium dioxide into SeS03.H2Se, 
and amorphous, reddish-brown selenium — vide infra, selenium oxysulphides. 
Y. Lenher and H. B. North said that thionyl chloride acts on selenium dioxide, 
producing tetrachloride and sulphur dioxide ; there is no reaction •with sulphuryl 
chloride even at a high temp., or great press. For the action of selenium, vide 
su2)ra, selenium monoxide. C. A. Cameron and J. Macallan said that the dioxide 
dissolves in warm selenic acid, and most of it crystallizes out again on cooling without 
the formation of a thionic acid. 

According to A. Michael is, ammonia reacts with selenium dioxide evolving 
nitrogen with the separation of selenium ; while C. A. Cameron and J. Macallan 
said that ammonia acts on a soln. of selenium dioxide in absolute alcohol, forming 
what they thought to be ammonium amide selenite, but which was shown to be 
ammonium ethyl selenite, NH4(C2ll5)Se03. F. W. 0 . de Coninck found that 
selenium dioxide yields nitrogen, and black, amorphous selenium when tre.ated with 
bydrajsine : Se02+N2H4=:N2+Se+2H20 ; and nitrogen and reddish-brown, 

amorphous selenium with hydrdxylamine hydrochloride : Se02+4:NH20H=2N2 
-fSe4-flH20 ; A. Gutbier, and 0 . Hinsberg made a similar observation with respect 
to phenylhydrazine and hydroxylamine. F. W. 0 . de Coninck said that nitric 
acid converts selenium dioxide into selenic acid : Se02+2HN03— H2Se04+N204 ; 
J. J. Berzelius said that selenium dioxide is reduced by phosphorus. By passing 
phosphine into an alcoholic soln. of selenium dioxide, C. A. Cameron obtained a 
])ale yellow precipitate of ])hospboius and selenium while a great proportion of 
the selenium remained in soln. as ethyl selenide, (02115)2^6. F. W. 0 . de Coninck 
found that selenium dioxide is converted by phosphorus pentachloride into selenium 
tetrachloride and phosphoryl chloride : Se02+2PCl5=SeCl4+2P0Cl3 ; and by 
phosphorus trichloride into brown, amorphous selenium and phosphoryl chloride : 
Se02+2PCJ3==:Se+2P0Ci3. 

J. J. Berzelius said that selenium dioxide is doubtless reduced by boroii. 
According to J. Papish, wlien selenium dioxide is introduced into the bunsen flame, 
nil iiitense blut^ c(yIour is produced, and selenium is deposited on a cold surface 
introduced into the blue flame. J. J. Berzelius found that the dioxide is 
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reduced bj carbOH* and by organic substances. The dioxide is freely soluble m 
ethyl alcohol. F. W. 0 . de Coninck found that 100 parts of methyl alcohol at 
11 * 8 ° dissolve lOdG parts of selenium dioxide, and 100 parts of 93 per cent, etbvl 
alcohol at 14 :° dissolve 6'67 parts of the dioxide. 0 . Hinsberg found that when'a 
soln. of selenium dioxide in 96 per cent, alcohol is evaporated over sulphuric acid, 
there remains a syrup which slowly loses water and alcohol, leaving a residue of 
selenium dioxide. If, however, an absolute alcoholic soln., of selenium dioxide is 
evaporated over calcium chloride, large, transparent, quadratic plates, having the 
composition' Se02.C2H20, are deposited: these crystals lose their alcohol "^ovex 
sulphuric acid. E. B. R. Prideanx and G. Green discussed the possibihty of the 
reaction : Se02“rC2H50H=Se0(0H)0C2H5. F. W. 0 . de Coninck said that 
100 parts of acetone at 15 * 3 ° dissolve 4-35 parts of selenium dioxide ,* and 100 parts 
of acetic acid at 13 * 9 °, 1*11 parts. O. Hmsberg said that the dioxide dissolves 
freely in hot acetic acid containing water, and, on cooling the soln., selenious acid 
is deposited in crystals having the composition HoSeOs. It is only sparingly soluble 
in boiling acetic anhydride, from which it crystallizes unchanged, but when heated 
with acetic anhydride at 180 °- 200 °, it is reduced to selenium, the anhydride being 
oxidized to carbon dioxide and other compounds. T. Gassmann obtained a com- 
plex 802(023204)2, by treatment with oxalic acid. F. Clausnizer observed that 
selenium dioxide is not soluble in purified benzene, but impure benzene becomes 
yellow and red owing to the dissolution and decomposition of the dioxide. 
C. Chabrie found that in the presence of aluminium chloride, selenium dioxide reacts 
with benzene. 0 . Hinsberg observed that selenium dioxide forms aniline selenite , 
when an alcoholic soln. treated with an ethereal soln. of aniline and water is added ; 
the dioxide does not react with carbamide, but it yields a selenium compound and 
phenyl disulphide when treated with phenyl mereaptide ; and it reacts with 
aromatic o-^amines. When a mixture of hydrogen cyanide, selenium dioxide, 
and acetic anhydride is heated in a sealed tube at 100°, impure selenium cyanide, 
SeCy2, is formed. F. Carnevali obtained addition products with tetramethyl- 
ammoninm chloride, namely, Se02.2N(CH3)4CI, and with tetraethylammonium 
chloride, namely, Se02.2N(C2^5)4^i* 

According to F. C. Mathers and F. V. Graham, lead dioxide and selenium 
dioxide form lead selenate, and the reaction proceeds satisfactorily at 100° 
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§ 9. Hydrate of Selenium Dioxide— Selenious Acid 

0. Hinsberg ^ observed that selenium dioxide is readily soluble in water ; and 
A. Etard represented tbe solubility, S, of the dioxide in grams per 100 grms. of soin. 
at 6^ between —3° and by ^=45*0+0*76920 ; and later gave for selenious acid, 
S grms. HoSeOs per 100 grms. of soln. 

- 10 “ 0 “ 10 “ 20 “ 25 “ 40 “ 60 “ 00 “ 

H . . . . 42-2 47-4 5^-0 62*5 67*0 77*5 79*3 79*4 

E. W. 0. de Coninck found 37*45 grms. of the dioxide dissolved in 100 grms. of water 
at 11*3° ; 38*46 grms. at 14° * and 39*37 grms. at 15*6°. W. Mancbot and K. Ortuer 
gave for tbe percentage solubility S grms. Se 02 : 

- 0 - 2 “ - 5 - 0 “ - 11 - 3 “ - 23 * 0 “ - 21 “ , 1 - 17 “ 22 * 0 “ 42 * 0 “ 65 - 0 " 

S . . 0*99 21*83 40*65 57 0 58*0 68*32 72*52 77*5 82*5 

^ ^ ^ - - - - ■ - V 

Solid phase Ice SeOg.HgO 

Tbe results are plotted in Eig. 47. There is a eutectic point at —23° and 57 per 
cent, of Se02. The solid phase below this temp, is ice, and above this temp, mono- 
hydrated selenium dioxide, Se 02 .H 20 , or selenious 
acid, Il 2 Se 03 . This was the only hydrate formed 
under these conditions ; there was no sign of the 
formation of (H 2 Se 03)2 indicated by A. Rosenheim 
and L. Krause. There is probably a maximum with 
86*07 per cent. Se02 for the transition from the 
monohydrated to the anhydrous dioxide. The dotted 
portion of the curve, Eig. 47, could not be explored 
because of tbe separation of selenium from the soln. 
by the decomposition of selenious acid. 

J. J. Berzelius observed that hydrated selenium 
dioxide crystallizes from hot aq. soln. in large crystals, 
when the soln. is slowly cooled, and in small grains 
when quickly cooled. The hydrate is also obtained 
by exposing the dioxide to air, R. "Weber obtained the crystals by cooling a soln. 
of the dioxide in five times its weight of hot water. A. Michaelis evaporated 



Eia. 47.— Solubility Curve of 
Selenium Dioxide in Water. 
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M i IXtZiRGAXir AND niFJMV.JK \L 

tLt^ j'j. soin. over sulj.ivork acj'T. j A -f F. C’^j^rdzer, J. J. F-rz"..*- 

J. Tz.jiiL-en, X. W. FAczer. et-*.* f^r 'rXXzrz. dLzdi^: , hit 

tke treatment of seXnrjin witd a::!- inF^-med :n c''nrxe:ti'„m mot:. "-X: 

eompoiiiiu ; and a soln. of seleL:'’:- a:: I v’ii nret odtainel. uni rnd va? ^:F- 
seqiientiv iltFvdrated. fur tn»^ annvJr.'Ij C, CFt.rX tafnei seFniins atm f:nn. 
a soln. of the dioxide in nncoX 'T I ; Lnzmt* , i H:n?i-?rj. fr.n* 

ftiiin. of the dioxide in dil. acetic u 1 L 

The anaij5e> of H. WF^er, uui vV. M in- h-t in ^ K. ^ bmer-.zrce vi:h ^he f * 
H^SeO^. A» Eosenaeim and L. an I W. 3-Ianzh:t ind K, former foxxnd td/n 

the molecular weigM, ^rtained from the depre'=i,n of the :.n. o: ap. -oln., arre-^ 
with the forinnla : the re^oFt:: cih.: indicated a ddght a-^ociation which a*:5 a 

tendency to decreare with timt-, md they f mnd that the eiectricai condnctivity 
indicated that the ^cll ^5 usc^ociated to ^i* X'- 

evidence ox such an aH-^^eiution was ohserved by W. Manchot and K. Orrner in 
freshly prepared aq. soln. 

A. Mieliaelis and B. Landmann showed that while the alkyl icdides retun with 
wilphites, furmiEg siilphoiiic acids in agrt^einenc with the assumption that snIpLan. as 
acid Kiay be regarded as a Iijdr.j5nIphonie add. H.SO^.OH, yet seienions ad I a:t' 
as an oxidizing agent with ethyl iodide and benzyl chloride ; again, while sudicn: 
ethylate and thionyl chloride gave SOf OlhH 5 ; 2 , ethyl iodide and sliver stiiphiTe 
gives yet the corresponding selenyl ciiioriie forms in bot'n ease- 

SeOs'OChH-;, w'iiieh is decomposed by -water, forming sekiiions acdd. Thi- mear*- 
that in all proLabilirv’ seienions acid is a trne dihydroxyiic acid, HO.SeO.UH. 
E. Divers and T. SMiiii dzn, however, assumed that the selenites have the a^ynl- 
iiietric constitution. Although selenites are more basic than the sulphites, and 
seienium in general has a weaker affinitp- than sulphur, yet in spite of the many 
analogies between sulphites and selenites, the selenites, unlike the sulphites, may It: 
diijdroxylic. They add that the iodide test employed by A. Hichaelis and 
B. Ttandmanii is nor sufficient to establish the dihjdroxyhc character of the selenite, 
for it gives ambiguous testimony as to the constitution of the nitrites. 

E. Divers and T. Shimidzu continue : Only silver selenite yields ethyl selenite ; 
with potassium selenite it is difficult to get a reaction, and when this occurs, it leaves 
the selenium wholly deojddized. Since ethylselenonic acid cannot be prepared by 
the oxidation method, it does seem allowable to group changes into a selenosic one. 
so as to enter into hydroxylic union with the ethyl. To suppose this is a way out of 
the difficulty is certainly much easier than it would be to consider metallic selerxites 
m dihjdroxylic salts, D. D. Elarve found that applying the criteria for pseudu* 
acids, seienions acid alone and in cone, alcoholic soln. is an associated pseudo-acid, 
and aq. soln. contain a large proportion of the pseudo-acid, and only a small per- 
centage of the hydmte of the true (monobasic) acid. 

fto jpl^ad properties of seteoious add.— J. Meyer and M. Langner observed 
that selenium dioxide melts to an orange-yellow liquid when heated and gives 
» yelowish-gr^n vapour. The change is reversible and not attributable to dis^ia- 
tion into selenium and oxygen. Soln. of the oxide in warm, cone, sulphuric or selenic 
acid are distinctly jeHow, but become lighter in colour when cooled. J. J. Berzelus 
described the crysifcals as being longitudinally striated similar to those of potassium 
nitimto ; and R. Weber said that they are hexagonal prisms. F. Ciaiisnizer gave 
S-CK}§6 for the ipwafie gravity of the crystals at 15-3715*^^ 1 Hoffmaiin and 
¥. iienhffi gave S-CXM at 1^7^°- F. W. O. de Conmek gave for the sp. gr. of aq. 
fiolm between 13*0® and 15*6®, and containing the foHowing percentage proportions 
of dioxide : 

SeOfl . - . i 2 4 § 6 8 10 percent. 

Sp. gr. . . 0»9©23 l^<M>Sg 1*0302 1-0346 1*0402 1*0571 1*0743 

J. J, BetteHiw said that when this hydmte is heated, it gives ofi water, and after 
t'lmfc, ^fenium dioxide sublimes. F, Oausimer found that when the clear crystals 
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are confined over cone, sulphuric acid, they become opaque ; even after being kept 
2 hrs. in the desiccator there is a marked loss in 'vreight. This agrees with W. Man- 
cliot and K- Ortner’s observations that the crystals cannot be dried without under-' 
going some dissociation : H 2 Se 03 ^H 20 +Se 02 . F. Clausnizer observed that the 
crystals absorb moisture from humid air and appear to deliquesce more rapidly 
than crystals of selenium dioxide. E,. Weber added that the crystals effloresce in 
dry ail. W. Manchot and K. Ortner gave for the vapour pressure, p mm., of 
the crystals and of the sat. soln. — 15° is here put for the temp, of the room : 

15“ 32-0“ 35 0“ 35-4=“ 38-1“ 38-3“ 40 3" 

i Cirystals ... 2 — 4-5 — 6 — 7 mm. 

^ soln. . . . ~ 16*5 — 18 — 19*5 22 mm. 

A. Eosenheim and L. Krause observed for the lowering of the freezing pointy 
and the calculated mol. wt.— when the theoretical valuers 129*2 — for soln. containing 
w grins, of H2Se03 per 100 grms. of water : 

w . . . . 0*5810 1'8040 3*0900 4-6560 7*4480 10-5110 

S0 . . . . 0-09° 0-30° 0*52° 0*78° 1-17° 1-63“ 

Mol. wt. . . 112-7 113 113 113-3 121 122-5 

There is here but a shght association of the mols. of the acid, which has a tendency 
to decrease with the ageing of the soln. The ionization also must he very slight 
indicating that selenious acid is a very weak one, and W. Manchot and K. Ortner 
calculated from their observations that the degree of ionization approximates 
to that of tartaric acid. They found for soln. of 1*253, 1 *274, 13*420, and 13*750 grms. 
of H2Se03 per 100 grms. of water the respective degree of ionization 0*21, 0*19, 
0*03, and 0*04, Measurements of the mol. raising of the boiling point could not 
be made since selenious acid volatilizes with the steam. F. M. Eaoult found the 
moL loweiii^ of the freezing point of selenious acid in aq. soln. to be 42*9 — a number 
in the vicinity of the values found for selenic and sulphur acids. E. Comec, on 
the other hand, obtained normal values between 19*2 and 21*5. J. Thomsen gave 
for the heat of formation of selenious acid, (Se02cryst..-A^9.*)= -“0*920 Cal. ; and 
(Se,02,Aq.) =56*336 to 56*76 Gals. J. Jannek, and J. Meyer foxmd the moL heat of 
hydration of selenium dioxide is 3192 cals. The heat of solution of a mol of selenium 
dioxide in 400 mols of water is —0*920 Cal. ; and the heat of neutralization, 
(Se02aq.,2NaOHaq.) =27*02 Cals. E. Metzner found that the heat of oxidation 
to selenic acid is comparatively small; thus, (Se02soii(ij^jll20)=3*06 Cals. 
M. S. Sherrill and E. F. Izard found that the equilihrium constants for the re- 
actions Cl2gas~l**Il2^®^3~i“H2^'^^Fi^ — HSe 04.^“-{“2CF, and Er2"i“B-2Se03--}-E[20=3H 
+HSe04+2Br' at 25° were respectively 1*42x10^ and 0*88. The reduction 
potential of H2Se03+H20iiquid==^H*-fHSe04^+2E~ was calculated to he 
—1*088 volts ; and the free energy at 25° of Sesoiid+2022as+H2ga3=H*-f HSeO/ 
to be —107,710 cals. 

F. W. 0, de Coninck said that when aq. soln. of selenious acid are exposed to 
light, reddish-brown, amorphous selenium, insoluble in carbon disulphide, separates 
out. J. H. Gladstone and W. Hibbert found that when the soln. is dil. from a cone, 
of 30*6 to one of 23*0 per cent. H2Se03, the molecular refraction decreases from 
26*98 to 26*84. E. Comec found the index of refraction, fc, of a soln. of a mol of 
selem'ous acid in a litre of water at 19° to be 1*3462 ; and H. W. Stone found for 
aq. soln. of selenious acid containing p per cent, of H2Se03, at 20° for the D-line, to be : 

p ... 0 1 5 10 20 30 40 50 52 

, 1-330 1-3340 1*3382 1-3441 1*3670 1*4280 1*4570 1*4932 1-5010 

F. Urban and V, W. Meloche gave a table for indicating the cone, of soln. of the 
acid from refractometer readings. P. Pringsheim and M. Yost studied the Raman 
effect. 
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A. Eoseniieim and L. Krause measured tlie H-ion eoncentration of seleiiioiL:^ ac^^» 
and found for I 0 ~^ ; for 0*1 JI-HoSeO,, [IE •=:7*94xlO-'R 

and for U*01J/-H2Se03AH j~i*99j , .Ri Hence it follows that the first ioniza- 

tion constant Ah^l-SoXlO'^. The vaiues of K 
calculated from conductivity data are indicated 
below. From their observations on the H'-ion 
cone., illustrated in Fig. 48, J. S. Willcox and 
E. B. B. Prideaux calculated for the first and second 
ionization constants of selenious acid =4-0 
and ^2=0*87 XlO”S ■ E. Blanc gave A"i=2xlO 3, 
and AA— 5xl0~S; and W. Ostwald gave A 2 =l *59 
V 10~3. A. Bosenheim and L. Krause, and 
J. 8. Willcox and E. B. K. Prideaux observed that 
selenious acid can be accurately titrated with soln. 
of sodium hydroxide using j9-nitrophenol indicator 
as far as XaHSeOg, and thjroolphthalein, as in- 
dicator for complete neutralization although the 
end-point is not so sharply indicated. J. S. Willcox 
and E. B. B. Prideaux added that cochineal, 
lacmoid, and resazuxin ought to be suitable for 
the first^ end-point. A. Eosenheim and L. Krause found that the mol. electrical 
conductivities, /x, of soln. of selenious acid containing a mol of the acid in v litres 
of water at 25®, are : 

^ • *12 64 128 256 512 1024 2048 

• 91-6 120 lM-2 192*05 233*6 276 322-s 

* 0*00343 0*00352 0*00281 0*00343 0-00368 — — 

H. F. Schott and co-workers calculated the reduction potential Sewack 
d- 3 H 20 iiquid=H 2 Se 03 d- 4 H‘-{- 4 © to be — 0*740 volt. The corresponding free 
energies, at 25^ are -101*36 Cals, for EgSeOg ; -97-85 Cals, for HSeOg^ ; and 
8rS9 Cals, for Se03^h According to C. Manuelli and G. Lazzarini, in the 
electrol3rsis of a soln. of selenious acid, the acid is simultaneously reduced to 
selenium and oxidized to selenic acid: H^SeOg-f 2H2=3H20+Se, and 2H2Se03 
“|-20— 2Il2Se04. ^ Selenic acid may be conveniently prepared in this way, since 
the electrolysis gives rise neither to intermediate reduction products nor to complex 
acids, as is the case when sulphurous acid is electrolyzed. Theoretically, 0*7388 grm. 
of selenium should be separated at the cathode per ampere-hour, whilst at the anode 
a quantity of selenious acid corresponding with 1*4776 grm. of selenium should be 
oxidized. The diminution of the cone, of selenious acid and increase of the cone, 
of selenic acid are accompanied by a fall in the current yield both of selenium and 
^lenic acid. When a large anode and consequently a small anodic current density 
is employed, the yield of the oxidation product is large, whilst with a large cathode 
a high jdeld of selenium is obtained. The diminished yield of selenic acid obtained 
when the quantity of this acid increases is not due to the establishment of an 
equilibrium between the oxidation of the selenious acid and the reduction of the 
selemc acid, since in the electrolysis of the latter, only a small amount of 
reduction jmeurs. The yields at 54® to 58® are not markedly different from 
those at 25°— -wie infra^ preparation of selenic acid for the electro-oxidation of 
selenious acid. G. Gore said that selenious acid is an exception to the rule 
that acids^ in contact with heated plates of platinum, palladium, or gold are 
thermopositive. A. Simek and H. Kadlcova did not observe the electrokinetie 
phenomenon, shown by tellurium dioxide, in their study of the electrocapiliarity 
of selenium dioxide. 

The chemical properties of selenious acid. — In general, oxidizing agents transr 
form selenious acid into selenic acid, and reducing agents yield selenium. Only 
the stronger oxidizing agents effect the conversion, because, added R. Metzner, the 



Fig, 48.— The K* -ion Concent ra- 
tion during tlie Neutralization 
of Selenious Acid with Sodium 
Bydroxide. 
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lieat of oxidation of selenious acid is small. According to C. CliaLricj hydrogen 
reduces selenious acid only wlien it is in statu nascendi. J. J. Berzelius observed 
that when iron or zinc is introduced into selenious acid, mixed with hydrochloric 
acid, selenium separates as a dark copper-red film on the metal, or in reddish- 
brown, or greyish-black flakes, according to the temp. In the case of iron, some iron 
selenide is formed, xicids other than hydrochloric acid may be used. If sulphuric 
acid he present, the deposition of selenium is very slow, and the selenium is con- 
taminated with sulphur, while if aisenious acid he present, the precipitation of 
selenium is extremely slow. N. W. Fischer said that all the metals in the electro- 
chemical series from zinc to silver — Whence gold, palladium, and platinum are 
excluded — precipitate selenium from a mixture of selenious and sulphuric acids. 
Silver becomes covered with a film of silver selenide so that its surface assumes a 
yellow and brown tint, and this even when the liquid contains only one part of 
selenium in 20,000 to 50,000 parts of liquid. H. Reinsch made similar ob- 
servations with respect to silver and copper in soln. of selenious and hydrochloric 
acids. 

A. Mailfeit observed that ozone oxidizes selenious to selenic acid ; R. Metzner, 
and J. Meyer and K. Heider observed that a similar result is produced by hydrogen 
dioxide ; J. Meyer and K. Heider, sodium dioxide ; H. Rose, and H. Topsoe, 
chlorine or chlorine-water ; K. H. Butler and D. McIntosh found that selenium 
dioxide is insoluble in liquid chlorine and has no efiect on its b.p. J. Thomsen 
found that the dioxide is oxidized by bromine. S. R. Carter and N. J. L. Megson 
observed no complex formation with hydrogen chloride — vide infra^ oxyhalogen 
salts. A. J. Balard fonnd that the dioxide is oxidized by hypochlorous acid ; 
J. Meyer and H. Moldenhauer, by chloric acid ; and P. L. Blumenthal^ by potas- 
sium bromate, and nitric acid. A. Ditte observed that hydrogen fluoride is 
energetically absorbed by selenium dioxide ; J. J. Berzelius said that selenious 
acid is not decomposed in the slightest degree by hydrochloric acid ; but B. Rathke 
showed that when a mixture of the two acids is evaporated a little selenium is 
volatilized as selenium ‘chloride, hence, in analytical work, evaporations with 
hydrochloric acid or aqua regia should be avoided. A. W. Peirce, W. Muthmann 
and J. Schafer, F. A. Gooch and W. G. Reynolds, and J. Meyer and W. von Gain, 
showed that selenious acid is reduced to selenium by hydriodic acid, and iodine 
is separated. H. F. Schott and co-workers found that the equilibrium constant, 
Ky for the reaction SebiackH~2l2soiid‘l“^M20=H2Se03-4-4:H at 25^, is 

A=[H2Se03][H*j^[r]^ ; or ^==lA6xio~i^, when concentrations are expressed in 
mols per 1000 grms. of water. 

Very cold, dil. soln. of selenious acid, when treated with hydrogen sulphide, were 
shown by J. J. Berzelius, H. Rose, B. Rathke, A. Ditte, A. Bettendorf and G. vom 
Rath, E. von Gerichten, and E. Divers and T. Shimidzu to yield a precipitate con- 
taining sulphur and selenium in the at. proportion 2:1; in warm soln., the pre- 
cipitate becomes plastic and red — vide infra ^ selenium sulphides. The reaction 
is represented: H2Se03+2H2S=2S+Se+3H20. E. Divers and T. Shimidzu 
showed that if the soln. is warm, sulphuric acid is formed and the precipitate con- 
tains a smaller proportion of sulphur ; 4:H2Se03-f 2H2S=2H2S04-l-4Se“f-4H20. 
This means that a hot soln. of selenious acid oxidizes not only the hydrogen but also 
the sulphur of hydrogen sulphide. Only in very cold soln. is the hydrogen alone 
oxidized; with hot soln,, the sulphur is also oxidized. H. Rose added that the 
complete decomposition of selenious acid by hydrogen sulphide is as difficult as 
that of arsenic acid by the same reagent. The reaction was also studied by 
A. Gutbier and J. Lohmann. According to J. J. Berzelius, when sulphurous add, 
or an alkali sulphite, is gradually added to selenious acid, mixed with hydrochloric 
acid, selenium is precipitated in red or reddish-brown flakes, at low temp., 
and in the dark ; but when aided by heat, or exposed to direct sunlight, 
the action is first: H2Se03-t-2H2S03=2H2S04+Se+H20. He continued : the 
precipitation is not completed with less than half-an-hour’s boihpg ; and if nitric 
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Af'-'-rExi! t<. H. annnoniiim tMosiilpimte precipitar^-f only a trace of 

-eleninnt in crl'l fc!n. ; rnat with, her solin, more is precipitated : 
and if h"”droc'hiorie and > present, ^rtill more: HaeO-— 2:XH4 jS.iO^— 2S — Se 
— H^O. J. F. Xorri.; and H. Fay represented the reaction between 
a -oln. f>f soiiuia tMosiilpImte and seieninm dioxide : SeOo—dXaiSjO^— 2X^08406 
“-8e-“-2Xa’0 ; in cone. soln.. selenium precipitated, and the soln. becomes 
alkaline, }cjt in drl soln. !:r> -eleniiin: i- precipitated, and the reaetion is not com- 
]dete accordintr to this equation, owing tc* the sodinm hydroxide formed neutralizing 
part of the selenious ardJ, which, therefore, does not enter into reaction. In the 
jMesence of Iirdroehlorie acid, the reaction occurs according to the equation : 
,<e0^-~4Xa2So03-~4HCI-Xa.84Se0c-*-Xa3S406-^dXaCI-2H2d Xo selenium is 
precipitated, but sodium selenctetrathionate is formed, which cannot be isolated. The 
reaction dhsenssed below in connectioii with the selenothionic acids. O. Brtmck, 
and J. Aleyer and J. Jannek showed that red selenium is produced when selenious acid 
is reduced by sadimn liyposiilpMte. J. J. Berzelius found that selenious acid is very 
little changed when boiled with selemum, only a small proportion is converted into 
seleiiioiis oxide — r idf ^ j^ra , analytical reactions of selenium. G. Gore found that the 
acid is insoluble in liquid ammonia. The reduction of selenious acid to selenium by 
Iiydroxylajnine salts and by hydrazine salts was observed by C. Alexi, G. PeJlini and 
co-workers, J. dannek, and P. Jannascli and AL Aliiller ; by hypophc^horons add, 
ob.served l>y A. Giitbier and E. Bohn ; and by phosphorous add, observed by 
H» Kose, C. Alexi, and A. Gutbier, has been diseussed in connection with the 
analytical reactions of selenium* 

A. Jouve found that acetylene gives a red coloration with selenious acid in 
sulphuric acid sola., a reaction sensitive to the presence of 0-001 per cent, of seleniuin. 
A. Aliehaelis and B. Landmann's observations on the action of ethyl iodide and 
benzyl chioride have been previously indicated, Alany organic sntelanc^ act as 
reduclog agents in hot or cold soln. E. Levine discussed the colour reactions with 
phenesL F. AT. 0 , de Coninck and E. Chauvenet found that colloidal selenium 
is precipitated from soln. of selenious acid by glucose, laevulose, dextrose 
h^rmaldehyde, paraldehyde, oenanthol, formic acid, acetic acid, oxalic acid, nlalonic 
aeiii, succinic acid, and pjuoxacemic acids. G. Lunge found that diphenylamine 
reduces selenious add. S. A. Fokiii studied the action of selenious acid on various 
an-^aturated aliphatic acids ; L. Marino and co-workers, on piperidine ; and 
0 . Hmsberg, on naphthalene diamine. M. P. Sergeeff, X, A. Orioff, E. Schmidt, 
J. G* Bmgendorf, and F. Alecke found that a sola, of selenious acid in sulphuric 
add pves characteristic colorations with alkalmds — codeine, morphine, etc. 
Cl L. Jackson, A, Miehaelhi and F. Kunckell, E, von Gerichten, and B. Bathke 
studied organic compounds in which selenium takes the place of sulphur, 
il Chabrie also found that selenious acid is reduced to selenium by alcohol 
ftnnentatiom L, Afarino and co- workers obtained a complex with piperidine, 
*:^w.C 5H2,X. ^li. Brenek found that selenious acid fields two selenites with 
titeHiaa The action with various other oxides is discussed in con- 

iirftiioi with Hplciiitc?;. Seleniou.^ add in acidic soln. is oxidized by potassium 
f/: >pmik arid— pd the reaction: 4Se0.4A2KMii04==aSe0a 
T been applied to amljriieal work by F. A. Gooch and 
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E. W. Danner, B. Brauiier, E. A. GoocK and C. F. Clemons, P. Longier, E. Metzner, 
and W. T. Schrenk and B. L. Browning. 

H. Eeinsch observed tliat when metallic copper is placed in a warm holii. of 
selenious acid containing hydrochloric acid, it nnmediately becomes coated black ; 
if the solii. remains long in contact with the (*opper, it tarns light red from the 
separation of selenium. L. M. Clark found that the composition of the precipitate 
obtained by the reduction of selenious acid by siilphuroas acid in the presence of 
copper sulphate and hydrochloric acid varies from that of cuprous selenide in 
slightly acid soln. to that of pure selenium in solo, containing much hvdrocliloric 
acid. It is suggested that the selenious acid is under all coiiditions first reduced 
to selenium ; Se02-f-2Cu2Cl2-l-4IICl=Se-|-4CiiCl2~f'3H20, which suhse< 2 uently 

affords cuprous selenide : Se-f'2Cu2Cl2=Cu2Se-t-2CuCl2. The extent of the forma- 
tion of cuprous selenide depends on the hydrogen-ion cone, of the soln. 
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§ 10. The Selenite 

Selenious acid acts as a ditasic acid, forraing a series of normal saltsor selenites 
of tile type M2Se03, and a series of acid salts or kydmstUpiies of the type AIHSOg : 
and tKere are also salts of eTen higher acidity. MHSO3.H2SO3, or lIHsSe^Og. In 
addition, there are piimselenltes of the type IfoSe^Os, There are also complex salts ^ 
or heteropoly -sails with molyhdic acid, uranic acid, and vanadic acid. 

J. J. Berzelius,^ L. F, Xilson, and J. S. Muspratt obtained normal anioioiiiilin 
^enite, (XiH4)2S€03, by dissolving selenious acid in a slight excess of cone. aq. 
ammonia, and leaving the soin. to e^^aporate in a warm place. If the temp, rises too 
high dniiiig the admixture, some selenium may be reduced. F. A. FiiicMger 
observed that this salt is formed along with ammonium selenide when selenium 
and aq. ammoma are heated in a sealed tube. L. F. Xilson's analysis showed that 
the crystals are probably the nmiohydrate, (XH4)2Se03.H20, and he added that there 
is probably a higher hydrate still. J. J. Berzelius described the crystals as four- 
sided prisms, oblique four-sided plates, and feathery crystallites ; L. F. Xilson, as 
small white needles which, in contact with the mother-liquid, form transparent 
prisms. J. J. Berzelius, and J. S. Muspratt said that the salt deliquesces in air ; 
and L. F. Xilson, that when exposed to air, the normal salt loses ammonia and forms 
the hydroselenite. J, J. Berzelius, and J. S. Aluspratt found that when the normal 
selenite is heated, it swells up giving ofi ivater and ammoma, and afterwards water 
and nitrogen together with a quantity of trihydrodiselenite partly dissolved in the 
water and partly as a sublimate ; selenium remains as a residue : 3(hIH4)2Be03 
s=9H20+2XH3+3Se“r2]Sr2. R. Weinland and J. Alfa evaporated a cone. soln. 
of ammonium selenite in an excess of 40 ‘per cent, hydrofluoric acid and found that 
some hydroxyl radicles are replaced by fluorine to form SeO(OH).F(ONH4). 
B. Lafon observed that of the alkaloids and glucosides tried, only morphine, and 
codeine gave a green coloration which graduaSj becomes brown. When a sola, of 
the normal salt in water is allowed to evaporate spontaneously, J. J. Berzelius 
found that ammonia is evolved and acicular crystals of ammonium iiydrc»dmiite» 
XB^HSeO^, are formed. They are stable in air. L. F. Nilson obtained the salt in 
hygr«copc prisms. E. Comec measured the conductivity of soln. obtained by 
mixing different proportions of soln. of pi-, -pi-, and ^liil^-soln. 

of aq. ammoiiia and selenious acid. When the curves showing the product of the 
electrical conductivity and the sp. voL of the soln. as a function of the proportion of 
the constituent soln. mixed together are plotted, there is a corresponding 

witli the hjdroselenite for the three most cone, soln, ; and in all cases there is a 
Mftrimimi corxesponding with the normal selenite. Fig. 49. There is no e^ridence of 
any other compound as suggested by the results of A. Miolati and E. Mascetfci. 
E. Cbmec measureci the indices of refraction of mixtures of 2A’-H2Se03“ and 
aWNH^-boIh. at lO"", and found there is a linear fad from 1-M62 wirii 100' per cent* 
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of tlie selenious acid soln. to 1*3423 witli 50 per cent, of tlie alkali soln. added. 
Tkere is theii a fall to 1*3422, 1*3421 with 66*6 per cent, of ammonia soln. and 
then a drop to 1*3379 with 100 per cent, of 
anunonia soln. L. E. Nilson reported delique- 
scent prisms of ammonium diliydrotriselenite, 

2(NH4)2Se03.Il2Se03, to be formed by evapo- 
rating a soln. of selenious acid in aq. ammonia. 

J. J. BerzeKus obtained ammonium trihydro- 
diselenite, (NH4)HSe03.H2Se03, as a deliquescent 
mass, by evaporating a soln, of the hydroselenite, 
aided by heat or by treating it with an acid. He 
could not crystallize the salt ; but L. F. Nilson 
obtained it in deliquescent prisms by evaporat- 
ing the cone. soln. in vacuo. It loses ammonia 
when dried in vacuo over sulphuric acid. 

J. Jannek and J. Meyer said that a mixture of a 
cone. soln. of hydrazine hydrate and selenious 
acid yields a red soln. containing hydrazonium selenite and poIyseIeiiides„ which, 
oil dilution, forms a stable soln. of selenium. 

The alkali selenites were prepared by J, J. Berzelius by evaporating a soln. of 
the alkali carbonate sat. with selenious acid ; and L. E. Nilson obtained mono- 
hydrated litMum selenite, Li2Se03.H20, from a soln. of selenious acid in lithium 
hydroxide at 60°. The salt furnishes acicular crystals which lose half their water at 
100°, A. Eosenheim and L. Krause’s analysis agreed with the tetritatrihi/drate, 
4Li2Se03.3H20, not the monohydrate. J. J. Berzelius said that lithium selenite is 
hygroscopic; and it fuses below a red-heat, forming a yellow liquid which, 
on cooling, solidifies to a clear, pearly mass with a broadly foliated crystaUine 
texture. A. Eosenheim ^ahd L. Krause found that 100 grms. of sat. aq. soln. 
contain 
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so that the solubility of lithium selenite like that of many other lithium salts, has a 
negative temp, coeff. Lithium selenite shows no tendency to adsorb lithium 
hydroxide from aq. soln. 

L. F. Nilson prepared sodium selenite, Na2SeOo, by exposing the hydrated salt 
in dry air ; and by evaporating an aq. soln., between 60° and 100°, of a mixture of 
sodium hydroxide and selenious acid, in eq. proportions ; J. B. Knak used the same 
method ; and C. A. Cameron and J. Macallan, by heating together a mixture of 
sodium chloride and selenium dioxide. The salt was also prepared by J. S. Muspratt 
— ^probably from an acidic soln. J. J. Berzelius said that the salt obtained by evapo- 
rating the aq, soln. in vacuo forms small grains ; J. S. Muspratt obtained it in radiat- 
ing crystals, which, according to L. E. Nilson, are tetragonal prisms, J. S- Muspratt 
said that the crystals can be fused without decomposition ; J. J. Berzelius added 
that the salt is permanent in air ; tastes like borax ; is freely soluble in water, and 
insoluble in alcohol ; N. E. Dhar found that the reduction by organic acids is 
promoted by the presence of oxidizing agents — ^potassium permanganate, or per- 
sulphate, hydrogen dioxide, manganese dioxide, potassium nitrite, etc. L. E. Nilson 
said that if the aq. soln. be evaporated at ordinary temp, it furnishes a syrupy liquid 
which deposits tufts of microscopic, acicular crystals, or four-sided prisms with the 
ends cut off obliquely. The crystals are the fentaJiydmtey Na2Se03;5H20, which 
loses its water of crystallization in dry air. E. Cornec found the mol, lowering of the 
f.p. of water with normal sodium selenite is 43*2 to 49*4. A. Miolati and E. Mascetti 
observed the sp. conductivity of selenious acid when successive portions of a soln. of 
sodium hydroxide are added — vide Eig. 49 — ^and the results indicate the existence of 
the trihydrodiselenite and hydroselenite. They found the moL conductivity, /a, of 
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la' slowly cofdi!.'t£ vrrnpy :soIn. of tj*- ant ai.d L. F. XiAoin "by evaporaring over 
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water, J. S, -Muspratt tLoiigLt tlie salt was ni<’aobydrated, but L. F. Xilson said 
tliat it is I'oT MS. F. Sa< c neutralized seleniuiL^ acid with sodium carbonate: 
c‘VupoTjited ti't: tj a ^ym].y eond^rency ; and left it to ^tand in vacuo. He 
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been \erbjed. E. EoTnee measured tbe indices oi refraction of mixed soin. of 
2A-lL.delU a lid A'-HaOH at 19td, and found tLat the index of refraction falls 
iiiieady from I’.j4d2 with iwr cent, of t!ie jicidsolu. to 1*3421 with 50 per cent, of 
1 be alkali sulin, and it tbeii rises linearly to 1*3432 with 100 per cent, of tke alkali 
solii. E. Con ice found the mol. lowering of w'ater wdtL sodium IiydxosulpMte X 
32*9 to 36*2. and if tlie salt be regarded as pyroselenite, tLe mol. lowering is 65*B 
to 72*3. J. J. Berzelius said that sodium triliydrodiselenites XaH3(Se03)2, is formed 
by tlie sfMjbt, jicou^ evaporation of the aq. soln. L. F. Xilson used a soln. of a mol 
of sodium carbonate and 4 mols of selenious acid. J. S. Muspratt said that the salt 
is Lemihydrated, but L. F. Xilson could not verify this. It furnishes monoclinic 
prisms which are permanent in ordinary and in dry air, but the salt has a tendency 
to effloresce. 

J. J. Berzelius, J. S. 3Iiispratt, and L. F. Xilson prepared potassium sdLenite, 
KoSeOg, and the last-named said that the 'tmyiohydraie, K2Se03.H20, is obtained 

by boiling a soln. of equimolar parts of 

; 2-4 ^ — ; Y potassium carbonate and selenious acid 

^ 2 ’ 0 \^ ' to remove the carbon dioxide, and ailow- 

/.^^j ^ ^ /.^j the soln. to evaporate at ordinary 

^7"! - I ' ' temp, over sulphuric acid. The salt is 

rto ^ ' i deliquescent that the crystals could 

^ be freed from the mother-liquor 

lC‘ sc m fcc ^ 0 s 25 pj squeezing between bibulous paper. 

Pcrc^'yCM^ ^ Xilson said that the laminar, four- 

Fui. .'Fb~~Eifeei ui: Yja, .11.— E^ec-t of sided prisms are probably rhombic. 
AUivDH on thp tbe Fro>rres-s;ive J. J. Berzelius said that the salt melts 

I^oweriyg oi the Addition of Soln- -when heated, forming a yellow liquid 

•> which becomes a white when it is soMdl- 

2 A-ii.AeO, 5 . tlie »Spec-iiie t on- t -m*- .j - i ^ 

(iiutivitv. lied ana cold. J. o. Muspratt said that 

the aq. soln. is alkaline, and added that 
tlie suit has an unpleasant taste, and it is soluble in all proportions in water, 
lint iwt ill alcohol, w'liich ]>recipitates it as an oily liquid from its aq. soln. 
J. J. Berzelius said that the salt is not soluble in alcohol. J. J. Berzelius, J. B. Mus- 
pratt, and L. F. Xilson prejjared potassium hydroseleilite, KHSeOg, by the method 
used for the sodium salt. It furnishes laminar, four-sided, probably rhombic, 
prisma. The salt is very deliquescent, and is slightly soluble in alcohoL At 100“, 
the salt loses w'ater very slowly and becomes anhydrous — — without 
fusing ; at a higher temp, it loses selenium dioxide and forms the normal salt. 
E. Ciornec measured the lowering of the f.p. of mixtures of 2A’-H2Se03, and 
0-537-KOH, in various proportions, and obtained the results illustrated by Fig. 50. 
A point of inlexion corresponds with the formation of the hydroselenite, and a 
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jiiiiiiinuiii in the curve coiTesponding with the noriiial .sehuiite. P. Pringwheim and 

Yost studied the Eamau eSect with aq. soln. of the hydroselenite. A. Miolati 
and E, Mascetti measured the specific conductivity of a soln. of seleiiious acid (3 c.c. 
of which was neutralized with 0 ' 02 A“alkah) after the progressive addition of a c.c. of 
the alkali. The curves shown in Fig. 51 have breaks corresponding with the 
formation of trihydrodiselenites and hydroseleiiites. J. J. Berzelius, and L. F. Nilson 
prepared potassium triliydrodiselenite, KIl3(Se03)2, as m the case of the sodium 
salt. The glass-like prisms are probably rhombic, and are permanent in air. The 
salt is very solubie in water, and it loses about two-thirds of its total water at 
100 ^, and on tliis account, W. Muthmann and J. Bchafer suggested that it is really 
potassium pyroselenite, KO.SeO.O.SeO.OH.HoO. 

L. F. Nilson obtained rubidium selenite, Kb2Se03.H20, and cesium selenite, 
Cs2Se03.3H20, by crystallization from the aq. soln. prepared as in the case of the 
potassium salt. The crystals are o])tained with difficulty, and are extremely 
deliquescent. He also prepared rubidium -hydroselenite, RbHSeOg, and egesium 
hydroselenite, CsHvSeOj, as in the case of the sodium salt : and likewise also with 
rubidium trihydrodiselenite, RbH3(Se03).> ; and caesium trihydrodiselenite, 
CsHsfBeOa).. 

J. J. Berzelius ^ rejiorted a white, insoluble cuprous selenite to be formed by 
digesting cuprous oxide with a soln. of selenious acid; and a pistachio-green, 
insoluble, basic cupric selenite, by precipitation from a soln. of copper sulphate on 
adding a soln. of ammonium selenite containing an excess of ammonia. B. Bout- 
zouxeano obtained the basic salt, copper oxyselenite, 2Cu0.Se02, or Ca0.CuSe03, 

by heating water and the precipitate obtained by J. J. Berzehus in a sealed tube 
at 220 ® ; and also by heating the normal salt with a little cupric carbonate and water 
under similar conditions. The yellowish-green, or dark olive-green, prismatic 
crystals are monoclinic. They lose selenium dioxide when calcined, leaving a 
residue of cuprous and cupric oxide. The oxyselenite is insoluble in water, and 
soluble in aq. ammonia, and in acids. J. J. Berzelius obtained a bulky, curdy, 
yellowish precipitate on adding ammonium hydroselenite to a warm, aq. soln. of 
copper sulphite. The precipitate soon forms greenish-hliie crystals of copper 
sdenite, CuSeOs.^HoO, that is, HO.Cu.O.SeO.O.Cu.O.SeO.O.Cu.O.SeO.OH. 
J. S, Musjnatt obtained the same tetritahydrate in a similar manner ; and B. Bout- 
zoureano, by heating the dihydrate and water in a sealed tube at 150 ® ; or by heating 
the tetrahydiated hydroselenite at 100 °, R. L, Espil obtained the salt, in green rods, 
by passing the vapour of selenium dioxide over copper oxide, or by heating the 
mixed oxides in a sealed tube. B. Boutzoureano observed that the greenish- 
blue crystals he prepared are probably moiioclinic. When heated they lose water, 
and become liver-brown, they then fuse, turn black, and give off their water with 
ebullition. The salt is insoluble in w^ater, or in selenious acid ; but is soluble in 
acids. L. F. Nilson obtained the dihydrate, CuSe03.2H20, by adding potassium 
hydroselenite to a soln. of copper sulphate, and allowing the greenish-yellow, 
amorphous precipitate to stand in the mother-liquor for some time, when it is con- 
verted into four-sided, prismatic crystals. C. Friedel and E. Sarasiii obtained the 
same hydrate, as a blue, crystalline powder, in a similar manner by using normal 
potassium selenite, and also by heating the precipitate with water in a sealed tube 
at 130 °” 200 ®. C. Friedel and B. Sarasin, and B. Boutzoureano, obtained rhombic 
crystals by allowing a cracked test-tube containing potassium selenite to stand in 
a soln. of copper sulphate. A. des Cloizeaux and A. Damour found that this salt 
occum in tliin crusts of transparent, bright blue crystals lining the cracks in the 
cupriferous lead selenide deposits at Cerro de Cacheuta, Argentine. The mineral 
was named ebalcomenite — ^^aA/cos*, copper ; and ^iqvrj, moon, in allusion to selenium 
— and it is easily distinguished from the malachite and azurite occurring along with 
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it. A. des Cloizeaiix and A. Damonr found tnat; the crystals of chalcomenite arc 
moiioclinic prisms with the axiai ratios a :h: c=0*72219 : 1 : 0-24604, and ^=S9" 9' . 
die (001)- and the /101)-faces are often striated ; the optical character is negative. 
The artificial crystals ohtained by C. Friedel and E. Sarasin, were found to be rhoraLic 
blpyramids with the axial ratios aili: c=0*9071 : 1 : 1*2322. The sp. , 2 :r. of 
chalcomenite is 3-76. The salt loses some water at 100", but when the whole of the 
water is expelled, some selenium dioxide is simultaneously lost. The salt is 
permanent in air ; and insoluble in selenious acid. C. Ereidel and E. Barasin 
prepared copper hydroselerdte, CufHSeO^Aj "^7 heating the normal salt with some 
water and selenious acid in a sealed tube at 130^-200" ; and L. F. Yilson, and 
B. Boutzoureano, by digesting the normal salt with selenious acid at 60^. The 
bluish-green powder consists of microscopic prisms. The salt suSers no loss of 
weight at 100' ; it gives oE water when heated in a sealed tube ; it is insoluble in 
water, hut is decomposed, forming the normal salt. It is soluble in acids. B. Bout- 
zoureano obtained the monohydrate^ Cu(HSe 03 ) 2 .H 20 , from a soln. of the hydroxide 
in selenious acid, and by heating the hydroseienite with a cone. soln. of selenious 
acid in a sealed tube at 230"". The green crystals are monochnic ; they lose 5*1 per 
cent, of w'ater at BJO^. L. F. Yilson reported the dihydmte, Cu(HSe03)2.2H20, to 
be formed froih a soln. of the hydroxide in selenious acid. The blue powder becomes 
green in warm water. B. Boutzoureano reported the trihydrate^ Cu{HSe03)2.3H20, 
to he formed from a boiling soln. of selenious acid and copper carbonate. The 
green, rhombic crystals furnish the normal salt at 100° ; they effloresce in air ; and 
they are insoluble in water but soluble in acids. L. F. TTilson could not make a 
more acid copper selenite. W. L. Eay prepared green, crystalline copper pyrossele- 
nite, CuSe205, by heating selenium oxydichloride, and anhydrous cupric chloride : 
CuCl2+3Se02=CuSe03.Se0>-hSe0Cl2. The selenium oxychloride simply acts as 
a solvent for cupric chloride and selenium dioxide. Selenium dioxide formed by the 
hydrolysis of some of the selenium oxydichloride by moisture of the air is dissolved 
in the excess of selenium oxydichloride, and when a certain cone, of selerdim 
dioxide is reached the copper selenite is formed. The reaction may be made to go 
from right to left by adding selenium oxydichloride that is not sat. with seleniuzn 
dioxide. Anhydrous cupric chloride and selenium dioxide heated together give 
selenium oxydichloride and a selenite of copper. F. L. Hahn prepared chromium 
copper selenite. 

J. J, Berzelius ^ obtained silver selenite, AgoSeOs, by dissolving silver selenide 
in boiliDg nitric acid ; the soln. deposits crystals of the salt on cooling. J. Thomsen 
obtaineci the salt from a soln. of silver carbonate in selenious acid ; and J. J. Berze- 
lius, by adding selenious acid to a soln. of silver nitrate when the selenite is pre- 
cipitated as a white powder ; the salt crystallizes in needles from a soln. in hot, 
dil. nitric acid, and V. Lenher said, in anhydrous plates ; the sp. gr. is 5*9297. 
J. J. Berzelius said that the salt is not blackened in hght ; it fuses almost as easily 
as silver chloride, forming a clear liquid which, on cooling, soHdifies to a white, 
opaque, friable mass having a crystalline fracture. When strongly heated, it gives 
ofE selenium dioxide and oxygen, forming silver. It is sparingly soluble in cold 
water, more freely in hot water ; and it readily dissolves in nitric acid, from which 
soln. it may be precipitated by adding cold water. According to E. Divers and 
T. SMniidzu, silver selenite is a little more soluble in nitric acid than is silver sulphite ; 
and it is not soluble in a soln. of potassium selenite. J. Thomsen said that when the 
salt is shaken with bromine water it furnishes selenic acid and silver bromide ; and 
J. Krut^vig found that when it is heated in chlorine, silver chloride is formed and 
selenium dioxide sublimed. B. Boutzoureano evaporated, in air or in vacuo, a 
soln. of silver selenite in aq. ammonia, and obtained yellow crystals of silver animmoT 
selaaite^ Ag2Se03.NH3. The salt blackens in light ; it is insoluble in water and 
is not decomposed by boiling water ; and it is soluble in nitric acid especially if 
warm. G. Briini and G. Levi also prepared silver tetramioinasdemte, 
. Ag2Se03.4M[g. No gold sdmke has been reported. 
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Accordiiip^ to J. J . Berzelius,^ calcilim selenit© is gradually deposited during the 
dissolution of calcium carbonate in a soln. of selenious acid ; and L. F. Nilson 
obtained the tfitatetraJiydrate, SCaSeOs.iHoO, as a white precipitate consisting of 
microscopic prisms, when a soln. of calcium chloride is treated with one of sodium 
selenite. The salt w'as also prepared by J. S. Muspratt. J. J. Berzelius said that 
the salt fuses at a red- heat, and in this state has a powerful action on glass, blistering 
it in a remarkable manner. It is slightly soluble in water. L. F. Nilson found that 
it effloresces over cone, sulphuric acid losing a mol. of water. J. J. Berzelius, and 
L. F. Nilson obtained strontium S6lenite, SrSe03.3H20, in an analogous manner ; 
and J. J. Berzelius, J. S. Muspratt, and L. F. Nilson, microscopic prisms of barium 
selenite, wdiich L. F. Nilson regarded as the monoJiydrate, BaSe03.H20. J. B. Kiak 
treated a soln. of selenious acid with baryta-water, and washed the precipitated 
selenite. 0. Pettersson found that harium selenite can be heated to whiteness 
without decomposition, and at the same temp, the selenate is converted to selenite. 
J. J. Berzelius obtained small prismatic crystals of calcium hydroselenite, from a 
soln. of the normal salt in selenious acid ; and L. F. Nilson obtained monoclinic 
prisms of the monohydrate, Ca{HSe03)2.H20, when a soln. of a mol of calcium oxide 
in two mols of selenious acid is allowed to stand over cone, sulphuric acid. The salt 
is permanent in air ; it loses half its selenious acid when heated, or in contact with 
ammonia ; and it is fairly soluble in water. J. J. Berzelius, and L. F. Nilson also 
prepared strontium hydroselenite, Sr(HSe 03)2 ; and J. J. Berzelius, J. B, Muspratt, 
and L. F. Nilson, barium hydroselenite, which L. F. Nilson found to be anhydrous, 
and it is therefore barium pyroselenite, BaSe 205 . L. F. Nilson evaporated at 60° 
a soln. of the normal salt mixed with an equimolar part of selenious acid, and 
obtained six-sided plates of calcium tetraselenite, Ga2Se40io.H20, or Ca2H2Se40ii, 
which are stable in air, and freely soluble in water. He could not prepare a barium 
selenite more acid than the pyroselenite. 

J. J. Berzelius mentioned that selenite of beryllium is a white powder ; that the 
liydroselenite is soluble and, when evaporated, dries to a gummy mass ; and that 
both salts lose acid when heated : J. S. Muspratt added that beryllium selenite is in 
every way analogous to that of aluminium ; while the hydroselenite is extremely 
soluble and does not crystallize. A. Atterberg did not obtain normal beryllium 
selenite, BeSe03, but stated tliat it does not seem to be crystallizable, and its soln. 
is decomposed by water depositing basic salts. He reported three basic selenites, or 
beryUium oxyselenites ; one with the ratios BeO : SeO^ : H2O—3 : 2 : 6, was 
obtained by adding ammonia to a soln. of beryllia, but keeping the soln. acidic, the 
amorphous precipitate loses about half its water at 100° — a second salt, with the 
ratios 2:1:4, was made by adding a soln. of beryllia in selenious acid and treated 
with ammonia so long as the precipitate formed is redissolved, to a soln. of beryllium 
oxvsulphate, Be0,BeS04. The amorphous precipitate loses about half its water at 
100°. The third basic selenite, with the ratios 7:3: 14, was obtained by adding 
sodium acetate to the mother-liquor remaining after the separation of the preceding 
salts. L. F, Nilson obtained a basic salt with the ratios 5 : 2 : 10 j this is very near 
to A. Atterberg's third salt. L. F. Nilson obtained the 5:2: 10-salt by adding 
normal sodium selenite to a very dil. soln. of normal beryllium sulphate untd the 
precipitate does not dissolve when the sola, is stirred. If the product is treated at 
60° with 63*08 per cent, of its weight of selenious acid and a little water, evaporated 
nearly to dryness, and stirred with a little water, there is formed normal beryUium 
selenite, BeSe03,2H20, in globular masses of a gummy nature, tough and flexible 
when warm, brittle when cold. If a large excess of water is used, the precipitate is a 
white, flaky, amorphous, basic salt. L. F. Nilson also reported a number of acidic 
salts including beryllium hydroselenite, Be(HSe03)2, obtained in oblique, four- 
sided plates, by allowing a syrupy soln. of 100 parts of the 5:2: 10-salt in 168 parts 
of selenious aci^d to evaporate spontaneously at ordinary temp. He also found that 
if this soln. is allowed to evaporate at 60°, crystals of the 3:5: 3-salt — ^beryllium 
pentaselenite — are formed ; and the evaporation of the mother- liquor furnishes the 
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3:7: 6-itiIt uLCe a suk. of IM) part^ uf tii 2 7 : 2 : i'.-ioli — lieiyiliiiiii keptaselepite 
— Mid 37S-5 p^irrs of selenium diomde nt fnrksLes tie 1:3: 2-^kt — terylliiiiii 
triselenite* Aii these products are sj: 1 to nltru::.: it n-e:les : to le s]jr*r:ng!v 
sulnlle in cold and lot water ; and to le - ilk > In dil* Ivdrcel: trie acid. Inere^:^ 
an mdetiriteness about compounds wlr-e ’li.dnt- f r ret <: unit: on as cleniioai tnoi- 
viduad are based on analysis — rartiorilirir gummy, antornlotis masses. Tie 
subject — lid*: tie iende Ijeryllium snir lutes. 4. 2^, II — revision in tie iiglt of 
tie phase rile. 

J. J. Berzelims prepare 1 ma^estiim selenite, a.-* a vcilt-^. granuLir mass. Ip- digest- 
i::i£ magiiesiuiii Carbonate wim a s^Ii^. ■ f slenivus ac*d. an^ ii. snmii, nydraied, lunr- 
Mdefl ]irLms and pkte^. l-yevanoratincr tie I'C. no. :r'-in. Aceordicu to J. S. Mm- 
pratt. tie rloisJoc prisiaj^tic cry-rd- an^ tio'oro vl tie MgSeO^liH^O, 

isomurploas with maunesinrn suinlate and carl mate. bYlen leated, tie salt loses 
water and assumes tie appearance of .^n ename: wlitdi attacks glass like calciimi 
selenite. Accicrdinu to L. f. XiLon. J. d. Musprattl trilydrate was deposited from 
boiling water, and there j'Ome tiiioertainty if J. S. 3Iiispratt did not mistake tie 
trilydrate for tie l^IgdeOj.dH^U. wLicl L. F. Xilson prepared by adding 

sedium selenite t*> a solin ^ d magnesium cLIr.ride. B. Bontzonreano also obtained it by 
treatiiig a sidii. uf ellonde or -iiiplate wiili selenions acid, and adding 

eiiougii srdiiini earlonate to .•'tart tie precipitation, wMeli completes itself wken tie 
mixture is allowed to stand for some time. L. F. Xilson said that the hexaliydrate 
forms six-sidedj rhombic plates : B. Boutzonreano, tetrahedral crystals belonging 
to the cubic system. The salt is insoluble in water, but soluble in dil. acids — ^also 
selenioiis acid, especially when warm. When boiled with w&tei, it begins to form a 
lower hydrate, and when heated in a sealed tube to 150', it forms inonoclinic prisms 
of the iikiiimtp, MgSeO^JH^O. "^Yhea the hexahydrate is heated to ICW, it loses 
5 mois of water, leaving the nyonohjdrate, MgSe63.H20, which B. Boutzoureano 
represented HO.Mg.HSeOa ; the dihjdrate at also forms the monohydrate. 

A. Hllger and E, von Gerichten thought that a heptaltydraie, MgSeOs-THsO, is formed 
as a crystalline precipitate, similar to ammonium magnesium phosphate, when a 
mixture of magnesium and ammonium chlorides and ammonia — ^magnesia mixture — 
is added to a soln. of seienious acid or alkali selenite, and the mixture allowed to 
stand for some time. When calcined it loses a little selenium oxide ; it is sparingly 
soluble in water, and freely soluble in acetic and mineral acids. According to 

B. Boutzoureano, if a soln. of the normal selenite in seienious acid be heated in a 
sealed tube at 2CKi®, rhombohedral crystals of magiiesiiiiiiIsyiro^lemte,Mg(HSe03)2j 
are formed. The salt leaves a residue of magnesia "when calcined ; it is insoluble 
in w'dter, and soluble in acids. L. F. Xilson prepared the imak^iraie, 
MgfHSeOglgAH^O, from a soln. of equimolar parts of the normal selenite and seie- 
nious acid. The six-sided prisins are said to be stable in air, and to lose 3 mols. of 
water at ICO'. The salt is freely soluble in water. L. F. Xilson prepared mag- 
n^um teterfiyirDiimtem MgH4(Se03}3, by evaporating a soln. of a mol of the 
liOimal ^alt and 3 mols of seienious acid at ; if the evaporation be conducted 
at ordinary temp., rhombic prisms of the triktfdme, MgH{Se03)3.3H20, are formed. 

B. Boutzoureano obtain^ normal anc ZnSeOg, by heating the hydrate 

to ; the liydrated salt crystallizes from the mother-liquor obtained in preparing 
the hydroseleiiite. The prismatic crystals are probably rhombic. The salt is decom- 
fiosed by calcination in air, leaving zinc oxide as a residue. It is insoluble in water ; 
and soluble in adds. L. F. Xilson also obtained this salt by heating the nionohydrate 
with a 52* HI} cent. soln. of seienious acid. L. F. Xilson prepared the mmoki/draie, 
ZnSeOg.H^ti. as a white, flaky, amorphous precipitate by mixing soln. of zinc 
salpliate^aiid potASsium selenite. If heated with a little seienious acid, it is converted 
into a microcryslalline powder, which is permanent in air, and when heated to 1CX}°, 
J. ^nelius, and X S. Muspratt obtained the iUi^dme, ZnSe08.2Hg0, as a white 
pweipilate insoluble in water* According to L. F. Xilson, it forms white, four-sided, 
rhombic prisms when it is slowed to stand in contact with seienious aeid. As indi- 
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catetl above, it passes into the anhydrous salt at 200°.^ J. J. Berzelius said that when 
the salt is heated, it fuses to a yellow transparent liquid which on cooling forms a 
white mass with a crystalline fracture ; at a higher temp., it gives off selenium 
dioxide, leaving a basic- salt no longer decomposa-ble by heat. When a soln. of zinc 
selenite in ammonia is eva])orated spontaneously in air, in vacuo, or on a water-bath, 
B. Boutzoureano obtained rhombic crystals of zinc amminoselemte, ZnSeOg.NHg. 
It is not altered hy cold or boiling water ; and it does not lose weight at 100°. "When 
heated in a closed tube it gives off water and selenium. J. J. Berzelius said that a 
soil), of zinc selenite in seletiioiis acid yields a transparent, gummy mass easily 
soluble in water. L F. Nilson failed to ])re])are zinc hydro selenite because of the 
o-reat insolubility of the neutral salt’’ wlijch [lasses into soln. as tetraselenite. 
B. Boutzoureano was more successful, since he obtained zinc bydroselenite^ 
Zn(HSe03)2.2H20, by adding powdered zinc carbonate, in small portions at a time, 
to soil), of 20 grms. of selenium dioxide in 30 c.c. of water : and leaving the clear, 
decanted, syrupy liquid to stand for some time at 20° to 30°. The colourless, lustrous, 
monoclinic ])risms lose 2 mols. of water at 100°. F. Wohler obtained zinc tetra- 
selenite, Zn8e409.3H20, by the action of selenious acid on metallic zinc. The liquid 
IS separated from the selenium and zinc selenide formed at the same time, and when 
spontaneously evaporated furnishes yellow, oblique, rhombic prisms, which are 
pennauent in air, a,nd easily soluble in water. Wlieu the aq. soln. is heated it forms 
the normal selenide. L. F. Nilson made this salt by treating a mol of the normal 
salt With a soln. of 3 mols of selenium dioxide and water, and allowing 
the liquid to evaporate spontaneously. 

J. S. Muspratt found that selenious acid does not give a precipitate with a zinc 
salt, but ammonium selenite furnishes a white precipitate resembling precipitated 
alumina. It assumes an orange tint when exposed to air ; it is soluble in selenious 
acid; and gives a yellowish-red sublimate when heated in a closed tube. 
L. F. Nilson prepared cadmium selenite, CdSe03, from a soln.' of cadmium hydroxide 
in hot selenious acid ; the liquid suddenly deposited acicular crystals with oblique 
ends. B. Boutzoureano obtained it in rhombic crystals by heating the hydroselenite 
with water in a sealed tube at 200°. The salt is insoluble in water, soluble in acids. 
L. F. Nilson said that the hemdirihi/drate) 2CdSe03.3H20, is formed as a white, 
amorphous, insoluble precipitate when a soln. of cadmium chloride is treated with 
sodium selenite. B. Boutzoureano evaporated a soln. of the normal selenite in 
ammonia, and obtained cadmium amminoselenite, CdSeOs.NHg, as a white, 
crystalline pow^der consisting of rhombic prisms which are insoluble in water; 
soluble in dil. acids ; decomposed by hot potash-lye ; and decomposed when heated 
ill a sealed tube. JB. Boutzoureano also obtained cadmium dihydrotriselenite, 
2CdSe03.H2Se03, or SeO(O.Cd.HSe03)2, from a hot soln. of cadmium carbonate 
in selenious acid. The monoclinic crystals are insoluble in water, and soluble in 
acids ; they lose water in a sealed tube at 200°, and form the normal selenite. 
L. F. Nilson found that if a soln. of a mol of the dihydxotetraselenite in 2 mols of 
selenious acid be evaporated to dryness, and the residue washed with water, small 
four-sided prisms of the monohf/drate, 2CdSeO3.H2SeO3.H2O, are formed. L. F. Nilson 
reported cadmium dihydrotetraselenite, 3CdSe03.H2Se03, to be formed from a soln. 
of cadmium selenite in an excess of selenious acid, L. F. Nilson obtained prismatic 
crystals of cadmium pyroselenite, CdSe206, by digesting 100 parts of a soln. of 
normal selenite with 139*35 j)arts of seleufum dioxide, and evaporating the liquid at 
60° ; and B. Boutzoureano, by heating in a sealed tube at 230°, cadmium hydro- 
selenite with three times its weight of water. The rhombic prisms are insoluble in 
water, and soluble in acids. 

L. F. Nilson concluded that mercurous oxide has a great tendency to form basic 
salts with selenious acid ; in circumstances where the normal salt would be 
expected, the basic salt Hg.20 : Se02=3 : 2 is formed ; and when the hydroselenite 
would be expected, the 4 : 3 salt was produced. It is therefore assumed that the 
selenious acid dissolves one part of the base leaving a basic salt as a residue, 
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wiiile an acid salt passes into soln. la ether words, the mercurous selenite? are 
Terr Eable to hydrolyze. According to J. J, Berzelius, selenious acid or an alkali 
selenite gives a white precipitate with mercurous nitrate, and L. F. Xilson 
represented the coninosition fC the precipitate with seienioiis acid hy 
THgaO.dheOa.dHoO, or merciiroiis oxyLexaseieMte'; 

that precipiratecl hy a mol of seleniins acid per mol of mercurous nitrate by 
3Hg2^d.*2Sel\».4Il20r or Hb?20.2Hg2SeCh.4H20--iiierciiroiis ozyiiselenite— this 
is the let mhjd rate, whereas he obtained the pei>iahydmie, Hg 2 O. 2 Hg 2 SeO 3 . 5 H 2 O, 
with sodium selenite as preeij'itant ; B. BuLLtzonreano said that if mercurous 
oxydiselenite and water or selenious acid be heated in a sealed tube, a mixture 
of yellow prhms of mercuric selenite and acicular crystals of a mercurous salt 
is formed. L. F. Xiison observed that if a mol of mercurous nitrate be 
precipitated by 8 mols of selenious acid, the composition is represented by 
4 Hg 2 O. 38 eO 2 . 6 H 2 O, or Hg 20 . 3 Hg 28 e 02 6 H 2 O— meretiroiis oxyMselenite is 
produced. J. J. Berzelius said that the white powder fuses into a dark brown 
liquid wMclr Ijecomes a iemon-yellow solid and nearly transparent when cold. 
Hydroeliloric acid converts it into mercurous chloride, and some of the selenious 
acid is reduced to seleniuin. Potash-lye extracts all the selenious acid. It is not 
soluble In water or in selenious acid. F. Kohler said that normal mercurous selenite, 
rarely ficciirs in nature ; and he obtained it by treating mercurous nitrate 
by sudiiiin selenite. L, F. Xiison could not prepare the normal salt ; E. Divers 
and T, Shimidzu said that mercurous selenite is not decomposed by potassium 
selenite into mercury and mercuric selenite. Neither L. F. Xiison nor C. A. Cameron 
and E. W. Davy were able to obtain mercurous hydroseleraie, HgHSeOs. F. Kohler 
found that if the normal selenite be heated below its m.p., dark red mercurous 
tetraselenite, 3 Hg 20 . 4 Se 02 , is formed as a crystalline mass of sp. gr. 7*350 at 13*5®, 
It is very little changed by boiling nitric acid ; and it gives a sublimate of selenium 
dioxide when heated. L. F. Xiison found that if a moi of mercurous oxyhexa- 
selenite is treated with 22 mots of selenious acid, mercurous euueaselenita, 
5 Hg 20 . 93 e 02 . 12 H 2 ^j is produced as a yellow crystalline powder. 

J. J. Berzelius dissolved mercuric oxide in selenious acid and obtained normal 
mercuric selenite, which L. F. Xiison, and B. Boutzoureano represented by 
HgSeO^. J. J. Berzelius also prepared it by double decomposition. F, Kohler was 
unable to confirm J. J. Berzelius’ observation that the normal selenite is produced 
by the action of selenious acid on either precipitated or ordinary mercuric oxide at 
either a high or a low temp. Instead, he obtained a yellow basic salt — mercuric 
taioxytetra^eiiite, 7Hg0.4Se02, or 3 Hg 0 . 4 HgSe 03 . On the other hand, L. F. Xii- 
son, in agreement with J. J. Berzelius, found that when precipitated mercuric oxide 
is treated with a soln. of selenious acid no change occurs, but if the liquid be evapo- 
rated at ICH}®, the yellow colour graduaHj disappears as the acid becomes more 
cone., and finally a white powder consisting of prismatic crystals is formed. These 
are washed with water, and dried between bibulous paper. A considerable excess 
of selenious acid was employed ; but the mother-liquor contained no mercuric salt 
showing that the existence of a soluble hydroselenite is unlikely- B. Boutzoureano 
prepared normal mercuric selenite in yellow, rhombic plates, by boiling mercurous 
oxydiselemte with nitric acid. E. Divers and T. Shimidzu found that mercuric 
selenite is a little more soluble than mercuric sulphite in nitric acid ; that mercunc 
selenite, as well as mercuric oxide, is soluble in a soln, of potassium selenite, and the 
isoin. gives no precipitate with potassium liydroxide. L. F. Xiison found that when 
a mol of the normal salt is digested with 1 to 3 mols of selenious acid, microscopic 
needles of merairic iilijidbropentaseleiiite, 4 HgSe 0 s.H 2 Se 03 . 2 H 205 are formed. 
L. F. Xiison could not prepare a more acid salt, but J. J. Berzelius reported 
ii»riMrioliyirc3Sdeoite to be formed wKen selenious acid is sat. with mercuric oxide, 
and the soln. from which the neutral salt has commenced to separate is evaporated. 
It forms prismatic crystals, longitudinally striated, containing a large proportion 
of of crystahiation. When heated, the salt fuses in its water of crystallization. 
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it then solidifies, and finally sublimes unchanged in composition. It is freely soluble in 
water, and slightly soluble in alcohol ; the aq. sohi. is not precipitated by ammonia ; 
it is slowly precipitated by alkali carbonate ; and incompletely precipitated hv 
alkali hydroxide. Sulphur dioxide precipitates mercurous selenite, which soon 
acquires a pink or scarlet colour owing to the presence of reduced seleniuin. 

A. Eosenheim and M. Pritze evaporated a soln. of mercuric chloride with two mois of 
sodium selenate and obtained white crystals of sodium mercuric selenite, 
Na 2 Hg(Se 03 ) 3 , which are fairly stable in air. They are decomposed by water and 
alkali-lye with the separation of mercuric selenite. 

J. J. Berzelius assumed that the precipitate obtained by adding potassium 
selenite to a neutral soln. of aluminium chloride, or alum, is normal aiuudnium 
selenite, Al 2 (Se 03 ) 3 .!?^II 20 ; J. S. Muspratt analyzed the product, and apparently 
supported the assumption, for he stated that the white amorphous powder, dried 
over sulphuric acid, is the trihydrate, Al 2 (Se 03 ) 3 , 3 H 20 . Against this, L. E. Xilsoa 
showed that a basic salt— aluminium trioxyenneaselenite, ^AlsOg-SSeOg-SSHsO, or 
Ai 203 . 3 Al 2 (Se 03 ) 3 . 36 H 20 — ^is produced when an excess of aluminium sulphate is 
treated with sodium selenite. The voluminous, white precipitate loses 16 mols, of 
water at 100°. The mother-liquor, in spite of the excess of aluminium sulphate, 
still retains much selenious acid. In order to prepare the normal selenite 
L. E. Nilson found it necessary to digest the basic salt with the necessary quantity 
— say 16-2 per cent. — of selenious acid for some time, when the Jwptahydmte, 
Al 2 (Se 03 ) 3 . 7 H 20 , is obtained as a white crystalline powder. B. Boutzoureano 
also obtained the salt in a somewhat similar way, and showed that the crystals 
are hexagonal prisms resembling quartz. L. F. Nilson found that the heptahydrate 
loses a mol. of water at 100 ° — Boutzoureano said that nearly mols are lost. 
L. E. Nilson found that the salt is very sparingly soluble in water — B. Boutzoureano 
said insoluble. The salt is soluble in acids. According to L. E. Nilson, the analysis 
of J. S. Muspratt in support of the trihydrate is “ little wmrthy of reliance ” ; but 

B. Boutzoureano obtained the trihydrate by heating the heptahydrate with 8 to 10 
times its weight of selenium dioxide and 15 times its -weight of water in a sealed 
tube at 230°, or by heating the heptahydrate with selenious acid. The octahedral 
crystals of the trihydrate lose about one-third of their water between 100 ° and 
125°. The trihydrate is said to be insoluble in water, and soluble in acids. 
B. Boutzoureano obtained rhombic prisms of aluminiam tetraselenite, 
Al 2 O 3 . 4 SeO 2 . 3 H 2 O, by beating the heptahydrated normal salt with 8 to 10 times 
its weight of selenium dioxide and the same weight of water in a sealed tube at 
250°. The salt is stable at 100 °. He represented the constitution of the normal 
tri- and hepta-hydrates of the normal selenite, and of the tetraselenite as follows : 


SeO< 


OH 

0— Al- -0— HSeOg 
0— Al— 0— HSeOa 


-}-5H20 


OH 


SeO< 


OH 

0— Al— 0— HSeOa 
O—Al— 0— HSeOa 
OH 


+H 2 O 


Al2(Se0a)3.7H20 Al2(SeOa)3.3Hp 

OH 

HSeOa— 0— Al — 0— HSeOg 
HSeOa— 0— Al — 0— HSeOa 

ok 


Al2O3.4SeO2.3H2O 


L. F. Nilson reported aluminium hemienneaselenite, 2 Al 205 . 9 Se 02 . 12 H 20 , to be 
formed when the basic salt is treated with 81*02 per cent, of its weight of selenious 
acid — i.e, the amount which would be required to form the hydioselemte. No 
action occurred at ordinary temp., but when warmed, and evaporated, gummy 
mass was formed which, on adding cold water, yielded the orystaUme salt. 
J. J. Berzelius said that aluminium hydroselenite is formed, as a gummy mass, 
when the normal salt is dissolved in selenious acid ; and L. F. Nilson obtained the 
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imnoh^^flraie, Al20:j.6Se02.5H^0j i.e. AI(H^’ 5 e 03 i 3 .H 20 J from a solii. of the basic 
salt in 210'64 per cent, of its weight of selenioiis acid. B. Boutzonreano heated a 
mixture of one part of the hydrated normal salt, 10 parts of seleninin dioxide, 
and 7 to 8 parts of water at 130 ^- 150 ". The white powder consists of monocHnic 
plates of aiiimimiiiii hexaseleiiite, ALOs.dSeOo.dH^O : 

SeO— ■< A1 -’O.H 8 pf>p /2 

^<Sr-0 -( Ai-'O.HSeO.), 

L. F. Yilson observed that in its Lehaviour towards selenioiis acid, iiidiuin 
resembles aluminium, ehromiiiin. cerium, lanthanum, and didymium. He obtained 
mditun liyirosyseleilite, Iii2(Se03:‘;3.2In(0H)3.22H20, as an amorphous, slimy 
precipitate, on adding sodium selenite to a neutral soln. of indium chloride. It 
loses 19 mols. of water at 100 " : and when" digested with selenious acid at . 60 ^, 
but not completely evaporated, it furnishes acicular prisms of mdium selenite, 
Iii2(Se03}3,6H20. It loses 4*6 mols. of water at lOOT If the liquid be evaporated 
to iryness, and the residue treated with water, acid salts are formed. When a 
mixture of the basic salt with 65 per cent, of selenious acid is evaporated to dryness 
at about 60 % and the residue washed with water, indium liexaliydroemieaselemte, 
2Iii2(Se03^3.3H2Se03.12H20, or In2(Be03)3.2In(HSe03)3.12H20, remains in granular 
crystals. It loses its water of crystallization at 100 ". If the basic salt be digested 
with 169*91 per cent, of selenious acid ; the soin. evaporated to dryness at 60 "" ; 
and the residue extracted with water, there remains a crystalline powder of indium 
hydroselenite, In2(Se02)3.3H2Se03.4H20, or In(HSe03)3.2H20. 

L. Marino prepared thaJlic selenite, Ti2{Se03)3, by boiling a freshly prepared 
soln, of thallic hydroxide with an excess of selenious acid. The white, crystalline 
mass is insoluble in water, but soluble in dil, nitric acid ; it is decomposed by 
hydrochloric and sulphuric acids : and furnishes thallic oxide when treated with 
aikali-lye. F. Kuhlmaim obtained normal thallous selenite, TbSeOs, by oxidizing 
thaHous seleiiide with nitric acid, or firom a sat. soln, of thallous carbonate in 
selenious acid. The mica-like crystals melt when heated. The salt is freely 
soluble in water, but insoluble in alcohol and ether. A soln. of the normal salt 
ia selenious acid deposits crystals of tliallous hydroselenite, TIHSeOs I which are 
also obtained by adding alcohol to the soin. They are freely soluble in water. 
F. Franke gave for the electricai conducti%dty of a soln. of an eq. of the normal salt 
in V litres of water at 25 ® : 

I? . . 32 64 128 256 512 1024 

A. . , 77*94 89*03 99-55 108-1 116-0 122*7 

J. J. Berzelius ^ obtained a white, insoluble powder by double decomposition, 
and L. F. Yilson showed that the precipitate obtained with a soln. of cerous sulphate 
and an excess of sodium selenite as a basic salt — cerous oxypentasdeuite, 
Ce20(Se03}2.(^2(S®03)3-^S^2^- When a mol of this salt is digested with a warm 
sofii. of a mol of selenious acid, white, insoluble, amorphous cerous seleuite, 
Ce2(Se03b.l2H20, is formed, S. Jolin also obtained the amorphous salt with 3 mols. 
of water by adding selenious acid to a soln. of cerous acetate ; it lost half its water at 
100®. J. J. Berzdius obtained a soln. of the normal salt in selenious acid and 
mferred that it contained the acid salt, E. L. Espil prepared anhydrous cerium 
selenite, as an insoluble, yellow powder, By passing the vapour of selenium dioxide 
over the heated- oxide, or by heating a mixture of the oxides in a sealed tube. 
L.^F* Nilson obtainBi cerous dihydrotetraselenite, Ce2(Se03)3.H2Se03.5H20, as a 
microcr jstalline powder, by treating a mol of the basic salt with 7 mols. of selenious 
acid. S. J olin obtained a similar product, with 4 mols* of water of crystallization, by 
treating the n? oti lal salt with selenious acid. If the basic salt be treated with 1 9 mols. 
of i*leiiioii> iifjth At li uiodemte Iseat, L. F. NSson obtained ceix)us hyto^splphite, 
k oblique, four-sided, jmcroscopic lamiiuo. J. J. Berzelius 
olitained ceric selenite as a lemon-yeUow powder by double decomposition ; and 
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G. A. Bar])icri aiul F. Calzolari, ceric selenite, Ce(Se03)o, by lieating 10 grms. of 
liexaliydrated ceric nitrate, witli 12 grms. of selenious acid, and 200 c,c. of nitric 
acid of sp. gr. 3 40,^ under a reflux condenser for some tours. The orange-yellow 
powder is insoluble in water, })ut slightly soluble in cone, nitric acid. J. J. Berzelius 
iaid that a‘soln. of the yellow salt in selcnions acid dries to a soluble, yellow, sticky 

mass on evaporation. 

E. h. Espil prepared colourless, anhydrous lanthanum selenite, La^(Se03)3, by 
passing the vapour of selenium dioxide over the heated oxide, or by lieatmg the 
mixed oxides in a sealed tube. L. E. Nilson obtained the basic salt — ^lanthanum 
hydroxytetraselenite, 3La203.8Be02.28H20, or La2(Se03)3.La(0H)Se03.13H:20— as 
a white, insoluble, amorphous precipitate, by adding an excess of sodium selenite 
to a soln. of lanthanum sulphate. By using a considerable excess of sodium 
selenite, he obtained very nearly lanthanum selenite, La2(Se03)3.13H20. If the 
basic salt is treated with 40 per cent of its weight of selenious acid at ordinary 
temp., there is formed a white, })owdery lanthanum tetrahydropentaselenite, 
La2(Se03)3.2H2Se03.4H20, consisting of four-sided, oblique tablets. If the normal 
selenite be dissolved in 120 per cent, of its weight of selenious acid, the soln. 
evaporated at a gentle heat, and the residue washed with water, there remains 
lanthanum hydroselenite, La2(Se03)3.3H2Se034H20, or the dihydrate, 
La(H8e03)3.2H20, as an insoluble powder consisting of four-sided prisms. Again, 
if lanthanum hydroxide be dissolved in selenious acid, a heavy, white, crystalline 
powder of the monohydrate, L a (HSe 03)3.1120, is formed. P. T. Cleve obtained 
the same salt by adding alcohol to a mixture of lanthanum chloride and selenious 
acid. It loses three-fifths of its total water at 100°. 

K. L. Espil prepared colourless, anhydrous praseodymium selenite, Pr2(Se03)3, 
by the method used for the cerium salt, and similarly rose-coloured anhydrous 
neodymium selenite, Nd2(Se03)3. L. F. Nilson mixed a soln. of didymiiim sulphate 
with an excess of sodium selenite and obtained an anior])hous white precipitate 
with a slight rose tint. Its composition corresponded with didymium oxyocto- 
selenite, 2Di2(Se03)3.Di20(Se03)2.28H20. P. T. Cleve also obtained this salt with 
21 mols. of water. L. F. Nilson found that when the basic salt was treated with 
selenious acid, it furnished a micro-crystalline powder of didymium dihydrotetra- 
selenite, Di2(Se03)3.H2Se03.8H20, in four-sided prisms. P. T. Cleve obtained 
this salt, with 4 mols. of water of crystallization, by adding selenious acid and then 
alcohol to a soln, of didymium nitrate. L. F. Nilson dissolved the basic salt at a 
gentle heat, with 128*5 per cent, of its weight of selenious acid, and obtained, on 
evaporation, a lilac-coloured powder of didymium hexahydroeimeaseleuite, 
2Di2(Se03)3.3H2Se03.18H20, containing four-sided prisms. C. von Scheele said 
that a basic praesodymium selenite is precipitated by sodium selenite from a soln. 
of praseodymium sulphate ; and the basic salt is converted into praseodymium 
dihydrotetraselenite, Pr2(Se03)3J‘l2Se03.3H20, when warmed with selenious acid. 
R. L. Espil prepared colourless, anhydrous samarium selenite, Sm2(Se03)3, by the 
method used for the cerium salt. P. T. Cleve obtained the basic salt, samarium 
oxyoctoselenite, 2Sm2(Se03)3,Sm20(Se03)2.7H20, as an amorphous precipitate, by 
adding normal sodium selenite to a soln. of samarium sulphate ; if samarium 
acetate be treated with selenious acid, samarium dihydrotetraselenite, 
Sni2{Se03)3.H2Se03.4H20, is formed as a heavy, crystalline powder. G. Benedicks 
obtained gadoMuium ^hydrotetraselenite, Gd2(Se03)3.H2Se03.6H20, as an amor- 
phous precipitate which gradually forms aggregates of small needles. L. F. Nilson 
added an excess of sodium selenite to a soln. of erbium nitrate, acidified with nitric 
acid, and obtained a heavy precipitate of erbium selenite, Er2(Se03)^.5H20. In 
addition to the fentahydrate, L. F. Nilson obtained the enneahydrate by using a soln. 
of the neutral sulphate instead of the acidified, nitrate. If a mol of the neutral salt be 
digested with 3 to 9 mols of selenious acid, at 60°, the soln. evaporated to dryness, 
and Washed with water, there remains a micro-crystalline j^owder of erbium 
dihydrotetraselenite, Er 2 (Bc 03 ) 3 ,H 2 SeO 3 . 3 H 2 O, composed of small prisms. 
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If, M, H ?- J, Cleve ootai:ieJ tils :ra:t Lt tr^e .tction t>i seieiii^^ro 

L' : I I r. -"'iriri nitrate, irlth or T-Itirnt the ad^Erion of ammoma until a 

' rf . '■ .n * ; e forme t. L, E. X;>tn aided t.r. excess of sodinm selenite lo 

* ^ aiuia a "'"'Vnite. nea'inr nrecipitate of yttnuill 

selenite, Y ItH-0. 'it is rearlr ir.^dnhle .n Toater: and it E not aSecteo 

hv :o - 1 1'o.- "i M, Ytoi or hen hit with 4*2-'* 1 per cent, of its weight of the conro 
a*il. " , I -Ltnrts it irno yttriim iiliydrotedi^eleni^ YofSeOj^j.HoSeO^.H^O. 

VI.; 1 r «v. i.:> ,aS .. nitro-mTstahine. inshnhie powder svhen the soln. is evaporated 
to voi w i-hei with water/ The same salt was ohtinced hr treating the 

V with 12f’7d ter tent, of its weizht of sel^nious acidj and a more acid salt 
'*nii n.'^ o "p. T. Cere vetainei the dihrdrotetraseienite from a soln. 

. f fred^ ' / Ir-itedi rttr; :ri hr Iroxide in sYenion^ acid ; and hr precipitating 

a j h: 1 p'^rivn rhrratsi with acid ='>dinrn selenite. 

H, lir.n.ek treated a-titani? ^xcid eorresponEng with ]*2-d4 grins, of Ti 02 < with 
I'P 5 . In. €' v.iainini respemivelr 20-SR grms. and 1045 grms. of selenions acid for a 
few hiir?. The "^neciDitates which formed were bcdled in their mother-Iiqmd ; and 
after stundirn a long time in the cold thev became erjt?talliiie. In the former case 
titanyl selenite^ TithdeOj.H.O, was formed, and in the latter ease the oxrselenite, 
2 TiO 2 .deO 2 .H 2 O, cr titswi dihyiiroxysdeiiites (Ti 0 i. 2 lH 0 ) 2 Se 03 . The drr salts 
appear a.a hne^ whine powders which are solnMe in mineral adds ; and are decom- 
P'O^ed hy alhiii-Iye. They are more soluble in water than the corresponding 
sdenatel Aecorairig to I. J. Berzelius, and L. F. Nilson, if a soln. of zirconium 
* ocydilt-ridc Le treated with sodium selenite, a complex ZiO.i-SlZTO'jSeO^.lS'S^O is 
farmed as a wilt*-, slimy, amorphous mass, not at all soluble in water, and dissolving 
in hydrochiOiie add only with diificidty. It loses 15 mols. of water at 180“. 
0. Kulka made it by the action of zirconium suipbate on a soln. of selenium dioxide 
in nitric acid, M. Weibull said that the air-dried precipitate has the composition 
id zireonyi selenite, (Zr 0 /Se 03 . 2 H 20 . I. F. Xilson reported normal arconitim 
selenite, ZitSeOg/o. is formed b}-' digesting a mol of the basic salt with 13 mols of 
selenions acid at 60^. It furnishes microscopic, obIic[iie, four-sided prisms, which 
at a white-heat yields crystalline zirconia. The monol^jirate, Zr(Se 03 ) 2 .H 20 , is 
formed in inirroHCopic, four-sided prisms with oblique ends, when a mol of the basic 
salt, is treated with 5 mols of selenious acid at 60". It is insoluble in water, and 
dissolved only with the greatest difficulty in boiling hydrochloric acid. An acid 
zirconium selenite eonid not be prepared, 

^ E. L, Espil said that thorium oxide is unchanged when boiled with selenious 
acid, wherea^s cerium oxide forms a selenite. P. T. Cleve reported thonum selenite, 
ThbSeClaY-HiO, to l'^e formed as a white, amorphous, insoluble precipitate when 
thorium chloride is treated with selenious acid, and the washed product dried 
over sulphuric add. In addition to this inondkydrate^ L. F. MIson obtained the 
Th( 8 e^} 3 ) 2 . 8 HgO, by treating a soln. of thorium sulphate with an excess 
of sodium selenite. ^ The Yolumlnous, white precipitate shows signs of 
crystalEzaiion. It is msoluble in water, soluble in hydrochloric acid. These 
acid ^ salts were made by L. F. Hiison : thfud nm hfiit^ h y dTohe|ita< » leintite^ 
SThi^SeOg/i.SHgSeOa.lSHgO, by digesting a mol of the octohydrated selenite with 
a warm aila, of 2 mols of selesious acid at a gentle heat ; thoriuin dei^hyiroeniiea- 
2 ^(SeO^^Y. 5 H 2 Se 03 . 11 H 20 , by evaporating 100 parts of the octohydrated 
selenite with 3542 parts of selenious acid ; and if three tim^ this proportion of 
scleaiom add Is emp%eii, flicmiim hraaJhyitopmt^ Th{Se 03 ) 2 . 3 H.>Se 03 . 
5 H 2 O, is fomed. 

^ J, J, Berzehus • obtained a white powder by treating stannic oxide with selenious 
add, and J, S,^ Muspratt’s analysis corresponds with stennic s^laiit^ SiiCSeOa)^. 
li. X , htimui iibtained it by evaporating a soln. of a iriol of the basic salt in 4 mols 
of seknions add at about 60^. The crystalline residue is insoluble in 
m'ater, but it m soluble in an excess of warm hydrochloric acid. If a neutral 
sniin. of stannic ehloride be treated with sfxiium selenite, the voluminous. 
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wKite precipitate lias a composition corresponding with stannic octohydroxyliexa- 
selenite, 3 Sn(Se 03 ) 2 . 2 Sn 02 . 27 H 20 , or 3 Sn(Sc 03 ) 2 . 2 Sn( 0 H) 4 . 23 H 20 ; it loses 23 
mols. of water at 100°. A soln. of this basic salt in a large excess of selenious 
acid yields on evaporation a viscid mass so that stannic hydroseleniie conld not he 
prepared. 

J. J. Berzelius obtained a basic lead selenite by roasting lead selenide ; and by 
calcining normal lead selenite at a high temp. ; or by treating it with ammomum. 
carbonate. 0. M. Kersten reported normal lead selenite, PbSeOs, to occur as a 
mineral in sulphur-yellow spherical grains or botryoidal masses, with a fibrous 
fracture either alone or mixed with lead and antimony selenide, malachite, etc., 
in the Friedrichsgliick mine, near Hildburghausen, Thtiringexwald. J. D. Dana 
called -the mineral kerstenite — cf. cobalt arsenide. The data do not distinguish 
whether the mineral is a selenite or selenate (q.v,). E. Bertrand also obtained a 
white mineral occurring along with chalcomenite and other selenides at Cacheuta, 
Mendoza, Argentine, which he described as selenite de flomh, and named molyb- 
domenite — from fioXv^So^, lead, and fjbrjvrjj moon. Here again the data axe not 
satisfactory. J. J. Berzelius made the normal selenite, as a w^hite powder, by 
adding selenious acid or an alkali selenite to a soln. of lead chloride or nitrate. An 
excess of ammonium selenite added to a soln. of lead chloride gives a good result ; 
with the nitrate the product is contaminated with nitrate. A. Schafarik obtained 
it as a grey, crystalline mass, by fusing the selenate ; and L. Marino obtained it, 
mixed with a little selenate, by treating lead dioxide with selenious acid. 
E. Bertrand said that molybdomenite occurs in white, transparent or translucent, 
lustrous, thin, fragile scales belonging to the rhombic system. The crystals show 
cleavage in two directions ; and they are optically positive. J. J. Berzelius found 
that the normal selenite melts nearly at the m.p. of lead chloride, forming a yellow 
liquid which, on cooling, solidifies to a white, opaque mass of crystalline fracture ; 
at a bright red-heat, it gives off selenium dioxide, leaving behind a basic salt. It 
is very sparingly soluble in water even in the presence of selenious acid ; it is 
decomposed with difficulty by boiling sulphuric acid. 

According to L. Marino, when lead dioxide is treated with selenious acid, besides 
normal lead selenite there is also formed a sulphur-yellow, crystaUiae powder, 
with the empirical composition Pb 2 Se 207 , and which he regards as a salt of lead 
sesquioxide, Pb 203 . 2 Se 03 . If lead sesquioxide be regarded as lead plumbate, 
Pb[Pb 03 ], triselenitoplumbate would be Pb[Pb(Se 03 ) 3 ], and lead oxydiselenito- 
plumbate, PbfPb 0 ( 8003 ) 2 ]. L. Marino obtained the same product by digesting 
lead sesquioxide with warm, cone, selenious acid, heating the mixture to its boiling 
point, filtering, digesting the solid with cold, 7 per cent, nitric acid, and washing. 
Only a trace of selenate results showing that lead dioxide is not formed as an 
intermediate product. The yellow, crystalline powder is practically insoluble in 
water, dil. nitric acid, and dil. sulphuric acid ; it is soluble in moderately cone, 
hydrochloric acid with the evolution of chlorine ; it is soluble in alkali-lye ; and it 
liberates iodine from acetic acid soln. of potassium iodide. When this salt is 
treated with a soln. of potassium carbonate, it yields a mol. each of lead monoxide 
and dioxide, whilst the addition of dil, nitric acid to a soln. of the salt in 15 per cent, 
soda-lye precipitates lead sesquioxide: Pb 2 Se 207 =Pb 203 + 28602 - When the 
yellow salt is heated to 200 °, it gradually changes into a white isomeiide which 
exhibits reactions different from those obtained with the yellow form. For instance, 
it does not yield lead dioxide when boiled with a soln. of an alkali carbonate. Wlien 
heated with dil. sulphuric acid and potassium permanganate at 40°-50°, the white 
salt takes up one atom of oxygen per moL, while the yeEow salt is stable, but after 
a prolonged heating at 80°, it takes up 2 atoms of oxygen per moL The yellow 
form is completely decomposed into selenium and lead sulphide by hydrogen 
sulphide ; the white form in acetic acid yields a soln. of selenic acid while part of 
the selenium is precipitated as such. Oxalic acid quickly oxidizes the yellow 
form to carbon dioxide, but not so readily as with the white form. It is thence 
VOL. X. 3 H 
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assumed tliat tlie two forms constituted, and liave tlie graphic 

formnlf^ : 


Pb.O.SeO. 
%b.0,Se02 
I'eEow Pb^Se^O- 


Pb.U.SeO 

^"^PkO.SeO.^ 

White 


■O 


Mutliiiiaiin and A. Clever " prepared sodium selenoarsenite, XaoAsSeg.SHoO, 
together with other salts, when arsenic pentaselenide is boiled with a soin. of 
selenium in sodium hydroxide ; on cone, the filtered soln. in vacuo, a mixture of 
white needles and orange-red tetrahedra is obtained. On separating these by 
ievigation, a sanall Quantity of the tetrahedra is obtained. It is unstable on 
exposure to air, beconiing coated with grey seienium ; it is easily soluble in water, 
and the brown soln. when treated with dil. acids gives a brownish-red precipitate 
with the evolution of hydrogen selenite. Accordiiig to L. F. Xiisoii, antimoiiy 
oxyselenite^ Bb^C^ 2Se02.iH20, or (3b0}Sb(Se03)2, or Sb20(Se03).2.|-H20, i.e. 
BeOg : Sb.O.Sb : SeCb- is produced as a white, crysraliine powder consisting of 
well-developed, oblique, four-sided tablets, bj treating precipitated antimony 
trioxide with cone, selenious acid. It loses its water of crystallization at 100^. 
By digesting a mol of this salt with 4 to 10 mols of selenious acid, evaporating the 
soin. at about and washing the residue with water, there remained a white, 
crystalline powder consisting of microscopic prisms and plates of antimoiiy tetra- 
seienite^ BbsOs-dSeO^. I. Fouget prepared potassium orthoselenoaiitimonite, 
EgSbSes, ^ the form of orange crystals, by evaporating a sobi. of antimony selenide 
and potassium selenide in a current of hydrogen ; the salt is very unstable, and 
its soln. rapidly deposits selenium. Similarly with sodium orthoselenoajltimoiiite, 
Xa3SbSe3.9H20, which crystallizes in yellow needles from a soln. of antimony 
selenide and sodium selenide ,* it is even more oxidizable than its potassium analogue, 
and its soln. deposits red, tetrahedric crystals of sodium selenoantimonate, 
Xa3SbSe4-f 9H2O. When a hot, sat. soln. of potassium and antimony selenides is 
cooled, potassium ^lenotetraiitimoiiite, K2Sb4Se7.3H20, separates as a gelatinous, 
brown precipitate ; and similarly with sodium selenotekantimonite, Xa2Sb4Se7. 
L. F. Xiison found that when basic bismuth carbonate is boiled with selenious acid, 
bismutli selenite, Bi2(S€03)2, is formed in small, microscopic needles. If bismuth 
hydroxide be treated with an excess of cone, selenious acid, bismutli dihydrotetra- 
S^enite, Bi2H2(Se03)4, is formed in prismatic crystals, generally united in leaf-IiJre 
aggregates. Xo higher acid salt could be obtained. 

W. Prandtl and F. LustigS foxmd that when vanadium pentoxide is boiled 
with selenious acid in aq. soln., on cooling, selenitovanadic acid, 3Y2O3.4SeO2.4H2O, 
separates as a yellowish-red, crystalline, doubly refracting powder which consists of 
smal golden leaflets of the hexaliydraie^ (3Y205.4Se02.4H20).6H20, if it is deposited 
feom a soln. containing an excess of selenious acid or if evaporated with hydro- 
chloric acid ; the delakydraie^ (3Y2O5,4SeO2.4H2O).10H2O, if prepared from equal 
weights of vanadium pentoxide and selenium dioxide ; and the dikydrede, 
{3Y205.4Se02.4H20)2H20, if obtained from aq. soln. of an alkali selenite acidified 
with dil. fiuipliiiric acid. The water of crystallization is lost at 100°. Two series 
of were obtained : (i) The red salts are produced by boiling 

eqimi weights of vanadium pentoxide and selenium dioxide in water, adding enough 
alkali hydroxide to form a clear, slightly alkaline soln., and acidifying with acetic 
acid, (ii) The yellow salts are formed in a similar manner but employing one 
part by weight of vanadium pentoxide and ten parts of selenium dioxide, 
(iii) Omnge-coloured salts were obtained by the action of an excess of selenious 
axnd on the alkali vanadates at a high temp., and subsequent evaporation. The 
ratio EgO * ^2^5 in these salts Is generally simple. The selenium dioxide nmM 
mdir JeM gdm^en. so that when boiled with water, the alkali salts are resolved 
into trivanadate and alkali selenite. Hence these products are to be regarded as 
compounds of the vanadates with variable quantities of selenious acid. W. Frandti 
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aud H. Humbert regarded (.be .sclciuiovaauda.t.es a« derivativos of liexavanadie 
aoid, and they can be formulated in tonus of (.be co-ordination tbeory. Tbe uiol. of 
liesavanadate can uiiitci wil.h uj» to 12 niols. of seleniouw acid. Tbe compound 

SfoOs-dSeOa-dHaO is rcprc.sontml a.s tetraselenitohexavanadic acid, H.4V60i7. 
fHoSeOs, and it forms a Mmlij/dnUe. and an octti/iijdrittc. Tbe, sc, compounds lose 
respectively 2 , 0 , and 10 mois. of water at 100 ", forniing .‘iVbOs.'lHr.jHcO,.;. 

The foliowing sal(,.s were obtaiiusl b}'' W. brandtl and co-workers : potassium 
selenitometavanadate, KoO.V-j05.2We(K, <>r KVftj.KeO., 


as a yellow crystalline powder; ammonium selenitometavanadate, (NH 4 )„ 0 .\b 05 . 
2 Se 02 , ill small, yellow, doubly rcfract.ing needles with parallel extinction and” tbe 
game salt as a Irilahiidrate. W. Frandt.l and co-workers found that tetraselenito- 
hexavanadic acid forms salts when a sidn. of alkali vanadate is treated with an excess 
of a 20 to 25 per c.enb. soln. of sebmious acid. In this way are. obtained, orange 
prisms of sodium decahydrotetraselenitohexavanadate, Nai,HaVG 0 r 7 . 4 H. 2 Se 03 ; a 
bulky precijiitato of the, /xwiJii/dnitc.; and <birk red prisms of sodium hexahydiotetra- 
gelenitohexavanadate, Na;.H2V2()|7.4He,()o.2TLO ; a bulky orange jirecipitate, of 
potassi um hydrotetraselenitohexavanadate, K^IlVcOiy.'l'SeOo, or of ■potassium 
iihydrotetraselmilo/ic.riiriiwidii/e, KoFlaV'flOn.'lHeO^ ; or of ■jMUmmn pmia/ii/dro- 
tdraseUnitoh(‘xav(vn<td.at(', KjjH V(j()i 7 .'lMe<)o. 21 LO ; or of 'potassium Jiexahijdrotetm- 
sdenitoJiexavamidale, .K.on.j,V', 5 <)| 7 .'iS<d) 2 . 2 lL() ; or of potassium decahydrotetra- 
selenitokexavanMlate, Kyi IaV’(i<)| 7 . 4 J 1 . 2 Se<). 5 . Tlu'y also obtained a yellow bulky 
precipitate of ammonium trihydrotetraselenitohexavanadate, (NHj) 3 HVe 047 . 
ISeOy.HyO; au orange [ireeipitatc of ammonium dibydrotetraselenitohexa- 
vanadate, (Nrii).)lJ.,V(,()|7.'liS(!0., ; lithium decahydropentaselenitododecavana- 
date, 2Li4V80,7.5HyHe0;,.24H2<), or 2 { 2 rdy().,‘lVy 05 }.r)Se 02 . 29 H 20 . is a red 
salt very soluble in water and ii, loses 221 ly() in vacuo over sulphuric acid, and 
26 H 2 O at 100° ; sodium decahydropentaselenitododecavanadate, 2Na4V60i7. 
5H2SeO3.20HyO, or 2{2Nay().3Vy()5}.r)rto()«.25Il30 ; potassium decahydiopenta- 
selenitododecavanadate, 2 [v 4 VoOi 7 .r)HaSe() 3 . 8 H 20 , or 2 { 2 K 20 . 3 V 205 }. 5 Se 02 . 
ISHyO, forms spherical aggregates of red crystals, or, when air-dried, it gives a red 
powder consiisting of douftly ridracting needles ; potassium icosihydrodecaseleniio- 
hexavanadate, K,V„O,7.l0ll2K<d)3.8ll2O, or else 2 { 2 K 20 . 3 V 205 }. 21 Se 02 . 37 H 20 , is 
an orange-yellow prc(ui)itate ; ammonium pentahydrododecaselenitohexava- 
nadate, (NIl4)3UV8b,7.12He{)2.21l20 ; ammoniuhi enneahydrododecaselenito- 
hexavanadate, (N'H,) 3 llV(,b, 7 J 2 He 02 .'l-Il 20 ; and potassium enneahydrododeca- 
selenitohexavanadate, K.jllVcO, 7 - 12 ye 02 . 4 HsiO, or 2 { 2 K 20 . 3 V 203 }. 24 Se 02 . 8 H 20 , 
or2K20.3V203.12Sii()2.4li20, is also orange-yellow; ammonium decahydropenta- 
selenitododecavanadate, ^(NIl^biVdOjv-bllyiScOs.SHyO, or 2 { 2 (NH 4 ) 20 . 3 V 205 }. 
5Se02.13H20, crystallizes in large, glistening, dark red, almost opaque, doubly 
refracting cubes, whicli are. slightly soluble in water, and are decomposed 
by boiling water; ammonium silver decahydropentaselenitododecavanadate, 
( 21 TH 4 Ag.NH 303 ) 4 V 80 i 7 . 5 I,t 2 He 0 j„ or with 8, 12, or I 8 H 2 O, or 2 { 2 (NH 4 ,Ag) 30 . 3 V 295 }. 
5 Se 02 , ■'''ith, 121120 , 161 lyO, or 221120 , is obtaiziod in long, flat, rectangular, glistening, 
black crystals, by the ""interaction of silver nitrate and an excess of the red 
ammonium salt, potassium hemicosihydrodecaselenitohexavanadate, K3HV8OJ7. 
lOHaSeOg.UHaO, or SJKyO.bVaOB.lflSeOy.iOHaO, as an orange powder; potas- 
sium heptadecahydroctwelenitohexavanadate, K3HV6O17.8H2BeO3.4H2O, or 
5{K20.2V20c}.26He02.431J20, as an orange-yellow crystalline precipitate ; sodium 
decaselenitotetradecavana^te, 2 Na 20 . 7 V 206 - 10 Se 02 . 13 H 20 , as an orange- 
yellow floceulent preen pitate ; sodium dodeoahydropentaselenitohexavanadate, 
N'a2H2V80i7.5H2Be03, with J2 atid 32 H 2 O, or 2Na20.7y206.12Se02, with 45 H 2 O 
and OSHyO, as orange-coloured separation. A. Rosenheim and L. Krause showed 
that in pTo.pimnQielfuscloniiova'nadic acid as the cone, of selenious in the inothc’’- 
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Ii{|iior increased from zero to 5 A'’“H 2 SeO . the ratio >e 0 .j : in tl:e solid 

ptase incieased from 4 : 3 to 3 * 5 : 3 : and liketrlse al-u with tiie ammoniiun 
dodecaselenitovanadate. It is tiieref'"*re Cuneluded riiat tKe variarde eompositiou 
of the selenitovanadie compounds i:? due to tlte form-itiun of adsorption com- 
pounds. 

L. F. Xilson ^ added iioriiial selenite to an aq. soln. of cliroiiie alum ami 

obtained a ltcciIj amcirphous, TuIuininoiLS precipitate of 4 Cr 20 >, 9 Se 02 .d 4 H 20 , fo . 
dirominiii ttosyemiea^eiiite, Cr 202 . 3 Cr 2 fSe 0 y' 3 . 64 E[ 20 , wliicli lost 40 mols. of 
water at 100 '. B. Boutzonreano heated the normal selenite wirli water in a sealed 
tube but obtained no basic salt ; the product was a mixture of oxide and selenite. 
J. S. Muspiatt added a soln. of potassium or ammonium selenite to a boiling soln. 
of chromic chloride, and obtained a green, amorphous powder of normal diromimn 
Selenitej Crs^SeOj)^, soluble in selenious acid, and the soln., on eTaporation, furnished 
a sticky mass. C. Taquet also obser\"ed that the product is very sparingly soluble 
in water, but soluble in hot. cone, hydrochloric acid. It is decomposed at a red- 
heat into chromic oxide and selenium dioxide. L. F. Nilson said that if a mo! of 
the normal selenite is treated with 3 mols of selenious acid, at ordinary temp., it 
forms microscopic crystals of the pentadecahjdrate, €¥2(8603)3.151120 ; ami 
B. Boutzonreano obtained rhombic crystals of the irihtjdrate, €¥2(8603)3.31120, by 
heating the normal salt with selenious acid. C. Taquet said that if the normal 
selenite be treated nitric acid, dark green plates of the eltromium dueleniie are 
formed — sparingly soluble in water, easily soluble in acids, and decomposed by heat 
into selenium dioxide and the normal selenite ; but B. Boutzonreano could not 
obtain the diselenite. L. F. Nilson reported clirominm dihydrotetraselemte, 
€¥ 203 . 4 Se 02 . 13 H 20 , or Cr2(Se03;2.H2Se03.12H20, to be formed as a green, crystal- 
line powder by treating a mol of the normal selenite with 15 mols of selenious acid. 
The mixture was evaporated to dryness at 60', and lixiviated with water. If 
64 mols of selenious acid be employed, chromium tetrahydropentaseleiiite, 
Cr2O3.5SeO2.9H2O, or Cr2(Se03)3.2H2Seb3.7H20, is formed. 

E. Pechard^Q found that if harium selenitomolybdate is decomposed with 
sulphuric acid, a yellow soln. of ^eaitomolyMic acid is formed. It can be 
evaporated to a syrup, hut it does hot crystallize. A warm soln. of 4 parts of 
ordinary ammonium molybdate and one of selenious acid, tthen cooled, furnishes 
aggregates of needles of ammomum trisdenitodecamolyb&te, 4(XH4)2O.103roO2. 
38e02.4H20. When heated, it gives off water, ammonia, and selenium dioxide. 
It is more soluble in hot than in cold water : and it is insoluble in alcohol. Hydro- 
chloric acid precipitates an acid salt as a gelatinous precipitate which dissolves 
with decomposition in an excess of the acid. A soln. of 8 parts of ammonium 
molybdate to one of selenious acid furnishes ammomum diselenitodecamolyMate, 
4 (NH 4 ) 20 ,I 0 Mo 03 . 2 Se 02 . 6 H 20 - E. Pechard also prepared potassium triselenito- 
decamolybdate, 4 K 2 O.lOMoO 3 . 3 SeQ 2 . 5 H 2 O, in colourless hexagonal plates ; and 

pdassi^ ammonium trisdenitodecamolybdate, 4(XH4,K)20.10Mo03.3Se02.5H20, 
by adding a soln, of potassium chloride to the ammonium salt, or from a mixed 
soln. of the component salts. Mixed soln, of acid sodium molybdate and selenious 
acid furnish efflorescent crystals of sodium trisdemtodecamolyMate» 4Xa20. 
10Mo03.3Se02,15H20. The crystals effloresce in air; they are freely soluble in 
water, and insoluble in alcohol. If a hot soln. of one of the preceding salts be 
treated with barium chloride, needles of barium triseloiiitode<^molybdate» 
4 BaO, 10 Mo 03 .S 3 e 02 . 3 H 20 , separate out on cooling; mercurous triselenitodeca- 
nadybiiite is a yeHovr, amorphous powder ; lead tri^I^tc^ecamolybdate is white, 
and insoluble even in hot water ; and diver triselenitodei^molybdate is a yellow, 
amorphous powder. 0. W. Gibbs reported foimmum kexaselenitohepiadeca- 
5K20.17Mo03.6Se02, to be formed as coiourle^ crystals when potas- 
siiiiii phosphomolybdate is treated with potassium selenite. The salt is easily 
soluble in hot water. 

Affording to W. Pmndtl and W. von Bloch in, ammonium disdemtopenta- 
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moljFbdate, 2(NH.j)20.2Se02.5Mo03.3H20, is formed in small rliombic prisms wlieii 
cone, ammoniacal molybdate soln. and ammonium selenite are acidified, and 
rapidly crystallized. It is readily soluble in water. While lithium diseleiiitopeiita- 
molybdate, and sodium diselenitopentamolyMate are too soluble to be isolated 
potassium diseleuitopentamolybdate, 2K20.2Se02.5Mo03.iiH20, furnishes mono- 
clinic crystals of the dikydrale and monoclinic crystals of the ^entahydrate. 
H. Obpacher obtained iHomor])lious mixtures of this salt with the corresponding 
phosphatomolybdate. According to W. Prandtl and W. von Blochin, rubidium 
diselenitopentamolyfodate, 2Rb20.2Se02.5Mo03.?jIIoO, appears in monoclinic 
crystals of the dihydrafe with two forms, one with the axial ratios 
: I : M84(), and iT, and the other with, a :h:c 

=0*4006 I 1 : 0*9061, and ^ *114“ 28^ — a pentahydrate was also prepared; barium 
diselenitopentamolybdate, 2Ba().2Se()2.5Mo03.nH20, was obtained in rhombic bi- 
pyramids of the hepUihydmte wiili the axial ratios a:b: c=0-8282 : 1 : 1*2039, as well 
as crystals of the decahydr<‘itc. Water slowly converts ammonium diselenitopeiita- 
molybdate into ammonium diselenitoctomolybdate, 3{NH4)20.2Se02-8Mo03.^^H20, 
the action is rapid at a high temp. A pentahydrate as well as a hexahydrate has been 
prepared. Tlie potiussiiini salt has not been prepared, but barium chloride pre- 
cipitates barium diselenitoctomolybdate, 3BaO.2SeO2.8H2O. Soln. of ammonium 
molybdate and a selenite are jnccipitatcd hot by cone, nitric acid, and they furnish 
yellow uncrystallizablc precipitates, ammonium diselenitododecamolybdate, with 
the ratios ‘ (NH4)2() : SeO^ : MoO;, : H20-=2*5 : 2 : 12 : 12 ; 2| : 2 : 12 : 20 ; and 

2:2:12:8; and likewise potassium diselenitododecamolybdate, 2K20.2Se02. 
12Mo03.12H2^- adding nitric acid gradually to the boiling soln., ammonium 
bexaseienitohexamolybdat©, 2(NH4)20.(>Se02.6Mo03.9H20, as well as products 
with the ratios ( ^114)26 : Be02 : M0O3 : H20==2 : 7 : 6 : 8 ; 2 : 2 : 5 : 3 ; and 

2 : 2 : 12 : 13 have been prepared. 

A. Rosenheim and L. Krause added that the composition of the seienito- 
molybdatcs depends on the ratio of molybdate to selenious acid in the soln. from 
which they were pr(^cipitated. When less than one mol of selenium dioxide was 
present to one mol of molybdate, the potassium and barium salts corresponded with 
2R20.2Se02.r)Mo03 xlL(),atuIthoammoniumsaltwith3(NH4)20.2Se02-8Mo03.6H20. 
With more tham one mol of selenium dioxide per mol of molybdate in soln,, salts 
were obtained in which the ])ro])ortion of base was variable, but the ratio Se02 : M0O3 
was always very nearly 1:1, and by adding 15 mols of selenium dioxide to a sat. 
soln. of ammonium fiaramolybdate, ammonium selenitomolybdate, 2(NH4)20. 
5SeO2.5MoO3.BH2O, was obtained in white microscopic prisms ; likewise potassium 
setenitomolybdate, K20.2Se02.2Mo03,3|H20, in microscopic prisms; and barium 
selenitomolybdate, HaO,2Se02.2Mo03.7H20, as a white crystalline precipitate. 
0. W. Gibbs obtained ammonium selemto-timgstate, as a crystalline precipitate, 


from a mixed soln. of ammonium phosphotungstate and selenious acid. 

J. J. Berzelius obtained a lemon-coloured powder by adding a plenite to a 
soln. of a uranyl salt ; B. Boutzoureano used uxanyl sulphate and sodium selenite, 
and L. F. Nikon an excess of sodium selenite and uranyl acetate. M. Lobanofi 
prepared normal uranium Belenite, U(Se03)2, by adding selenious acid to an acidic 
soln. of uranic sulphate. A basic salt was also obtained. According to B. Bout- 
zoureauo, when the product is heated with water in a sealed tube at a mass 
of radiating jirisms of uranyl selenite, {XTQ2)Se03, is formed. The salt is insoluble 
in water, and soluble in acids ; it leaves behind the oxide, U^Og, when calomed. 
The preci]htato itself appears to be the dihydrate, (U02)Se0g.2H20, which loses 
its water of crystallization at IOC)®. According to J. J. Berzelius, if the normal 
selenite bedissolved in selenious aci<l, audevaporated, it furnishesatranspaxent sticky 
moss whicli, when further dried, forms a soluble, o])aque white, crys^lline powder 
whivli J. Musprai4 represented by the formula lJ203.3Se02. ^ ^ 
however, obtained a voluminouK, yellow precipitate of 

2UO3.3ScO2.7H2O, or 2(U02)Se03.H2Se03.6H20, or SeO(O.U02.0.SfeO.OH)2.6H20, 
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ijy er^rii*. acid to a 50I11. 01 uranyl salpliate and poiirln^r par 

a soln. of sodium caroonate. The precipitate soon passes into 
a caiiaTT-Tellow powder eonsisrins of minute, monoclinic crystals. TEe salt ]ose=: 
water at 'iGO", alid it is insoluble in water and soluble in acids. L. F. Xilson 
r-uorreti tbat uranyl tetraEydropentaselenite, 3UO3.5SeO2.TH2O. or Sf^UOsiSeOg. 
^H^SeO^.oH.jO, i- deposited as a yellow, crystailine powder consisting of rbombie 
tablets witb acute Nuntniit^, often truncated, when uranyl selenite is digested at 
d5*66 per cem. of its weight of selenium dioxide and water. The salt 
3- iiisclubie in water. If 32 per cent, of selenium dioxide used the Jteptaljjdrate 
is formed In place of the pc/ f^diadrate ; similarly also Yvdtli 77 per cent, of selenium 
di''»xide : and. accrtrdlnLdtp L. F. Xilson added that this seems to he the most 
acid selenite that can I.e fermed by the action of selenious acid on uranyl selenite. 
On t^ie other lianrl. K. dendtner reported urauyl hydroselenite, U02(HSe03)2, to 
lie formed by the action cu selenious acid on hydrated uranyl oxide, or more easily 
]»y boiling cone. soln. of uranyl chloride and selenious acid. The lemon-yellow 
powder. Consisting of niicro-copic crystals, is quite insoluble in water and in an 
of sehnious acid. B. Sendtner obtained yellow ammominn nranyl selenitOs 
f concentrating a soln. of ammonium uranate in warm selenious 

«icidt over sulphuric acid: yellow potassium uranyl selenite, K2U02(Se03i2, was 
obtained in a similar way. Both salts are insoluble. 

J. J. Berzelius^- obtained manganese selenite, MnSe03.2H20. by adding alkali 
to a manganese salt ; J. S. 3Iuspratt, by treating manganese carbonate 
Y ith selenious acid ; and L. F. Hilson, by the action of potassium hydroselenite 
on a cold soln. of manganese sulphate. The amorphous, colourless precipitate, 
ill contact with its mother- liquor at ordinary temp., gradually forms the crystalline 
dihpdraie, and rapidly when heated. The crystals are probably monoclinic. 
J. J. Berzelius said that the salt readily fuses when heated, and decomposes only in 
the presence of air, when the manganese is oxidized, and selenium dioxide ex- 
pelled. The fused salt rapidly attacks glass ; it L insoluble in water. J. S. Muspratt 
added that it forms a colourless soln. with cold hydrochloric acid, and a pink soln. 
with the hot acid. L. F. Niison observed that if normal potassium selenite be 
employed as precipitant with a neutral soln. of manganese sulphate, the voluminous, 
white precipitate, in contact with its mother-liquor gradually forms microscopic, 
four-sided tablets of the moiiohjdraie, having a slight yellowish-red tinge. Accord- 
ing to J. J. Berzelius, he obtained a crystalline acid salt from a soln. of the normal 
salt in selenious acid. According to B. Eoutzouxeano, if the garnet-red soln. of 
manganese carbonate in very cone, selenious acid at 8® be allowed to evaporate 
spontaneously at a low temp, in vacuo, amber-yeUow crystals of manganese fiydro- 
selenite, Mn{HSe03)2.4H20, are formed. The crystals darken on exposure to air, 
and at 16® they lose water and crumble to a white powder. When treated with 
hot water, the normal selenite is formed. L. F. Hilson reported that if the normal 
selenite be heated with 55*5 per cent, of its weight of selenious dioxide, and some 
water, there is produced a rose-red precipitate of anhydrous manganese P3TO- 
selenite, MnSe205, consisting of microscopic, oblique, four-sided tablets. The same 
salt is formed when the neutral selenite is dissolved in 165-5 per cent, of its weight 
of selenium dioxide and water, and the liquid evaporated. Ko tetraselenite was 
formed. B. Boutzoureano obtained the Jtemihjdrate, 2Mn.Se205,H20, or 
HSeO^.Mn.O.SeO — 0 — SeO.O.Mn.HSeOs, by heating a soln. of manganese carbonate 
in very cone, selenious acid en tube scdle at 200®. The powder, consisting of 
monoclinic prisms, is not changed by water ; and it is freely soluble in dii. 
acids. 

According to P. Laugier, powdered native manganese dioxide is not readily 
attacked by a sat. soln. of selenious acid even in sealed tubes, but precipitated 
hydrated manganese dioxide is readily dissolved with development of heat. The 
soln. is brown, and seems to contain a selenite of manganese dioxide, but, like the 
soln. of the dioxide in hydrochloric acid, it readily decomposes, manganese selenate 
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reniaming in soln., wMist an orange compound is precipitated. No oxygen is 
evolved. The precipitate contains manganese sesqnioxide and selenium dioxide, 
but usually retains unaltered manganese dioxide. If a mol o£ hydrated manganese 
dioxide he heated with 6 mols of seleninm dioxide and water in a sealed tube at 
140° for 8-12 hrs., P. Laugier found that manganic diselenite, Mn^SeOgls, is pro- 
duced. According to L. Marino and Y. Squintani, manganic selenite obtained as 
just indicated is an orange-yeUow, crystaUine powder which liberates chlorine from 
dh. or cone, hydxochloric acid, and iodine from potassium iodide sola, containing 
acetic acid. With alkali hydroxides or carbonates, manganese dioxide is set free, 
whilst with os'alic soln., carbon dioxide is liberated quantitatively. It oxidizes 
mercurous to mercuric salts, cuprous salts to the cupric state, potassium ferro- 
cyanide to ferricyanide, and arsenious to arsenic acid. In presence of a slight 
excess of alkali hydroxide, it decomposes quantitatively : ]VInSe206=Mn02+2Se02. 
When heated, the selenite decomposes in the following manner : MnSe^Os 
=Se02+MnSe04. At a high temp, and in vacuo, however, the decomposition 
proceeds according to the equation : 5MnSe206^8Se02+2MnSe04-hMn3044-02. 
Actually, P. Laugier said that mangamc tetraselenite, Mn2Se40ii, or Mn 203 . 4 Se 02 , 
is produced by the method first indicated, but L. Marino and Y. Squintani observed 
that mangamc selenite is formed and furnishes by decomposition the product 
observed by P. Lauder. P. Laugier described the tetraselenite as an orange- 
yellow powder which is insoluble in water, and is not attacked by cone, sulphuric 
or nitric acid in the cold. If these acids are diluted with three or four times their 
bulk of water, they have no action on the compound even when boiled. The tetra- 
selenite is dissolved by selenious acid with subsequent precipitation of selenium ; it 
is attacked by cold hydrochloric acid with evolution of chlorine ; and it is dissolved 
by aikah-lye with the formation of a selenite and manganese sesqnioxide. It 
does not lose water at 200°, but at 600° selenium dioxide is volatilized and a rose^ 
coloured residue of manganous seienate is left. If this tetraselenite be heated 
with water in a sealed tube at 140° for about 4 hrs., small, green prisms of 
manganic oxydiselenite, Mn2Se207, Mn 20 (Se 03 ) 2 , or Mn 203 . 2 Se 02 , are produced. 
The diselenite does not lose selenium dioxide at 600°, but otherwise it behaves like 
the tetraselenite. It is also formed by heating a cone. soln. of 2 mois of selenious 
acid with a mol of hydrated manganese dioxide. B. Boutzoureano also obtained 
this compound in black crystals by heating a mixture of freshly precipitated, 
hydrated manganic oxide and an excess of a dil. soln. of selenious acid in a sealed 
tube at 200°-220°. P. Laugier found that if the diselenite he left in contact with 
selenious acid for about a month, well-developed crystals of manganic tdselenite, 
Mn2O3.3Seb2.5H2O, or Mn2(Se03)3.5H20, are formed. These crystals lose water 
at 200°, and selenium dioxide at 600°. 

According to J. J. Berzelius, iron is scarcely attacked by selenious acid, but it 
becomes covered with a copper-red film of selenium. If a soln. of a ferrous salt be 
treated with a soluble selenite, a white precipitate, presumably ferrous Syenite 
EeSe03.»iH20, is formed. When exposed to air, it becomes grey, and then yellow. 
The fresh precipitate dissolved in hydrochloric acid, forming a soln. which contains 
some ferric oxide and selenious acid, whilst some selenium is precipitated. Ferrous 
selenite dissolves in selenious acid, and soon deposits a sparingly soluble acid salt. 
When the aq. sola, is heated, it gives a brown precipitate containing ferric selenite 
and selenium. L. F, Nilson did not investigate the ferrous selenites because of the 
difficulties attending their rapid oxidation. 

J. J. Berzelius found that ferric selenite* Fe.2O3.3SeO2.nH2O, or Fe2(Se03)3.nH20, 
is produced by adding an excess of a soluble selenite to a soln. of a ferric salt ; 
J. S. Muspratt added ammonium selenite, and L. F. Nilson, sodium selenite, to a 
soln. of ferric chloride. The white precipitate becomes dirty-yellow when dried. 
J. S. Muspratt said that the salt is the tetr^iydmte, Fe2(Se03)3.4H20 ; L. F. Nilson, 
the mneahydraie, who added that it loses 7 mols. of water at 100"^ ; and B. Bout- 
zouieano, the decahijdrate, who added that it loses 18-579 per cent, of water at liK}° ; 
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23’t>6, at llO' ; 25*695 26*5ic, at 1^;^*“. Oix xne^e ^runaa^'. B. Bunt- 

zoureano re'orp^ented the formiili 2 rii.Ls. t*i c.jiistitatioiiai "water : 

L, F. XiBon also obtained the ] ^ fJjiL'^^drate ty acting on tne basic sa*t with enougli 
selenions acid to make the normal salt. B. Boatzonreano prepared the triJrjdraip 
in apple-sreeiij tetrahedral crvstals, by heating eanal parts of the decahydrate and 
selenions acid, and 4 to 5 parts of water in a seated tube not above 295' : he also 
obtained greenisli-yellow, nionoclinic prisms of the i/ionoJindrate, 


HSeO^^^ -c, 
HSeUn/ 


by heating the neutral selenite wdth 2 parts of selenium dioxide and 6 parts of water 
in a sealed tube at 215h J. J. Berzelius reported a basic salt, ferric trioxFiriselemte* 
2Fei20,>3Se0^.nH20, or Fe.203.Fe2(Se03)s.riH205 to be formed by digesting the 
normal or the acid salt in aq. ammonia. It is insoluble in water ; L. F. Xilsoii 
obtained ferric oxyoctoseiemte, 3Fe203FSe02.2SH20, or 2Fe2(Se03)3FeO(8eOo)2. 
28H2O, as a voIuGiiiious pale-yellow' precipitate, by adding selenions acid or an alkali 
selenite to a s^In. of ferric chloride, and he said that it loses 22 mols. of water at 
look B. Boiitzonreano obtained ferric oxydiselenite, Fe20(Se03)2, in rod-like 
crystals by heating the neutral salt with water in a sealed tube at 230^-250°, for 
10 hrs. It is insoluble in water : soluble in acids ; and decomposed when heated 
lor a long time wi^h a cone. sole, of sodium carbonate. He also prepared ferric 
hydroiiselenite, Fe203.4:Se02.H20, or Fe(Se03)(IISe03), by heating one part of 
the normal selenite, 4 to 6 parts of selenium dioxide, and 12 parts of water in a sealed 
tube at 250’h The pale-yeUow, hexagonal prisms belong to the rhombic system ; 
they are insoluble in water ; soluble in acids : and do not lose weight at 100°. 
L. F. Xilson made the hemiheptahydrate, Fe(Se03)(HSe03).3|H20, in greenish- 
white, very sparingly soluble crystals, by evaporating a soln. of the basic salt with 
59-3 per cent, of its weight of selenium dioxide and water, at a gentle heat ; if 
16*6 per cent, of selenium dioxide be employed, the li€mienne€ikydrai€^ 
Fe(Se03)(HSe03). 41112^^5 formed. L. F. Flilson added that he could not make 

any ferric selenite more acid than these salts. On the other hand, J. J. Berzelius 
obtained what may be regarded as ferric bydroselenite, Fe(HSe03)3.?2H20, by 
dissolving iron in an excess of a mixture of boiling selenious and nitric acids. As 
the soln, cools it deposits this salt in pistachio-green laminee, which give off their 
water and turn black when heated, and then give off all their seleniuni dioxide. 
The salt is insoluble in water but soluble in hydrochloric acid. B. Boutxoureano 
heated in a sealed tube at 100° a mixture of one part of normal selenite, 8 to 10 
parts of selenium dioxide, and 10 parts of water ; when all was dissolved, the 
temp, was xawd to 130°~-135°, and pale-yeBow, monoclinic crystals of ferric 
Fe2O3.6SeO2.2H2O, or (HSe03)2=Fe— O.SeO.O.SeO.O 
-~Fe==(HSe03)2, were formed, 

B. L. Espi obtained anhydrous cotalt i^enite, CoSeOs, ^ violet xirisms, 
by |»®ing the vapour of selenium dioxide over heated cobalt oxide, or by heating 
a mature of the two oxid^ in a sealed tube. J. J. Berzelius, and L. F. NiJson 
obtained the dftyd/ale, CoSe03.2H20, as a biuish-red amorphous precipitate on 
^ding S'Odium selenite to a soln. of cobalt chloride ; when heated in the mother- 
iquOT, the precipitate forms a reddish-violet crystalline powder consisting of 
pmiMtic crystals. The dihydrate is insoluble in water, but freely soluble in 
rfeniois acid. B. Boutzouieano heated a mixture of cobalt carbonate, seleiiious 
acid, and water in a sealed tube at ^)0°, and obtained monoclinic pris'tns of the^«^a" 
SCoiSeOgiLO, which he represented HO.Co.O.SeO.OXb.O.SeO.O.Oo.HSeOg. 
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Tlie salt is insoluble in water; soluble in acids; and does not lose water at 
100 ^ J. J* Berzelius said that when the soln. of the normal selenite in selenious 
acid is evaporated, it furnishes a purple-red, gum-like mass. B. Boutzoureano 
evaporated in air a soln. of cohalt^ carbonate m selenious acid and obtained tr^ 
beaux cristaux of cobalt hydroselenite, Co(HSe03)2.2H20. The garnet-red, mono- 
clinic crystals are soluble in water with partial decomposition, forming a violet 
powder. The water of crystallization is lost at 100 °. If a soln. of cobalt carbonate 
in an excess of selenious acid be heated in a sealed tube at 225 °- 250 °, a violet 
powder consisting of monoclinic crystals of cobalt pyroselenite, CoSe205, is pro- 
duced. It is insoluble in water, but soluble in dil. acids. L. F, Nilson made it, 
as a red, glossy mass, by allowing a soln. of the normal selenite in warm cone, 
selenious acid to evaporate over sulphuric acid ; if the cone. soln. be allowed to 
slowly evaporate at 60 ° it furnishes what were regarded as rhombic prisms and 
tablets of the p3T:oselemte. If a mol of the normal salt and 3 mols of selenious 
acid be allowed to evaporate slowly at 60 °, reddish-violet, microscopic, four-sided 
tablets of cobalt triselenite, €086307. H2O, are formed although complete soln. never 
occurred. E. Bertrand described minute, rose-red, monoclinic prisms of a mineral 
which he called cobaltomenite — ^from the moon — ^which he obtained along 

with molybdomenite from Cacheuta, Mendoza, Argentine. The crystals are 
optically negative, and were said to contain some cobalt selenite. F. L. Hahn 
prepared some complex cobaltoselenites ; and H. L. Eiley obtained cobaltic 
pentamminoselenitochloride, [Co(Se03)(NH3)5]Cl, in brownish-red crystals which in 
aq. soln. dissociate as a binary electrolyte to the extent of 97 per cent. He also 
obtained cobaltic selenitopentamminoselemte, [Co(Se03)(NH3)5]Se03.3H20, but 
it was too deliquescent to purify satisfactorily. 

K. L. Espil obtained anhydrous nickel selenite, NiSeOs, in yellow crystals by 
passing the vapour of selenium dioxide over heated nickel oxide, or by heating a 
mixture of the two oxides in a sealed tube. J. J. Berzelius, and J. S. Muspratt 
obtained the liemihydrate, NiSe03.-|H20, by treating a soln. of nickel sulphate 
with potassium selenite; H. Fonzes-Diacon, by oxidizing nickel selenide with 
nitric acid ; and B. Boutzoureano, by heating in a sealed tube at 200 ° either the 
precipitated selenite or the product of the action of selenious acid on nickel carbonate 
along with a very dil. selenious acid. The precipitated selenite furnishes an apple- 
green powder. The hemihydrale, obtained by the sealed tube process, forms stellar 
groups of green prismatic crystals. B. Boutzoureano represented it by the formula 
II8e03.Ni.0.Ni.HSe03. L. F. Nilson said that the dihydraie is formed in sisldn- 
green, microscopic aggregates of crystals, from a soln. of nickel carbonate in selenious 
acid at ordinary temp. As observed by J. J. Berzelius, L. F. Nilson found that 
the evaporation, at ordinary temp., of a soln. of the normal salt in selenious acid 
furnishes a green, gum-like mass ; but if an excess of the normal salt is used, and 
the soln. slowly evaporated, emerald-green, microscopic, four-sided, quadratic 
prisms of nickel hydroselenite, Ni(HSe03)2.2H20, are formed. The salt is slowly 
soluble in water ; it is permanent in air ; and at 100°, loses its water of crystallization . 
If a soln. of the normal salt in an excess of selenious acid be slowly evaporated, 
oblique, four-sided tablets of nickel tetrasdenite, NiSe409.H20, are formed. They 
dissolve with difficulty in cold water ; more readily in hot water. The salt slowly 
loses water at 100°. 


Eepibbncbs. 

1 J. J. Berzelius, Acad, HandL StochMm, 39 . 13, 1818 ; AJJmnd. Fw. Kemi Min., 6. 42, 
1818 ; Schweiggefs Journ., 23 . 309, 430, 1818 ; 34 . 79, 1822 ; Pogg. Ann,, 7 . 242, 1826 ; 8. 423, 
1826 ; Liebig^s Ann., 49 . 263, 1844 ; Ann. CUm. Phys., (2), 9 . 160, 225, 337, 1818 ; (1), m. 34, 
113, 226, 1822 ; Ann. Mines, (1), 4 . 301, 1819 ; Ann. PM., (1), 13 . 401, 1819 ; f 1), 14. 97, 257, 
420, 1819 ; (1), 15. 16, 1819 ; (2), 4 . 284, 343, 1822 ; L. F. Nilson, BnlL 8m. Ohim., (2), 21. 253, 
1874 ; (2), 23. 262, 1875 ; Oe^mrs. Ac^. Fork. Stockholm, 31 . 1, 1874 ; 8m. Mom Acta Upsala, 
iZ), 9. 7, 1875 ; MesmrcMs on the Salts of Bdmiems Add, Upsala, 1875 ,* E. Blanc, Jmm. CUm. 
Fhys., 48. 28, 1920 ; J. 8. Muspratt, Liebig''s Am., 70 . 275, 1849 ; Journ. Chem. 80c., 2 . 62, 1860 ; 



842 


IXUEUAMC AXD THEOHETICAL CHEMLSTEY 


X E. I)Ui\ 111. 693, 1017 ; R. WeL-Jind and J. Alfa, ZuA ar.or^. Ckem,, 21. 

A. Roiseniieiin and L. Xianse, t5., 118. iSi, I&2i ; J. dannek and J. Meyer, 83. 5i, 1913 : 
Mr.y 46. 2ST, 1913 ; J. Jannek, Eine r.c"€ Be^tirim'xng des Atomgemkhi&s des Sehns, Breslan* 
1913 ; J. Meyer, Zdf. Elelirochtn., 19. ^33, 1913; W. Alutnmami and J. Scliafer, Ber., 26. 1014^ 
1893; P- Lafon^ Compt. Herd., 100. J543, 1585; E. Copec, Conirihiithji d Titwk 
pKpakochi.^Mqxe de Za ne itralisizkT., Par::^. 119, 1912; Ann. Chim. Phys.^ ?Sj, 28. 697, 1913- 
P. A. Flaekiger, PUrni. Tiertdj,. 12. 32L iS63 ; A. iliolatiand E. Mascerti, Gazz. CMm. Jfa?., 31. 
i, 93, l&Ol ; ~F. Sace, Airn. Chim. Flys., 3^, 21. 119, 1547 ; Journ. Pharm. CMm., jgj, 12, 442, 
1S47 ; C. A. Cameron and J. Macallan, Prcr. PlOj. S^., 46. 13, IS&O ; Chem. Xeu's, 59. 219, 232, 
25S, 269, 1SS9 ; P. Prinesheim and M. Yoat, Zett. Physih, 58. 1, 1929 ; J. B. Era^ Jonrn. Aroer. 
"An 5or., 12. 530, 1929." 

* J. J. Berrelins, Acad. Hindi. 39. 13, 1818 ; AJhand. Fis. Kemi 2Iln., 6. 42, 

ISIS ; Fchit-eii^pfs Joirn., 23. 309, 43a ISIS ; 34. 79, 1822 ; Pogg. Ann., 1. 242, 1826 ; 8. 423, 
IS26 ; Liebigk Ann.. 49. 253, 1S44 ; Ann. Clim. Pkys., (2), 9. 160, 225, 337, 1818 ; (1), 20. 34, 
113, 225, 1S22; Ann. Jlims, '!}, 4. 301, iS19 ; Ann. Phil, {!), 13. 401, 1S19 ; A), 14. 97, 
257, 420, 1519 ; n\ 15. IS, iS19 ; ‘2?, 4. 234, 343, 1822 ; L. F. Xilson, Bull Soc. Chim., (2), 21. 
253, 1874; :2], 23. 262, 1S75 ; Offvers. Acnd. Fork. Stockholm, 31. 1, 1874; Soc. Xom Arfa 
V pmia, .3;. 9. 7, 1875 ; ResmrcMs on the Salts oj Selenions Acid, Epsala, 1S75 ; B. Bontzonreano, 
Mcrkerches sur les stilniles, Paris, iSS9 ; Bull. Soc. Chim., (2), 48. 210, 1887 ; Anii. CMm. Phys., 
i,6), 18. 309, 1S89 : F. L. Hahn, Zed. anorg. Chan., 150. 126, 1926 ; J. S. Mnspmtt, Liebig's Ann.. 
70. 275, 1849 ; Jotirn, Chem. Soc., 2. 52, 1850 ; C. Friedei and E. Sarasin, Arch. Sciences Genevi, 
;'3), 27. 16, 1^92 ; Bull. Foe. Min., 4. 176, 225, 1881 ; A. des Cloizeanx and A. Damonr, ib., 4. 
5i, 164, IhSl ; Compt. Bend., 92. S57, 1881 ; R. L. Espil, ib., 152. 378, 1911 ; W. L. Rav, Journ. 
A 7iier. CAein . Foe., 45. 2092, 1923. 

® J. J. Berzelius, Acad. MandL Stockholm, 39. 13, 1818 ; Afhand. Fts Kemi Min., 6. 42, 
1818 ; SchceiggeFs Journ., 23. 309, 430, 1818 ; 34. 79, 1822 ; Pogg. Ann., 7. 242, 1S26 ; 8. 423, 
1826 ; LuJJfs Ann., 49. 253, 1844 ; Ann. Chim. Phys., (2), 9, 160, 225, 337, 1818 ; (Ij, 34, 
113, 225, 1822 ; Mines, (1), 4. 301, 1819 ; Ann. Phil, (1), 13. 401, 1819 ; (1), 14. 97, 257, 
420, 1819 ; ^1), 15. 16, 1819 ; (2), 4. 284, 343, 1822 ; B. Boutzonreano, Mecherches sur les selemies, 
Paris, 1889 ;* 'BML Soc. CMm., (2), 48. 210, 1887 ; Ann. CMm. Pkys., (6), 18. 309, 1889 ; G. Bran, 
and (1. Levi, Gazz. Chim. liaL, 46. ii, 17, 1916 ; J. Thomsen, Ber., 2. 598, 1869 ; J. Krntwig, ib., 

14, 304, 1881 ; V. Lenher, Jonm. Arner. Chem. Soc., 20. 555, 1898 ; E. Bivers and T. Shimidzn, 
Joum. Chem. Soc., 49. 585, 1886. 

^ J. J. Berzelins, Acad. Hand!. Stockholm, 39. 13, 1818 ; Ajhand. Fis. Kemi Min., 6. 42, 1818 ; 
SchweiggePs Joum., 23. 309, 430, 1818 ; 34. 79, 1822 ; Pogg. Ann., 7. 242, 1826 ; 8. 423, 1826 ; 
Liebig's Ann., 49. 253, 1844 ; Ann. CMm. Phys., t2), 9. 160, 225, 337, 1818 ; f 1), 34, 113, 1822 ; 

Ann. Jlines, (1), 4. 301, 1819 ; Ann. Phil., (1), 13. 401, 1819 ; (1), 14- 97,257, 420, 1819 ; (!}, 

15. 16, 1819 ; (2), 4. 284, 343, 1822 ; L. F. Nilson, Bull. Soc. CMm., (2), 21. 253, 1874 ; (2), 23. 
262, 1875 ; Oefvers. Acad. Fork. Stockholm, 31. 1, 1874 ; Soc. Nova Ada Upsaia, (3), 9. 7, 1875 ; 
Besearches on the Salts of Selenious Acid, Upsaia, 1875 ; B. Boutzoureano, Beckerches mr les 
silinites, Pans, 1889 ; Bull. Soc Chim., (2), 48. 210, 1887 ; Ann. Chim. Phys., (6), 18. 309, 1889 ; 
J. S. Mnspratt, Liebig's Ann., 70. 275, 1^9; Journ. Chem. Soc., 2. 52, 1850 ; 0. Pettersson, 
Zeii. mat. Chem.. 12. 287, 1873 ; A. Atterherg, Svenska Ahad. Handl., 12. 1, 1873 ; Bull, Soc. 
Chim., (2), 21. 157, 1874 ; A. Hiiger and E. von Gerichten, Zeit. anal. Chem., 43. 132, 394, 1874 ; 
F. Wohler, Liebig's Ann., 63. 279, 1847 ; F. Kuhlmann, Bull. Soc. CMm., (2), 1. 330, 1864; 
E. Franke, Zeit. phys. Chem., 16. 463, 1895 ; L. Marino, Zeit. anorg. Chem., 62. 176, 1909 ; 
A. Rosenheim and M, Pritze, ib., 63. 279, 1909 ; F. KoMer, Pogg. Ann., 89. 146, 1853 ; 
C. A. Cameron and E. W. Davy, Proc. Roy. Irish Acad., 28. 137, 1881 ; Ghetn. News, 44. 63, 1881 ; 
E. Divers and T. Shimidzn, JoErn. Chem. Soc., 49. 585, 1886 ; J. B. Krafc, Joum. Amer. Ger. Soc., 
12. 530, 1929. 

* J. J. Berzeiim, Acad. Handl. Stockholm, 39. 13, 1818 ; Afhand. Fis. Kemi Min., 6. 42, 

1818; SchmeiggePs Joum., 23. 309, 430, 1818; 34. 79, 1822; Pogg. Ann., 7. 242, 1826 ; 8. 
423, 1826 ; Liebig'^ ^nn., 49. 253, 1844 ; Ann. Chim. Phys., (2), 9. 160, 225, 337, 1818 ; (1), 
20. 34, 113, 225, 1822 ; Am. Mines, (1), 4. 301, 1819 ; Ann. PML, (1), 13. 401, 1819 ; ^l), 14. 
97, 257, 420, 1819 ; (1), 15. 16, 1819 ; (2), 4. 284, 343, 1822 ; L. F. Nilson, Bull. Soc. CUm., 
(2), 21. 253, 1874; (2), 23. 262, 1875; Oefvers. Acad. Fork. Stockholm, 31. 1, 1874 ; Soc. Nora 
Ada Upmkt, (3), 9. 7, 1875 ; Researches on the SaMs of Seleniom Acid, Upsaia, 1875 ; B. Bont- 
zonreano, Beckerches sur les sMmites, Fans, 1889 ; BvU. Soc. CMm., (2), 48. 210, 1887 ; Afw. 
GMm. Phys., (6), 18, 309, 1889 ; J- S. Mnspratt, Liebig's Ann., 70. 275, 1849 ; Jmm. Chem. 
Soc., 2. 52, 18^ ; P. T. Cleve, Bihang. Svenska Akad. Handl., 2. 7, 8, 14, 1874 ; Chem. News, 
m. m, 45, 67, so, 91, 100, 1886 ; BuM. Soc. Chim., (2), 21. 196, 1874 ; (2), 269, 353, 494, 

1875 ; (2), 43. 162, 359, 1885 ; S. John, ib., (2), 21. 539, 1874 ; O. M. Hogltmd and P. T. Cteve, 
Bihang. Svenska. Ahd. HandL, 1. 8, 1873 ; G. A. Barbieii andF. Calzolari, Ber., 43. 3214, 1910 ; 
C. von Scheele, Zeit. anorg. Chem., 18. 352, 1898 ; C. Benedicks, ib., 22. 393, 1900 ; H. Brenek, 
ib.,80. 448, 1913 ; M. Weibnll, Ada Untv. Jjund., (2), 18. 5, 1882 ; Ben, 20. 1394, 1887 ; 0. Knika, 
Meitrdge zmr Kemnimis einiger Zirkoniumverhindungen, Bern, IW2 ; R. L. Espil, Compt. Bend., 
452.378,1911. ^ r i- 

* J. J. Berzelins, Acad. Handl. StocMudm, 39. 13, 1818; Afhand. Fis. Kemi Mm., 6. 42, 
ISIS ; Schmim^s Jmm., m. 309, 430, 1818 ; 34. 79, 1822 ; Pogg. Ann., 7. 242, 1826 ; S. 423, 
1836 ; Lkbig'a Ann., 49. 253, 1844; Ann. Chim. Pkys., (2), 9. 1^, 226, 337, 1818 ; (i), 20, 34, 



SELENIUM 


843 


113,225, 1822; (1), 4. 301, 1819 ; PAS., (1), 13. 401, 1819 : 11) 14.97 ‘>57 

420, 1819 ; (1), 15. 16, 1819 ; (2), 4. 284, 343, 1822 ; J. S. Muspratt, Liebig's Ann., 70.' 275* 
1849; Jourti. Chem. 8oc,, 52, \%50 ; F. Sa,oc, Ann. CAim. Lhvs., (3) 21 119 1847 - Tnnr-n 

Pharm. Ohiin., (3), 12. 442, 1847; G. M. Kersten, Pogg. Ann., 46.217, 1839 - A SchafS’ 
Siizber. Alcad.. lF*ea, 47. 256, 1863 ; L. Marino, Atti A^ad. Lir^i, (5), 17. 1, 860 1«0S • 

Chim. Hal., 39. i, 640, 1909; Zeit. anorg. Ghem., 53. 453, 1908; 62. 174, 1909 ■’ J Tl’D aTiT 
A System of Mineralogy, Ne-w York, 981, 1892 ; E. Bertrand, Bull. Soc. Min! 5 ' 9o’ 188=> • 
L. P. Nilson, Bull. Soc. Ohim., (2), 21. 253, 1874 ; (2), 23. 262, 1875 ; Oefvers. Acad Fork Stoch- 
holm, 31. 1, 1874 ; Soc. Nova Acta Upsada, (3), 9. 7, 1875 ; Researches on the Salts of Sehnious 
Acid, Upsala, 1875. 

7 L. F. Nilson, Bull Soc. Ghim., {2), 21. 253, 1874 ; (2), 23. 262, 1875 ; Oefvers. Acad. Forh. 
Stockholm, Zi. 1, 1874 ; Soc, Nova Acta Upsala,{^),9.1, 1875; Researches on ike Salts of Sehniom 
Acid, XJpsala, 1875 ; W. Muthmann and A. Clever, Zeit. anorg. Chem., 10. 137, 1895 ; A. Clever, 
Zur Kenntni'' der Verbindiingen des Selens mit Arsen und Phosphor, Munchen, 1896 ; I. Bouget,' 
Ann. Chim, Phys., (7), 18. 561, 1899 ; Recherches sur les sulfo- et les sehnio-antimonites Paris' 
1890. 


8 W. Prandtl, Verbindungen hoherer Ordnung zioischen den Oxyden RO^ arid Munclieii, 
1906; W. Prandtl and P. Lustig, Ber., 38. 1305, 1905; Zeit. anorg. Chem., 53. 393 1907; 
W. Prandtl and W. von Blochin, zb., 93. 45, 1915 ; W. Prandtl and M. Humbert, ib., 73. 22i 
1911 ; A. Rosenheim and L. Krause, ib., 118. 177, 1921 ; L. Krause, Ueber selenige Sdure wnd 
thre Verbindungen, Berlin, 1918. 

» L. P. Nilson, Bull Soc. Chim., (2), 21. 253, 1874 ; (2), 23. 262, 1875 ; Oefrers. Acad. Fork. 
Stockholm, 21. 1, 1874 ; Soc. Nova Acta Upsala, (3), 9. 7, 1875 ; Researches on tkeSalts of Sehnious 
Acid, Upsala, 1875 ; J. S. Muspratt, Liebigh Ann., 70. 275, 1849 ; Journ. Chem. Soc., 2. 52, 
1850 ; B. Boutzoureano, Recherches sur les selenites, Paris, 1889 ; Bull Soc. Chim., (2), 48. 210, 
1887 ; Ann. Chim. Phys., (6), 18. 309, 1889 ; C. Taquet, Gompt. Bend., 96. 707, 1883 ; 97. 1435, 


1883. 


E. P6chard, Compt. Rend., 117. 104, 1893 ; H, Obpacher, Ueber die Beziehungenzmschen 
den SeIe7iitmohjbdaten und Phosphatmohjhdaten, Miinchen, 1916; 0. W. Gihbs, Amer. Chew. 
Journ., 17. 167, 1895; W. Prandtl and W. von Blochin, Zeit. anorg. Chem., 93. 45, 1915; 
A. Rosenheim and L. Krause, ib., 118. 197, 1921 ; L. Krause, Veber selenige Sdure und ihre 
Verbindungen, Berlin, 1918 ; 0. Pottersson, Ber., 9. 1562, 1876; G. Pabre, Compt. Rend., 105. 
115, 1887. 

J. J. Berzelius, Acad: Handl Stockholm, 39. 13, 1818 ; Afhand. Fis. Kemi Min., 6. 42, 
1818; SchtueiggePs Journ., 2Z.Z0^, 4:Z0, ISIS; 34. 79, 1822; Pogg. Ann. ,7. 24^2, IS26 ; 8.423, 
1826 ; Liebigh Ann., 49. 253, 1844 ; Ann. Chim. Phys., (2), 9. 160, 225, 337, 1818 ; (1), 20. 
113, 225, 1822 ; Ann. Mines, (1), 4, 301, 1819 ; Ann. Phil, (1), 13. 401, 1819 ; (1), 14. 97, 257, 
420, 1819; (1), 15. 16, 1819; (2), 4. 284, 343, 1822; B. Boutzoureano, Recherches snr ks 
selenites, Paris, 1889 ; Bull Soc. Chim., (2), 48. 210, 1887 ; Ann. Chim. Phys., (6), 48. 309, 
1889 ; J. S. Muspratt, Liehigh Ann., 70. 275, 1849 ; Journ, Chem. Soc., 2. 52, 1850 ; L. P. Nilson, 
Bull Soc. Chhn., (2), 21. 253, 1874 ; (2), 23. 262, 1876 ; Oefvers. Acad. Forh. Stockholm, 31. 1, 

1874 ; Soc. Nova Acta Upsala, (3), 9- 7, 1875 ; Researches on the Salts of Sehnious Acid, Upsala, 

1875 ; R. Sendtner, Ueber einige Ve7bindungen des Urans, Erlangen, 1877 ; Liebigh Ann,, 195. 
325, 1879 ; M. Lobanolf, Roczniki Chem., 5. 437, 1925. 

J. J. Berzelius, Acad. Handl. Stockholm, 39. 13, 1818 ; Afhand. Fis. Eemi Min., 6. 42, 
1818 ; SchweiggeFs Journ., 23. 309, 430, 1818 ; 34. 79, 1822 ; Pogg. Ann.. 7. 242, 1826 ; 8. 423, 
1826; Liebig's Ann., 49. 253, 1844; Ann. Chim. Phys., (2), 9. 160, 225, 337, 1818; (1), 20, 
34, 113, 225, 1822 ; ,Ann. Mines, (1), 4. 301, 1819 ; Ann. Phil, (1), 13. 401, 1819; (1), 14. 97. 
257, 420, 1819 ; (1), 15. 16, 1819 ; (2), 4. 284, 343, 1822; B. Boutzoureano, Recherches sur les 
silenites, Paris, 1889 ; Bull Soc. Chim., (2), 48. 210, 1887 ; Ann. Chim. Phys., (6), 18. 309, 
1889; J. S. Muspratt, Ann., 70. 275, 1849; Journ. Chem. Soc.,2. 52, 1850 ; L.P. Nilson, 

Bull Soc. Chim., (2), 21. 253, 1874 ; (2), 23. 262, 1875 ; Oefvers. Acad. Fork. Stockholm, 31. 1, 

1874 ; Soc. Nova Acta Upsala, (3), 9, 7, 1875 ; Researches on the Salts of Sehnious Acid, Uimla. 

1875 ; P. Laugier, Bull Soc. Chim., (2), 47. 915, 1887 ; Compt. Rend., 104. 1508, 1887 ; H. Ponzes- 
Diacon, ib., 181. 558, 1900 ; R. L. Espii, ib., 152. 278, 1911 ; L. Marino and Y. Squintam, AU% 
Accad. Lincei, (5), 20. i, 447, 1911 ; E. Bertrand, Bull Soc. Min., 5. 90, 1882; F. L. Hahn, 
Zeit. anorg. Chem., 150. 126, 1926 ; H. L. Riley, Journ. Chem. Soc., 2985, 1928. 


§ 11. Selenitmi Trioxide and Selenic Add 

The preparation of selenium trioxide, SeOg, has proved singularly diffic^t. 
Many attempts have heen made to prepare selenium trioxide analogous with sulphur 
trioxide, SO3 ; whilst the latter is decidedly stable, the former appears so 

unstable as to break down immediately into selenium dioxide and oxygen. E. von 
Gerichten ^ passed a mixture of the vapour of selenium dioxide and oxygen over 
red-hot platinum avooI, and obtained a white sublimate which he first thoiight to 
contain some selenium trioxide, but which he later found to he selenium dioxide 
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alone. C. A. Cameron and J. Macallan aAo failed to cbtain selenium trioxlde ii: 
tMs way : nor did tbey obtain it by beating tbe selenate of silver, mercury, lead, 
antimony, bismutb, iron, or platinum. By beating pbospborus pentoxide witb 
selenic acid and cooling tbe soln., C. A. Cameron and J. Macallan obtained crystals 
of wbat they tiongbt to be selenium irloxide. If tbe temp, is too bigb tbe crystals 
aie not produced, and it is tbougbt that tbe trioxide dissociates at a relativelv 
low temp . — lide bgra^ seleniinii sulpboxide. E. 3Ietzner could nor prepare 
sdeniiioi txioxide by distilling a mixture of selenic acid with pbospborus 
pentoxide in vacuo. A. bEebael and W. T. Conn failed to make tbe txioxide by 
digesting anby dr ous selenic acid witb percblorie acid between KO“ and 140" for 
4 krs. Tbe percblorie acid could be distilled fi'om tbe product imcbanged. 
J. Jaimek and J. Meyer unsuccessfully attempted to make tbe trioxide by tbe 
action of dry ozone on selenium, altbougb they found that moist ozone form's 
selenic acid. 

E. K. le Geyt Worsley and H. B. Baker exposed dry selenium dissolved in dry 
selenjl dicbloride to tbe action of dry ozone and obtained wMte, solid selenium 
trioxide mixed with selenyi dicbloride. Tbe process can be made continuous by 
introducing into tbe oxidation tube sticks of fused selenium. Tbe ozone attack* 
tbe dissolved seleniuin, forming tbe trioxide, and more selenium dissolves. Tbe 
selenyi dicbloride can be removed by washing, first with tborougbly dried carbon 
tetracMoride, and then with sodium-dried ether. The ether was finally removed 
by warm air dried by cone, sulphuric acid and phosphorus pentoxide. The analysh 
agrees with tbe formula ; and tbe mol. wt. determined by its effect on tbe f.p. of 
pbospboryl chloride agrees with the mol SeOs- Selenium trioxide is a paie-yeliow 
amorphous solid of sp. gr. 3*6. It decomposes at about 120" without melting or 
subiming, and it then forms selenium dioxide and oxygen. Tbe sublimate observed 
in its preparation is said to be due either to tbe substance having been carried over 
in fine state, or to an alotropic modification. E. Metzner calculated that tbe 
formation of solid seienitun trioxide from tbe dioxide is an endothermal process 
approximating {S€02,0)=Se03— 14*7 Cals. ; while its formation from tbe elements 
is exothermal, (Se,30)=Se03+42*i Cals. W. G. Mixter gave (Se, 30) =48*8 Cals. 
According to E. E. le Gejri Vorsley and H. B. Baker, tbe trioxide is readily soluble 
in water with tbe evolution of beat ; it is also soluble in alcohol but insoluble in 
ether, chloroform, or carbon tetrachloride. It is analogous to sulphur trioxide in 
forming selenic acid when treated with water, and selenates when treated with 
alkalies. It reacts with hydrogen dioxide to form a perselenic acid ; it is soluble 
in selenic acid melted under reduced press. ; and it furnishes chloroselenic acid 
when treated with dry hydrogen chloride. J. Meyer and A. Pawletta were unable 
to confirm the results of E. E. le Geyt Worsiey and H. B. Baker; and 

G. F. Hoffmann and V. Lenher also failed, their product was always selenium dioxide. 
The existence of the trioxide is therefore “ not proven.” J. Meyer and A. Pawletta 
stated that the d^oiution of selenium in selenium oxychloride results in the forma- 
tion of ^ienous chloride, which is precipitated with selenium dioxide when ozone is 
pasKd into the soln. The white suhlinmte observed hy E. E. le Geyt Worsiey and 

H. B. Baker is considered to he selenous chloride. Substitution of glacial acetic 
acid or carbon tetrachloride for selenium oxychloride does not lead to the separation, 
of selenium trioxide. 

In 1827, E. Mitscheriieh discovered sdanic add, H 2 Se 04 . Tbe aq. sola., or 
combinations as selenates, were made by J. J. Berzelius, and E. Mitscheriicb by 
igniting a mixture of selenium, metal selenides, selenious acid, or the metal seienites 
along with alkali nitrate ; or by passing chlorine through a soln. of potassium 
^lenite mixed with free alkali. H, Rose, and H, Topsoe also obtained tbe soln. by 
the action of cHorine on selenium or selenious acid in contact with water ; 
A. J. Baiard used hypocUorous acid ; J. Thomsen, and H. H. Morris, bromine ; 
E. Meteor, potawium permanganate ; F. G. Mathers oxidized a hot nitric acid 
mM. of wleniiini dioxide and potasrium permanganate — the product is said to be 
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free from selenions acid, but to contain a small proportion of manganese ; J. Meyer 
and K. Heider, sodium dioxide, and hydrogen dioxide ; E. WoMwill, potassiiim 
dichromate, lead dioxide, or manganese dioxide ; and E. Mailfert, and J. Jannek 
and J. Meyer, by the action of 02 one on selenium in the presence of water. 
J. Meyer and E. Heider obtained a 47 per cent, conyersion by iismg 30 per cent, 
hydrogen dioxide on a water-bath ; and E. B. Huff and C. R." McCrosk}^ a 90 per 
cent, conversion of selenions acid or a selenite, by refluxing with 30 per cent, 
hydrogen dioxide for 3 hrs. E. Wohlwill found that neither nitric acid nor a«|Tia 
regia oxidized selenions acid to selenic acid ; nitrous acid converts selenium only 
into selenions acid ; whilst mercuric and cupric salts do not oxidize a soln. of 
selenions acid. 

E. Mitscherlich obtained the acid by treating lead selenate suspended in water, 
with hydrogen sulphide, and concentrating the filtered soln. by evaporation. 
M. E. Diemer and V. Lenher, and E. von Gerichten employed a modification of this 
process. E. Wohlwill treated copper selenate with hydrogen sulphide, and 
evaporated the filtered soln. on a water-bath. E. von Gerichten, and H. Topsoe 
showed that the precipitated copper snlphide is oxidized during the washing so that 
the resulting selenic acid is always contaminated with sulphuric acid. This process 
was employed by J. J. Berzelius, C. Eabian, etc. To get over the objection, C. von 
Hauer treated calcium selenate with cadmium oxalate, and removed the cadmium 
from the soln. by precipitation with hydrogen sulphide. The filtered liquid was 
heated to drive off the excess hydrogen sulphide. J. Thomsen treated a sola, of 
silver selenite with bromine, and evaporated the filtrate from the silver bromide. 
G. Metzner found that the product so obtained has a high degree of purity. The 
filtrate was stated to be free from selenious acid. M. E. Diemer and Y. Lenher, 
Y. Lenher and C. H. Kao, P. Klason and H. MeUquist, and E. B. Benger used 
modifications of this process. L. M. Dennis and J. P. KoUer said that the product 
always contains selenious acid ; M. E. Diemer and Y. Lenher, and E. B. Benger 
removed the selenious acid hy treatment with hydrogen sulphide, but E. B. Benger 
observed that some selenic acid is thereby reduced to selenium and sulphur, and 
probably some sulphur dioxide. M. E. Diemer and Y. Lenher stated that the 
selenic acid obtained by oxidizing silver selenite with bromine is free from selenious 
and sulphurous acids. E. Metzner prepared selenic acid by first oxidizing selenium 
dioxide with either chlorine or bromine, neutralizing the acid soln. with copper 
oxide, separating the copper selenate from the copper chloride by fractional 
crystallization, and electrolyzing the aq. sola, of copper selenate to remove the 
copper. He said that the selenic acid so obtained is free from copper, chlorine, and 
selenions acid. L. M. Dennis and J. P. Koller recommended this process, extracting 
the copper chloride from the selenate by acetone. They said that this is the best 
process for preparing selenic acid free from selenious acid and chlorine. J. Meyer 
and H. Moldenhauer prepared the acid by first oxidizing selenium with nitric acid, 
and treating the resulting selenious acid with rather more than the theoretical 
quantity of chloric acid. The soln. was heated to expel chlorine and chlorine 
oxides, and the soln. heated in vacuo to remove perchloric acid. This gave a soln. 
with 85-90 per cent. H 2 Se 04 ; and a yield 90-95 per cent, of the theoretical. 
P. L. Blumenthal recommended oxidizing selenium dioxide with a mixture of 
nitric acid and potassium bxomate. Y. Lenher and E. J. Wechter obteined selenic 
acid by treating a soln. of potassium selenate with perchloric acid, or a suspension 
of barium selenate with sulphuric acid. 

As indicated above, R. Metzner electrolyzed a soln. of copper selenate to pre- 
cipitate the copper ; and E. C. Mathers electrolyzed lead selenate, resting on the 
cathode covered with selenic acid, and obtained an 87 per cent, yield of selenic acid. 
E. Miillei effected the electrolytic oxidation of selenites to selenates ; when a neutral 
soln. of sodium selenites is electrolyzed — ^in a cell using an anode of platinum foil, 
and a cathode of platinum wire, until all the selenite has disappear^, that is, until 
a portion of the electrolyte causes no separation of iodine and selenium with a soln. 
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of potassium iodide. Sodium seleiiate is Yitained Ly simply eTaporating the -olii , 
after ^iiterlng it from a small auiuimt of seltfuium. In tne pie^ence of [jota^slua* 
ehromatej the deposiiicn of seieniiim at the eatiiude is entirely prevented, lu 
order to ohtain sodium seienate from the latter soin., the chromimii must first of 
all be removed by preeiDitation, so that, on tne ttho^e, the method of preparing tne 
selenate by electroljzins the selenite in the absence of potassium cliromate is lu he 
] referred. E. T. C4iamer riepared selenir aoid iy the electrolysis of a cone. soln. 
of seleimjus athi in cone, nitric acid het'veen 50' and 80' using a small cathode 
current density, and an anode density of 4 to 5 am; . por sf|. cm. for iW c.c. of soln. 
A .gram of selenioiis acid was oxidized in 4 to 5 amp. hrs. W. Manchot ana 
A. Wirzmuher obtained selenic acid, fme fron. selenious acid, by the anodic oxida- 
tion of selenious acid, usins a platinum eathodt^, and an anode oi piatinimi covered 
with lead dioxide surrounded by a porous pot. The eatholyte was 5A -HXO^, 
and the anoiyte, cone, selenious acid; and at a low current density and low temp. 
T7 amp. hrs. were required per gram of seleidum dioxide (theoretical 0*48). The 
yield was about 80 per cent, of the theo^reticah L. M. Dennis and J. P. Koller 
found that with the electrolytic process they employed, the electro-oxidation of 
selenious acid always furnished selenie acid contaminated with selenious acid. 
C. Manuelli and G. Lazzarird studied the oxidation and reduction that occur in the 
electrolysis of selenious acid. J. Meyer and X. Heider found the most favoarable 
conditions for the anodic oxidation of selenious acid to he : 


3*2 grms. oi selenium dioxide disoulved in 30 c.c. of nitric acid of sp. gr. 1*4 ; area oi 
platinum foil anode, t) sq. oms. ; cathode of platinum wire ; temp., 70°-S0° ; current, 
2*5 to 3*5 amps, at 8 volts. The process was accelerated by the presence of small quantities 
of selenic acid; the current ettieiency rose from 1 per cent, (after L5 mins.) to 8*3 per cent, 
(after 111 mins.) and then declined. 


€. A. Cameron and J. Macallan cooled Ly means of liquid sulphur dioxide an 
aq. soln. of selenic acid, cone, as much as possible — 97*75 per cent. H 2 Se 04 . The 

viscid mass was then rubbed with a glass rod, 
when sudden crystallization accompanied by a rise 
of temp, occurred. 0. Pettersson and G. Ekman 
concentrated an aq. soln. of selenic acid on a water- 
bath, and then in vacuo at 180^; on cooling, the 
solid mass contained 99*9 per cent, of H 2 Se 04 . 
C. A. Cameron and J. Macallan said that if the 
temp, rises to 217° some selenium dioxide is formed. 
iJ'M . E. Metzner heated cone, selenic acid in vacuo at 
210° for 48 hrs., and cooled the product with 
methyl chloride when a white, crystaUine mass 
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of HqScOa was obtained. C. A. Cameron and 


J. Macallan cooled a 8S*9G per cent, of selenic acid 
to —32°, and obtained the fmnoJiydrated selenic acid, H 2 Se 04 .H 20 , which was 
pudfied by repeated melting and recrystaiiization. C. A. Cameron and J. Macallan 
recommended purifying an ^aq. soln. of selenic acid by converting it into the 
monohydrate, and repeatedly crystallizing the product, using the seeding process 
to induce crystaHization. E. Metzner also obtained the monohydrate by con- 
centrating an aq. soln. to 210 °, and rubbing with a glass rod the viscid mass, 
cooled to —80°, when crystals are slowly formed. If the viscid mass at 5° or 6 ° be 
seeded with crystals of the monohydrate, crystallization readily occurs. The 
crystals are drained on a porous tile, and dried at a temp, below 15°. 
C. A. Cameron and T. Macallan also reported that when an 80*11 per cent, soln., 
corresponding to the dihydrate, is cooled to — 51°, a viscid sjrup is formed which 
does not crystallize ; nor does a soln. corresponding with H 2 Se 04 . 6 H 20 crystallize 
at —40°. E, Kremann and F. Hofmeier determined the f.p. of mixtures of water 
and selenic acid. The following is a selection from their results : 
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Per cent. HaSeO.! . 
Freezing Point 

94*9 

40*2^ 

92-7 

26 - 3 ° 

91*5 

17*0° 

90-7 

21 - 9 “ 

83*2 

13*1° 

79*2 

-7*0° 

74*7 

-53*3° 

74-5 

—55° 

Solid pliaae 


HjjSeO^ 



HaSed^ 

i-HgO 



Per cent. HaSeO^ . 
Freezing Point 

74*5 

-55° 

70*8 

—55*3° 

57*7 

-61° 

48*0 

—83*0° 

45*2 

-63*5° 

38*9 

-37*2° 

21*0 

-10*5° 

5*1 

-1-3° 

Solid phase 


mseo^ 

414^0 



3^(7” 




The results are i>Iotted iii Fig. 52. Only two hydrates appear, as solid phases : 
(i) the monohydrate, H2Se04.H20, melting at 26°, and (ii) the tetrahydrate, 
H2Se04.4:H20, melting at — 51'7°. The eutectic between H2Se04 and H2Se04.H20 
atl9° corresponds with 91*5 per cent, of selenic acid ; that between H2Se04.H20 
and H2Se04.'4:Il20 at — 55° and 74*5 per cent, selenic acid; and that between 
H 2 Se 04 . 4 H 20 and H2O at — 83° and 48*0 per cent, of selenic acid. D. I). Karve 
applying the criteria for pseudo-acids found that 98 per cent, selenic acid is a true 
acid, H[HSe04], and in water and alcohol forms a true oxonium salt, [HSe04]H20E, 
where R represents H or the C2H5-radicle, H. Remy discussed the structure of 
selenic acid. 

The cone., aq. soln. of selenic acid is a transparent, colourless Kquid. The anhy- 
drous acid, prepared by C. A. Cameron and J. Macallan, and R. Metzner, crystallizes 
in long, interlacing hexagonal prisms isomorphous with anhydrous sulphuric acid. 
The molten acid is very prone to undercooling particularly in the presence of 
impurities — selenious acid. If the selenic acid contains some selenium ^oxide, the 
crystals sometimes appear in the form of double prisms, many of them intersecting 
in pairs. The slow crystallization of the aq. soln. furnishes large prisms, while rapid 
evaporation yields needle-like crystals. The monohydrate was obtained in acioular 
crystals, but with very slow crystallization, rectangular plates were formed. 
R, Kremann and F. Hofmeier said that the crystallization of the tetrahydrate in 
undercooled liquids is induced by seeding with the corresponding hydrate of 
sulphuric acid, thus indicating that these hydrates are isomorphous. The cone., 
aq. soln. of selenic acid was found by E. Mitscherlioh readily to attract moisture 
from the air, and to develop much heat when mixed with water. Similar results 
were observed by C. A. Cameron and J. Macallan with H2Se04 ; and by R. Metzner 
with the monohydrate. 

C. A. Cameron and J. Macallan observed that the specific gravity of the molten 
acid, H2Se04, is 2*6083 at 15° ; and when in the solid state, 2*9508 at 15° ; similarly 
with the molten monohydrate, 2*3557 at 15°, and with the solid, 2*6273 at 15°. 
They gave for the sp. gr. of aq. soln. containing 

H: 2 Se 04 . 99*73 97-6 96*0 91*0 87*0 85-0 80*0 73*50 3 p€r cent. 

Sp, gr. . 2*6083 2*6695 2*5163 2*4081 2*3061 2*2558 2-1216 1*9675 

The sp. gr. increases with cone, up to the highest cone., and in this respect differs 
from sulphuric acid. The magnitudes of the increase for similar changes of cone, are 
not regular, and these differences diminish with increasing cone, of the acid. The 
presence of selenium dioxide raises the sp. gr., and this is taken to account lor 
the higher values for the sp. gr. obtained by E. Mitscherlich, J. J. Berzelius, and 
C. Fabian. The following is a selection from the data of M. B. Diemer and 

V. Lenher for the sp. gr. of aq. soln. containing per cent, of Il2Se04 at 20°/4° ; 

HaSeO^ . 0-89 5*20 10*05 20*48 40*62 60*73 80*83 99*20 per cent. 

Sp.gr. . 1*0048 1*0393 1*0768 1*692 1*3896 1*6937 2*1422 2*5925 

F, W. 0. de Coninck found the sp. gr. of three commercial samples of selenic acid to 
be 1*4386 at 18° ; 1*4669 at 15*5° ; and 1*4698 at 15*8°. The mdting point of the 
anhydrous acid, H2Se03, found by 0. A. Cameron and J. Macallan is 50° ; R. Metzner 
gave 57°. W. Strecker and F. Krafft gave 61°-62° for the m.p. of large crystals. 
The molten acid shows a marked tendency to undercooling. A similar remark 
applies to the other liydrates. C. A. Cameron and^ J. Macallan gave 25° for the 
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ni.p. o: t'le rr^-'Lerivar^te ; E. 15‘ : and E. Kremann and F. Hr.fLielerj 

26', while the n*.T>. of the tetrahy.irare h — 51 -Th E. 51etziier gave — 345 Cah. 
for the heat o! fusion of H 2 Se 04 . and — 475 Cah. for the raonohj irate. Ac: orEnr 
to E. 5Ietzner the vapour pressure, : mtn,. of anhjorotis H^SeCK, is : 

t't" 14'. t:v 210^ 

I j*S 2i N I'S J 32'U St'O inn.. 

C A. C.inter< <n and J. 5Iaeaikn ^ai•i that the boHing point the monohTditte is 
2i»5'', W. Streeker and F. Eirant gave 172' for the b.p. at S5 nun. press. 

J. J. Berzelius said that the mcsu cone, acid he could ohtain hj evaporation 
containehi 4 per cent, of water and had a sp gr. 2*6 ; and he added that if the tenir,. 
attains 290h the acid decornpo::es into selenium dioxide and oxygen. E. lEtscher- 
lieh said that if the aq. soln. he evaporated until the temp?, has risen to 165'. the 
sji. gr, is 2*524 ; if continued to 267', the sp. gr. is 2*6^10 : if to 285', 2*625, hut part 
of the selenic aeid is then changed to ielenious acid. The acid evaporated at 286' 
contains 84*21 per cent. SeOj. He added that the tendency to decompose at ti.e 
Mgh temp, vents the formation of the pure acid, H2Se04. C. Fabian said that 
when a selenic acid suln. is evaporated at 265', the sp. gr. is 2*609, and the liquid 
contains 94*9 per cent. H2Se04 ; and if the soln. at 240'-260' be placed over cone, 
sulphuric acid in a de>iceator, which is then evacuated, the liquid has a sp. gr. 2*627, 
and contains 91*4 per cent. H.j8e04. According to C. A. Cameron and J. Macallan, 
when a dil. aq. soln. of selenic acid is heated in vacuo to 180^, dil. acid distils of! until 
the anhydrous acid xeinains. The result of further heating is for a time iiierely 
to raise the temp. ; the acid does not distil in the anhydrous condition. At about 
2«Xi' it begins to decompose slowly, and at higher temp, rapidly, into selenium 
dioxide, oxygen, and water. The latter serves to dil. a portion of the remaining 
acid, which then, at once distils. The residue always consisted of a mixture of 
anhydrous selenic aeid with selenium dioxide, the proportion of the latter increasing 
with the rise of temp, and length of time of heating ; the distillate consisted of sele- 
niuBi dioxide mixed with selenic acid. When dil. selenic acid is boiled at ordinary 
press, nothing but water is evolved until 205® is reached, at which temp, it has the 
compositiun of the monohydxated acid. In these respects it behaves like dil. 
sulphuric acid. After passing 205® the distillate contains at first mere traces of 
selenic aeid, but its cone, gradually increases as the temp, rises from 205® to 260®. 
At higher temp, a portion of the acid decomposes, the distillate being diluted by the 
water continuously set free during the decomposition ; and at higher temp, nmeh 
selenium dioxide also distils over. Hence, the cone, of the selenic acid which distils 
under ordinary press, is always low. If anhydrous selenic acid be strongly heated 
under ordinary press, a portion of it is decomposed into selenium dioxide, oxygen, 
and 'water, the latter serving to dil. the remaining acid. It will then no longer 
solidify on addition of a crystal of the anhydrous acid. In the case of selenic acid 
the anhydride is evidently unable to exist free at elevated temp., but breaks up into 
selenium dioxide and oxygen. When selenic acid is kept for some time at 250° it 
always contains traces of selenium dioxide, and at 280® decomposition is rapid. 
Anhydrous selenic acid commences to dissociate in vacuo at about 200°. J. Meyer 
and H. Moidenhauer observed that when heated above 160°, selenic acid is slowly 
decomposed into oxygen and selenious acid. According to E. Metzner, the lieat oI 
feonaiioii of the acid, H2Se04, at 15° is {Se02,0,H20)=3*06 Cals. ; (Se,202,H2) 
= 128*86 Cals. ; and (Se,SO,H20) =59*86 Cals. ; and for the monohydrate with the 
liquid system (H2Se04,H20)=4*80 Cals. ; and with the solid system (H2Se04,H20) 
=4*55 Cals. The hiat of soltliion of the solid acid at 15° is {H2Be64, 300 c.c. 
water) =13*35 Cals., and for the liquid acid, 16*80 Cals. ; and the solid monohydrate, 
7*45 Cals., and for the liquid monohydrate, — 4*75 Cals. J. Thomson gave 
(Se, 30, aq.) =76-66 to 77*24 Cals. ; (Se02,0,aq.)= 19*53 Gals. ; and (Se02^.,0) 
=^>45 to 213-Kl Cals. ; and E. Metzner, (^,202,H2)== 145*66 Cab?., in soln. ; and 
|Se, 30, HgO) =76*66 Cals., in soln. R, Metzner gave for the heat of neutraliasatiOfl 
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with 2E:0H, 31*31 Cals. ; 2NaOH, 3M9 Cals. ; BaO, 3frlJ2 Cals. ; PbO, 21*64 Cals. : 
Ag^>0, 22*6 Cals. ; and CuO, 18*126 Cals. 

"*3. H. Gladstone and W. HibLert found that as the cone, of tsoin. of ■^eienic acid 
changes with dilution from 41*8 to 27* 3 per cent. HoSeO^, the molennlar refractioii 
changes from 29*79 to 29*29 at 24°— 25*1'^, and the U-hne. The calculations are based 
on the observations of I. Zoppellari on the index of refraction, /x. W, J. Pope gave 
24*11 for the refraction eq. of the Se 04 -radicle. H. W. Stone found for aq. soln. 
containing J9 per cent. Il 2 Se 04 at 20"" and the D-line — for water alone /x— 1-3330 : 

p . . 1 5 10 20 40 to SO 99 

ft . . 1*3341 1-3389 1-3450 1-3583 1-3S92 i-4278 1-4S10 l-5iG0 

C. Schaefer and M. Schubert observed that the llitra-red refiection spectra of tlie 
seienates show a definite maximum in the region of llju, and this is attributed to the 
vibrations of the Se 04 “radicle, and it is analogous to the maximum at 9fi exhibited 
by the sulphates. When the seienates contain water of crystallization, the charac- 
teristic water bands aj^pear. The reflection maximum shown by the uniaxial 
crystals of seienates at about llju can he resolved into two groups of characteristic 
vibrations, and into three in the case of bi-axial crystals. Observations were also 
made by A. M. Taylor. 

G. Gore observed that a thermoelectric current is developed with a mercury 
electrode in contact with an aq. soln. of selenic acid : with dil. soln., the strength 
of the current is reduced with the increase of cone., but with cone. soln. this pheno- 
menon is reversed. W. Ostwald gave the electrical conductivity, fi, of soln. with a 
mol of the acid in v litres of water at 25° : 

V .. 4: 16 64 256 1024 4096 8102 

fi . - 103-2 107-4 127-3 150-6 169*1 177-1 176-9 

A. Miolati and E. Mascetti studied the sp. conductivity of selenic acid to which 
sodium hydroxide is progressively added. M. S. Sheriil and E. F. Izard calculated 
the reduction potential of the reaction; H2SeO3+H2Onqiiid“3H‘+HSeO4'-{-20 
to be — 1*088 volts ; and the free energy of HSeO^', — 107*71 cals, at 25°. 

J, Thomsen placed selenic acid, 0*45, in his avidity table between sulphuric acid 
(0*49), and trichloracetic acid (0-36) with hydrochloric acid unity. According to 
C. A. Cameron and J. Macallan, anhydrous selenic acid possesses a powerful affinity 
for water, absorbing it quickly from the atm. Their combination is attended with 
contraction and considerable evolution of heat, but less so than in the case of water 
and sulphuric acid. Like the latter, it disintegrates and blackens many organic 
substances, such as cork, indianibber, etc. From others it withdraws the elements of 
water ; thus, alcohol heated with it yields ethylene, and glycerin, acrolein. On 
cellulose it has an action similar to that of cone, sulphuric acid, paper being converted 
by it into a tough parchment-like substance. For this reason it should not be 
filtered through Altering paper, except when cold and very dil. The hot, surf used 
acid dissolves iodine, forming a brown soln. E. Mitscherhch observed that selenic 
acid decomposes when boiled with hydrochloric acid, forming chlorine and-selenious 
acid. O. Pettersson, and F. A. Gooch and P. S. Evans based an analytical process on 
this reaction. F. A. Gooch and W. H. Scoville found that in the presence of hjrdro- 
bromic acid— potassium bromide in sulphmic acid soln. — selenic acid is reduced to 
selenious acid. The comxfleteness of the reaction depends on the cone, of the soln., 
and the proportions of potassium bromide and sulphuric acid w^hich are present. 
Bromine distils ofl when the soln. is heated, and if the distillation be continued too 
long, selenium is liberated, and if the x^otassium bromide is in too large excess, 
it is difficult to remove all the bromine before the reduction to selenium oecj^s. 
F. A. Gooch and W. G. Reynolds said that hydriodic acid slowly reduces selenic 
acid to seleifloiis acid if a great excess of hydrochloric acid is not x^resent. 

C. A. Cameron and J. Macallan observed that w'lien powdered sulphur is mixed with 
l£(|uid anhydrous selenic acid, there is no action in the cold ; bub if the mixture be 
heated to 63°^ the sulphur dissolves in the acid wdth the x>roduction of an exceedingly 
VOL. X. 3 1 
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produrpci very tiiistiiliity it bee:i:*5 to dee* irnjMise at tLe teiuy. wHtL it 
b*rniefl, with evolution of >nlph!ir dioxide, aroi redt:ctt»n of the ^eIe^de rrdd te 
reieniriiifi aeifl. If vater he added whpii has hrst developed, is 

fie|jo:^ited in soft i^eliow flakes : hut afr^'^r leojmjrosition has eoinnienced. the 
addition of water throws dow'E red >elen:iiii: ehiefjo, owing to tiie reaction between 
the salphiirons and seleiiious acid- which are formed — ed the acriem of siilpharie aci?l 
on sulphur. F. Elraift and 0. Steiner found that when anhydrous seienic acid is 
.-lowh" heated to 55“ with sulphur in an atm. of carbon dioxide in a sealed tube, 
suiphiiric acid and selenium are formed. E. B. Benger also observed the sulphur 
reduces anhydrous seienic acid at 6S' : and in aq. soln. at higher temp. Thus, a 
94’2 per cent. soln. of the acid is attacked at and a 40 per cent. soln. at 190“. 
E. 3fitscherKcli, B. Brauner, and H. H. orris said that seienic acid is not reduced 
by liydrogen SulpMie^ but E. B. Benger found that this statement is not correct 
because seienic acid of any cone, may be completely decomposed by hydrogen 
sulphide at any temp, over — 10 h The rate of reduction increases both with the 
temp, and with the cone, of the acid. A 10 per cent. soln. of seienic acid at 45" is 
completely decomposed by tlry hydrogen sulphide in 131- hrs. The reaction is 
symbolized : ; and the sulphur dioxide then reacts 

with the hydrogen sulphide depositing sulphur. This makes the reaction 
3H2S-r-H2Se04==4H20-^Be— 35. The reaction, however, is still more complex — 
ride ih/ra, sulphur dioxide. L. 31. Dennis and J. F. Roller, and A. E. H. Tutton also 
said that hydrogen sulphide and seienic acid always yield selenium or selenium 
sulphide ; but H. W. Stone found that seienic acid — ^freed from selenious acid — 
after dilution to a 5 per cent, or lower cone., can he subjected to a rapid stream of 
hydrogen sulphide without showing the slightest trace of a yellow* coloration. 
E. 3Iitscheriich reported that sulphur dioxide has no action on seienic acid, but 
E. B. Benger said that the seienic acid is reduced by a reaction : H.2Se04-b3S02 
2H20=3H2S04-rSe, which really takes place in two stages : H2Se04-bS02 
™H2S04-r5e02. uad Se02-b2H20*-f 2S02=5e-r2H2S04 — selenium dioxide has 
been isolated in the intermediate product. When the sulphuric acid has attained 
a certain cone., the reducing action ceases, but when the soln. is diluted, the reaction 
can proceed to completion. According to C, A. Cameron and J. 31acallan, solid 
seienic acid is soluble in cone, as well as in fuming sulphuric acid ; while setenimii 
reacts with anhydrous seienic acid in the cold. The selenium dissolves in the acid 
with production of an intense green colour. The presence of a minute quantity of 
water prevents the colour from developing fully until the acid is warmed. The 
acid is capable of dissolving a considerable quantity of selenium. If kept in a closed 
vessel the colour thus produced is very permanent, being unaffected for months 
during summer weather, but if the acid be heated to 75*^ the colour disappears, and 
the seienic acid is found to be partly reduced to selenious acid. Addition of water, 
when the colour has developed, throws down a voluminous red precipitate of 
selenium, and exposure to the air in an open vessel for a few minutes is sufficient, from 
the same caurc, to change the green colour to the red. E. B. Benger also observed 
that selenium, at room temp., reduces seienic acid at all cone., and more rapidly at 
more elevated temp. Cone. soln. are more readily atta^ed than dii. soln. 
€. A. Cameron and J, Macallan found that dioxMe dissolves in hot, 

anhydrous seienic acid, but the greater part crystallizes out again on cooling. There 
is no evidence of the formation of an acid analogous to dithionic acid. It was also 
found that tdlinilliii, like selenium, reacts with anhydrous seienic acid in the cold 
with jcoduction of a purple-red colour. Even when the acid is not perfectly 
anhydrous, ir will still give a coloration in the cold. The compound thus formed 
is probably very unstable, since the colour disappears at so low a temp, as 19®, the 
seleiiie acid being partly reduced to selenious acid. If w-ater !)e added when the 
colour has developed, tellurium is thrown down in sooty flakes, and exposure to 
moist air produces the same effect — tellurium sulphotrioxide. 
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h]. C. FraiiVliii and C. A. Kraus found that, ^etenic acid is ifisoliihie in liquid 
ammonia. P- Jaima.scii and W. Heimann observed that when selenic acid is 
boiled with the hydrochbride of hydiosylamine, it is quantitatively reduced to 
selenium ; and A. Gutbier noted that selenic ‘acid is slowly reduced by phenyl 
hydrasdne with cold, and rapidly m boiling soln. A cone, alcoholic soln. of selenic 
acid forms an addition compound with phenyl hydrazine. Y. Lenher and 
J. H. Mathews found that nitrogen peroxide reacts with cone, selenic acid, cooled 
with solid carbon dioxide, forming nitrosylselenic add, (^0)2^e0^~~vide 8 ^ 4 : 9 . bo. 
L. Eosenstein said that red phosphorus reduces the selenates either to the element 
or phosphide. For the action of phosphorus pentosdde, ride supra, selenium tri- 
oxide. C. A. Cameron and J. Macallan observed that anhydrous selenic acid reacts 
violently with phosphorus pentacMoride in the cold; and with phosphoryl chloride 
when warmed slightly — the reaction is attended by the copious evolution of gas, 
and reduction to lower compound. 

M. Dubinin studied the adsorption of selenic acid by carbon. According to 
C. Fabian, cone, selenic acid reacts with alcohol with the evolution of heat, forming 
ethyl selenate, and E. J. Elliot studied the action of the acid on methyl alcoliol. 
C. Chabrie observed that benzene reacts with selenic acid, and C. I. Istrati obtained 
what he believed to be phenyl selenide as a product of the action ; H. W. Doughty 
and F. E. Elder also observed a slow reaction between toluene and selenic acid. 
F. W. 0 . de Coninck and E. Chauvenet observed that formic acid when boiled wuth 
selenic acid produces a dark reddish-brown precipitate of selenium ; and similar 
results were obtained with oxalic, malonic, and pyruvic acids. The precipitate 
resembles that produced by the action of sulphur dioxide on selenic acid. Neither 
acetic acid nor succinic acid reduces selenic acid. A. B. Lamb found that 
selenic acid is energetically reduced by acetyl chloride at 0 °. 

E. Mitscheilich found that warm, cone, selenic acid dissolves copper and gold, 
hut not platinum, forming selenious acid ; and it dissolves zinc and iron with the 
liberation of hydrogen. H. Hradecky found that alloys of gold, and silver, and of 
palladium dissolve in selenic acid ; and that with platinum and silver alloys, the 
silver passes into soln. leaving the platinum undissolved. H. N. Warren mentioned 
the possible efiect of selenic acid as an impurity in the nitric acid on the parting 
process in the assay for gold. According to F. Hundeshagen, gold is dissolved by a 
hydrochloric acid soln. of selenic acid. A. E. H. Tutton found that iron in contact 
with selenic acid becomes covered with a film of selenium which greatly retards the 
reaction and renders this method practically useless. - No hydrogen is evolved, and 
the formation of the selenium would appear to be due to the reducing action of 
nascent hydrogen on the selenic acid, 6H+H2Se04=Se-f-4H20. The net result 
of such slow action as occurs may therefore be represented by the equation 
3 Fe-f ffl2Se04=3FeSe04-f Se+fflgO, When the iron is replaced by zinc, hydro- 
gen is given off, and very little reduction of selenic acid occurs. In the case of 
m^nesium, hydrogen is also evolved, but reduction takes place to a considerable 
extent. 0 . A. Cameron and E. W> Davy found that when selenic acid is heated with 
an excess of mercury, mercury selenite is formed : Hg-f H2Se04=Il20+HgSe03 ; 
with an excess of selenic acid, the mercury selenite first formed reacts with the acid, 
forming mercury selenate. K. Hradecl^ showed that pEtladium, like gold and 
silver, dissolves completely in selenic acid. Dissolution occurs at ordinary temp, 
when the metal is in the spongy condition or when it is finely divided if a 67 per cent, 
acid is used. When the coherent metal in the form of foil or wire is used, soln. only 
occurs very slowly, even on heating. A deep, reddish-brown soln. is produced, 
which on concentrating gives a mixture of pailadous selenate and selenious acid. 
K. Hradecky also found that cold selenic acid has no appreciable action on ; 

at about 1 20 “, however, the metal is dissolved to form a colourless soln. wliich contains 
selenious acid and osmium tetroxide but no selenate, Selenic acid acts as a (Lbasic 
acid, forming normal selonates, E2^Se04, and byto^l^nates, liFHSe04 ; it also 
forms a number of complex salts ; and also mixed salts — selenatosulphatess 
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selenates. 

E. R. le Ge}"t urrl H R. LYV* ..t.. , 

dilor^selenic ac>l r^iir^r h : 7 ir •-> . -x' t' . :■ "xi perselesic acM, F: r- Y’ 

col^fur is vTi'pduf^e.l ^v:rL i*x -iFax.x/ -.xx ' erzxirxe. L. 31. I’jer. F i’" ; 
J. P. KfiHer electrxYzf^ 1 - ' i af : , xr.d : =eYn‘: .avl, ';n 

ciitions most faT^'inrax!^ tr« fue fjcii. rr'i^z t .a.Li.'C‘Xis -- 

perszlpliate or xer^aiprizriv a 'I'i in r » . 0 ^.' *am- t.!.” r: L- at.' -n * 'f t 'a* Ynn ^ 
of a |,€r<€ienatf' xr ^er^eieri. ‘i:i ^ E. 3pLior niferrex t3;*: :-•* r 

electroivsi'. of a ^oln. ->f heir: ate x-r laa'je^ n- l a.ixce, an i ' t "/e f,..ct tL .: '-n^'o. 
acid 15 an uxidizlaj aaent towar-Y njdr'' jhi'»r:c and, a oer^enn.: tcni >jz tne n.rixx- . 
HsSeO^ oaniniT exi-ti L, 3L Dern:> anl W. Br 'Tt: ' renare 1 potamiim |mr- 
selenate, K.ptx>€^,H. ioc tne eieetr^jAnis uf a 'it. 'oln. t d ]_jnas'/n::i '^rlenate crjntair.ina 
a little free seieixic as id : platinunr electro. ie** are eintfovcd. and tLe te:nn. A kein 
at ltd Tne salt n^at been i/otained free fr''»n. the -'eleridte. tne iiiznest nercentaze 
of jierselenate in rbe product being 7144. Ptoas^Ium per^ei^^nate. voL^^n n^x. 
converts manganese dioxide into potassium permanganate, and rapidiv oxidize' 
ferrous and tnald jus .'ulphates in the cold. When an aq. soln. uf the 'ah is tvarme' I, 
oxyzen is evolved. They were iinal de to prepare tlialloTis perselenate frc-n: pot a^'inm 
per'^elenate and thalious sulphate because of the oxidation of the thailous buii'hate 
in the cold. 
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41- 951, 1919 ; E. Mulder, A*ec*. True. Chim. Pays-Bas, 22. 387, 1903. 


§ 12. Selenates 

Rectangular plates of normal ammonium selenate, (NH 4 ) 2 Se 04 , were obtained 
by J. W. Retgers ^ from a soln. of selenic acid neutralized with ammonia or treated 
with a slight excess of ammonia ; the salt was also made by C. von Hauer, and 
A. E. H. Tutton. E, C. Mathers and co-workers obtained ammonium selenate by 
the action of ammonium carbonate on barium or lead selenate. C. von Hauer 
said that the rhombic crystals are isomorphous with those of ammonium sulphate. 
H. Topsoe found that the crystals belong to the monoclirdc system, and have the 
axial ratios a:h : c==l‘2065 : 1 : 1*9013, and ^8=64® 27', and be added that the 
crystals are not related to those of ammonium sulphate; A. E. H. Tutton 
gave for the holohedral monocbnic crystals 1*8900 : 1 : 1*1987, and ^==64'' 31'. 
C. F, Rammelsberg suggested that ammonium selenate must be dimorphous, one 
form being isomorphous with ammonium sulphate, but J. W. Retgers could not 
support this hypothesis. A. E. H. Tutton tried crystallizing the soln. at various 
temp., but obtained only the monoclinic form ; and similar results were obtained 
with soln. of the salt in glacial acetic acid. A. E. H. Tutton showed that the 
rhombic crystals obtained by C. von Hauer gave a sp. gr. corresponding with the 
presence of 27 per cent, of rhombic ammonium sulphate, and that the ammonium 
selenate in the isomorphous mixture takes on the rhombic form. * Some acicular 
crystals in Q. von Hauer’s preparation are monoclinic. It is hence concluded 
that ammonium selenate is dimorjjhous, and the solid soln. winch the selenate 
forms with the sulphate are isodimorphous. The crystals may be prismatic, acicular 
or tabular, twinning is common on a plane per|)endicular to the normal to (001). 
The (100) -cleavage is perfect; the (001)- and (OlO)-elcavages are m>t as complete. 
Tlie optical axial angles are : 


LMiiiO. 


Xrt-liiie. 

TMini*. 

F-Ibu*. 

59 M' 

5r22' 

60 ’ 44' 

6r:i3' 

62-29 

37^ 10' 

37 ' 19' 

37'’ 5 Y 

38 ‘ 22' 

38 ' 44' 


J. W- Retgers gave 2*197 for the sp. gr., and O, Pettersson 81*45 for the mol. vol. 
A. E. H. Tutton gave 2*19 1 for tlie sp. gr. at 20°/4'’, and 81*12 for the moL vol. The 
topic axis ^ ^ -4*5939 : 4 2968 ; 5*1506. H. Bchriider also made some observa- 
tions on the mol. vol A. E. H. Tutton gave for the refractive indices at ordinary 
temii.— say 10® ; 
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Li-Iiii'*. 

< '-liiiP. 


Ti-iiiiP 

F-liiif' 

ff-iine. 


a . 


J-5571 

1*5607 

1*5641 

1*5687 

1*5752 

10 

a . 

1 5oS4 

]*5594 ' 

1*5630 

1*56G5 

1*5713 

1*5781 


7 . 

i m79C) 

1*5306 

1*5846 

1*5885 

1*5935 

1*6005 


a . 

1 5556 

1*55G3 

1-5599 

1*5637 

1*5682 



80" - 

6 . . 

l-55t(l> 

1*5568 

1*5605 

1*5643 

1*56S9 

— 


i 7 - - 

1-5704 

1*5773 

1-5352 

1*5852 

1*5900 

__ 


1 a and i5 

1*5553 

1*5561 

l*Ot>9S 

1*5636 

1*5682 



1 7 . 

1*5157 

1*5765 

1*5804 

1*5843 

1*5890 

— 


The birefringence y—a is tlierefore 0*0235 for Li- and C-Iight ; 0*0239 for Naliglit ; 
0*0244 for the Tl-Iight; 0*0248 for ^'-iiglit ; and 0*0253 for 6r-ligiit. Tlie sp. 
refraction for ilie C-ray is a--0*1468, j8— 0*1473, and y=0*1519; and for the 
6'-ray, a ^^0*1507, ^8“0*15I4. and y— 0*1561. The mol. refractions, respectively, ])y 
tlie /x2- and the p, -formula, are a— 26*13 and 45*22; ^=26*22 and 45*41 ; and 
y~27*03 and 47*13 for the C-ray. The indices of refraction for soln. containiiig 
48*20 and 43*88 per rent, of salt in soln., and having the respective sp. gr. 1*3627 and 
1*3248 at 20" 4", are : 

Slj gi Li-Iiiie. N’a-liiif. Tl-line, /’-lint*. O'-liuc. 

I-StWT . 1-4.0G- 1-4073 l-4()ns 1-4122 1-4154 1-4198 

1 4348 . . ]-4i)90 1-49S>G 1-4020 1-4034 1-4073 1-4114 

and the mol. refractions of the salt in soln. are 46*84 and 46*74 respectively. 
C Schaefer and M. Schubert examined the rejection ultra-red spectrum. 
A. E. H. Tutton found that water dissolves rather more than its own weight of salt 
at ordinary temp., and nearly twice ixs weight is dissolved by boiling water. 100 
parts of water dissolve 117 parts of salt at 7^ ; 164 parts at 59° ; and 197 parts at 
100°, so that the solubility is slightly greater than that of potassium seienate, and 
nearly twice as great as that of ammonium sulphate. The super-solubility curve 
is derived from 142*5 parts of salt in 100 parts of water at 25° ; 130*22, at 19*5° ; 
126*8, at 16*2° ; and 121*35, at J°. The super-solubility curve thus runs nearly 
parallel with, and very close to, the solubility curve at the lower temp, in the 
neighbourhood of ordinary temp,, and that the two curves diverge from near 20° 
onwards at an accelerating rate. Hence at the ordinary temp, there is but a very 
narrow range of metastability between the unsaturated and the labile condition, 
while the range is considerably greater at a warm summer temp. Alcohol, and 
acetone do not appreciably dissolve the salt ; but it is freely soluble in glacial acetic 
acid. C. A. Cameron and E. W. Davy found that all the hydrogen atoms can be 
displaced by bivalent mercury ; and when ammonium seienate is heated, it loses 
ammonia and forms a mmo nium hydroseienate, NH^fHSeO^). H. Topsoe prepared 
the hydroselenate by adding an excess of selenic acid to an a(][. soln. of ammonia ; 
and cooling the liquid. The crystals are usually columnar, and rarely tabular. The 
sp. gr. is 2*162. When heated, the salt decomposes into selenium, selenium dioxide, 
'water and nitrogen. 

E. Rimini and G. Malagnini prepared iiydrazme seienate, N 2 H 4 .H 2 Se 04 , by 
mixing a soln. of a mol of selenic acid (sp. gr. 1*4) dissolved in 2 vols. of alcohol with 
a mol of hydrazine hydrate (50 per cent.) in 4 vols. of alcohol at 0°. The salt, after 
filtration, is washed with alcohol, and ether. The salt is not very stable when dry ; 
it burns when heated, and if in large masses it may explode. The salt is freely 
soluble in water ; and the mol. of salt in aq. soln. is N 2 H 4 .H 2 Se 04 , The strongly 
acid aq. soln. soon becomes red owing to the separation of selenium. It forms a 
complex salt with copper seienate (q.v,). J. Meyer and W. Aulich also observed 
that hydrazine hydrate and dil. selenic acid furnish colourless hydrazine hydro- 
selenate, which is not decomj)osed by boiling water. When dry, it is caused to 
explode with unusual readiness by heat, shock, or gentle trituration. It explodes 
violently on contact 'with hydrochloric acid vapour so that in analytical practice, 
selenic acid and selenates should be reduced to selenites by hydrochloric acid 
before hydrazine hydrate is added. 
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H. Topsoe prepared lithium S6l6iiat6> LiSe04.Hj^0, in small colourless crystals 
isoinorphoiis Avitli tUe correspondiiig sulphate, LiSO^.H^O. V. Leuher and 
E. J. Weehter obtained the salt by roasting the 
selenide in air, and by roasting the corresponding 
carbonates with selenium or selenium dioxide. 

The axial ratios of the monoclinic crystals are 
a:h: c=l-6022 : 1 0*544:2, and 32'. The 

(101) -cleavage is complete, 0. Pettersson gave 
2-565 for the sp. gr. ; H. Topsoe, 2*439. C. Schaefer 
and M. Schubert examined the ultra-red reflection 
spectrum. M. Born studied the pyroelectricity of 
this salt. According to H. Topsoe, the crystals 
are stable in air, and readily soluble in water. 

E. Mitscherlich, 0. Pettersson and G. Ekman, and 
H. Topsoe made sodium selenate, bra2Se04, and E. Mitscherlich found that the 
anhydrous salt crystallizes from its aq. soln. when the temp, exceeds 

V. Lenher and E. J. Weehter obtained the salt as in the case of lithium selenate ; 
J. Meyer and K. Heider oxidized selenium dioxide by sodium dioxide, and 
E. Muller used an electrolytic process — vide selenic acid. P. Niggli gave 2*32 for 
the sp. gr. R. Metzner gave for the heat of formation in soln., 260 Cals., and 

W. Gr. Mxter, (Se03,Na20) =105*3 Cals. C. Schaefer and M. Schubert observed 
the ultra-red reflection spectrum. P. Walden found the electrical conductivity of 
a soln. with a gram-equivalent of the salt in v litres of water at 25® to be : 


60 ° 80 ° 

Fig. 53. — ^The Solubility of So- 
dium Selenate in Water. 


32 

93*5 


64 

98*9 


128 

103*8 


256 

107-2 


512 

109-9 


1024 

112*5 


E. Mitscherlich, C. von Hauer, and H. Topsoe observed that if the aq. soln. be 
allowed to evaporate spontaneously, the decahjdratey Na2Se04.10H20, is formed in 
large crystals isomorphous with the corresponding sulphate. The equilibrium 
conditions in aq. soln. are indicated in Fig. 53, which is based on the solubility 
determinations of R. Funk. Representing the solubility, S, by the percentage of 
anhydrous salt in the soln., and by the mols of anhydrous salt in 100 mols 
of water : 

0 “ 15 ® 25 - 2 ® 30 ® 25 - 2 ® 50 ® 75 ® 100 ® 

8 . . 11-74 25-01 36-91 44*05 45*47 44*49 42*83 42-14 

Sm . . 1*26 3*18 5-57 7*50 7*94' 7-63 7*14 6*93 


Solid phase KaaSeO^.lOHjiO 

There is thus a transition point at about 
for the transformation temp, of sele- 
nato-Glaubef s salt to selenaio-tlienardite ; 
and A. Smits and W. M, Mazee, 30*8®, 
and —2*8° with 0*2 per cent. Na2Se04, 
for the eutectic, and they gave for the 
concentration, S, qf a sat. soln. in molar 
percentages of Isra2Se04 : 


Na^SeO^ 

32®. J. Meyer and W. Aulich gave 31*8® 


76 ® 

86 * 

107 ® 

232 ® 

262 ® 

6*7 

6*5 

6*4 

6-4 

6*5 

269 ® 

274 ® 

333 ® 

372 ® 

777® 

6-6 

6*7 

7*6 

8*3 

100 



The results are plotted in Fig. 54. 
They also found the triple point to be 
at 777®--Fig. 55, c/ 1 . 10, 1, Fig. 2. 
H. Topsoe found that the monoclimc 
crystals have the axial ratios a:b : c= 
(lOO)-cleavage is complete. The sp 


Tiq. 54. — ^High 
perature Solubility 
of Sodium Selenate. 


Fig. 55. — Equili- 
brium Curve of 
Sodium Selenate 
and Wai-er. 


M059 ; 1 : 1-2384, and j8=107“ 54' ; the 
gr. 1-584 refers to crystals which had 
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iiickisiuiiH of the iitetlier-lhj_uur ; uini 0. Petter'-oL ium^d l'6t^3"l'621 for tiie i:r. 
H. Topsoe found the ^elt to he freely -oluble in water, and to be ]froiie to funn 
supersaturated soln. 3L Born the ]^yr< ^electricity t4 iitMnm soiilllE 

selemte, LiXaSe04.6Ha0. 

E. Mtscherlicli made pota^imi seleaate, K 2 Se 04 . hj fusing seieniuus acid or 
lead seiemde with potasAiini nitrate : Y. Lenher and E J. Y echter used the process 
indicated above in connection with lith’um selenate : and E. Miiller, the electro- 
oxidation procc'-’s— r/de supra, A. E. H. Tutton found that it i- dilhrult to 
crystallize solii. of the alkali selen^tes in the open air under the ordinary moi&t 
conditions of the atim : and Le recommended cr}’siallizing the soln. over sulphuric 
acid under reduced press. The putassiiim salt is generally dej^osited in large gruii|:N 
of much striated and distorted crystals, most frequently in irregular triplet'-. 
E. Mitscherlicli said that the crystals are rhombic ; H. Topsoe measured the 
axial ratios and A. E. H. Tutton gave a : L ; c==0'57Sl : 1 ; 6-7319. H. Topsoe 
and C. Christiansen found tlieTleavage to be ])arallel to the (010)- and (0}i)-planes. 
The topic axes are x ’ ^ ‘ <0—0-5731 : 1 : 0 7319. E. Kochholni and X. Sclionfeldt 
found that the rlioiabic crystals are isoinorphous wdth those of jiotassium ehru- 
niate and sulphate. Tli^ unit ci*Il of the space lattice contains 4 niols. and lias 
a =7*60 A., 5=10*40 A., c- 0H)2 A. A. E. H. Tutton found that the optic axial 
angle 



Li-iino. 


Xa-iiui". 

Ch-lliu*. 

i'-line. 

2E . , 

. 145" 12^ 

145" 20' 

146® 53' 

148° 36' 

150® 13' 

2Ba . 

70" 25' 

70"^ 21' 

70® 24' 

09" 51' 

69° 35' 

2Ho . 

03' 24' 

93" 31' 

92° 52' 

92® 20' 

01° 47' 

2Va . 

70" 40' 

76® 47' 

76° 50' 

76- 53' 

70° 57' 


The effect of temp, on the optic axial angle is slight. The optical character is 
positive. 0. Pettersson gave 3*074-3*077 for the sp. gr. at 21® ; H. Topsde, 
3*062 ; P. Xiggli. 3*067 ; and A. E. H. Tutton, 3-0657 at 2074®. The moL voi. 
given by 0. Pettersson is 71-91 ; by E. A*. Hengiein, 7T67 ; and by A. E. H. Tutton, 
72*02. The sp. gr. of soln. -with 35*76, 4T79, and 50-00 per cent, of K 2 Se 04 are 
re.specti vely 1*3591, T3485, and 1*5590 at 20®/4®. A. F. Halliniond discussed the 
mol. volb. of the isomorphous series. The indices of refraction given by 
A. E. H. Tutton are : 



1 ^ 

Li-line. 

. i-5320 

C-line, 

1-5325 

X^a-line. 

1-5352 

Th-line. 

1-5383 

P-Iine. 

1-5421 

G-iint*. 

1-5478 


IT U . 

. 1-5357 

1*5342 

1-5390 

1-5421 

1-5460 

1-5517 

Solid 

i r . 

. 1-5413 

1-5418 

1-5446 

1-5478 

1-5518 

1-5576 

i a 

. 1*5276 

1*5281 

1*5310 

1-5341 

1-5378 

1-5440 


1(^0" ' 8 

. 1*5307 

1*5312 

1*5340 

1-5371 

1-5411 

1-5467 


* i 7 * 

. 1*5353 

1-5358 

1-5387 

1-6418 

1-5658 

1-5520 


1 -359r» sp. gr. 

. 1*3773 

1-3778 

1-3801 

1*3819 

1-3846 

1-3883 

Solfi. 

\ •4i70sp.gr. 

. 1*3801 

1*3806 - 

1-3888 

1-3907 

1-3936 

3-3975 


1 *5000 s[?, gr. 

. 1*3988 

1-3002 

1-4015 

1-4038 

1-4067 

1-4105 

Observations were also made by H. Toj)sde 

and C. Christiansen. 

A. E. H. Tutton 


gave for the sp. refraction with the f(_,y the (7-line a=0*10i8, ^—0*1012, 

and y =0-1027 ; and for ihe inoL refraction, respectively 22-48, 22*35, and 22*67, 
and mdtii the pt-formula, respectively 38*65, 38*38, and 39*05. The sp, dispersions 
pLq — are respectively 0-CX)24, 0*0024, and 0*(X)25, and the mol. dis}>ersioBs 
res|>ectivcly 0-54, 0-53, and 0-5.5. C. Bchaefer and M. Bchiibert measured the 
ultra-riHl reflection spectrum. A. E. H. Tuttcai found that 1(X) grms. of water at 
12® dissolve 1 15*0 grnis- of the salt ; and A. iStard gave 110*5 grins, at 0° ; 112*8 
grnis. at 20'' ; and 122*2 gnns. at KX)" ; and he represented the solubility, >8, at S° 
between —20'' and ICKY by X=52-f-0*025^. J. Meyer and W. Aulich gave for the 
fsereentage solubility, S : 

20“ IP 2U“ 40=* eo® SO" 

. . 51*5 51-8 52-0 53*5 54*2 54-8 65*0 
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where the solid is throughout K^SeO^. The mutual solubility curves of sodium and 
potassium seienates shown in Fig. 56, at 25°, give no evidence of the formation 
of a complex salt. A. E. H. Tutton obtained isomorphous mixtures wnth a m YT} «f^ y>inTn 
selenate. 0. Pettersson, and A. E. H. Tutton prepared rubidium selenate, Ebc,Se04. 
The salt is obtained in colourless crystals by evaporating over sulphuric acid in 
vacuo a cone. soln. of the carbonate in selenic acid. V. Lenher and 
E. J. Weehter obtained rubidium selenate as in the case of the lithium salt. 
According to A. E. H. Tutton, the rhombic crystals have the axial ratios 
a : h : c =0*5708 : 1 : 0*7386. The cleavage is like that of the potassium salt. The 
topic axes are x • ^ • m=0-5909 : 1*0355 : 0*764:6. The optic axial angles are : 



Tji-Iiae. 

C-line. 

Na-Hne. 

Th-line. 


. . 

. 120® 25' 

120° 34' 

121® 20' 

122® 3' 

122° 49' 

ma . . 

64® 2' 

63® 58' 

63® 44' 

63° 27' 

63° 8' 

mo . . 

101® 0' 

lol''' 0' 

100° 40' 

100° 11' 

99® 44' 

2Vu . . 

68® 56' 

08° 55' 

68° 53' 

68° 51' 

68® 49' 


The angle 2E becomes aliout 6° greater for 100° rise of temp. The optical character 
i.s j)ositive. The s}). gr. is 3*8995 at 20°/4°, and the mol. vol. 80-32. P. Niggli 
gave 3*1902 ; O. Pettersson, 3*896-3-94:3 at 18°-21°, and the mol. vol. 79’97. 
F. A. Hciiglein gave 79*9 A A. E. H. Tutton found that the sp. gr. of 
40*60 and 47*07 per cent. soln. are respectively 1*4688 and 1-5806. A. F. Halli- 
inond discussed the mol. vols. The refractive indices at about 20°, and 100° are ; 



1 20° 1 

1 a . 

^ * 

Solid J 


^ y • 

1 

1 100° 1 

1 "" 

^ • 


^ 1 

y • 

Soln. 1 
i 

\ 1*4688 sp. gr. 
! 1*6800 sp. gr. 


LHine. 

(7-line. 

Na-line. 

1*5482 

1*5487 

1*5516 

1*5504 

1*5509 

1*5537 

1*5549 

1*5554 

1*5582 

1*5450 

1*5455 

1*6478 

1*5469 

1*5474 

1*5497 

1*5501 

1*5606 

1*5529 

1*3746 

1*3760 

1*3772 

1*3842 

1*3846 

1*3865 


Tl-line. 

F-lme. 

O-lijie. 

1*5647 

1*5586 

1*5646 

1*5570 

1*5609 

1*5668 

1*5615 

1*5655 

1*5715 

1*5509 

1*5546 

— 

1*5527 

1*5564 

— 

1*5560 

1*5597 

— 

1*3795 

1*3820 

1-3860 

1*3888 

1*3915 

1-3954 


The sp. refraction w 


ith the /x2-formula for the (J-line is a=0-0819, ^=0*0816, and 


y =0*0825 ; the respective mol. refractions are 25*64, 25*55, 
mol. refractions with the ^-formula are respectively 44*28, 
44*10, and 44*64 ; the sp. dispersions /tq — / xc are all 0-0019, 
and mol. dispersions 0*61. The solubility at 12° is represented 
by the dissolution of 158*9 grms. of rubidium seleipLate in 
100 grms. of water. A. E. H. Tutton obtained isomor- 
phous mixtures with ammonium selenate. 0. Pettersson, 
and A. E. H. Tutton prepared caesium selenate, Cs^SeO^, 
by the method used for the rubidium salt. V. Lenher and 
E. J. Weehter obtained csesium selenate as in the analogous 
case of lithium selenate. The axial ratios of the rhombic 
crystals are : 5 : c =0*5700 : 1 : 0*7424. The cleavage is like 
that of the j)otassium salt. The topic axes are x - ^ ^ 
=0*6159 : 1 *0806 : 0*8022. The optic axial angles are : 


and 25*83: the 



Fig. 56. — ^Mutual 
Solubilities of 
Sodium and Po- 
tassium Sole- 
nates. 


Ji-liiie. 

2.B ... 135® 0' 

. . . 70® 08^ 

2/^/o . . . lOr 5' 

2r« ... 73® 29^ 


C'-linc. Na-Jine. 

134® 40' 132® 20' 

70® 3' 68® 9' 

101 ® 8 ' 102 ® 8 ' 

73® T 71® 49' 


Th-Une. O-line. 

130® 40' 128® 20' 

67® 3' 65® W 

103® r 104® V 

70® 18' 68® 68' 


Within the range of temp, of 280°, the first niedian line is parallel to each of the three 
optic axes a, ?>, and c in turn ; and the plane of the optic axk crosses from c(001) to 
fc(OlO), so that the crossing at 95° is accompanied hy a temporary assumpton of 
uniaxial properties ; the birefringence changes fcom negative to ^sitive, and tnen 
from positive to negative ; the angular change in the mutual positions of the optac 
axis between these temp. limits is over 200°. The optical character is negative. 
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P. Niggli gave 4456 for the 6U, gr. ; O. Petterssun, 4-34 lor tlie sp. gr.. and 54-5 
for the mol. voL A. E. H. Tutton gave 4452S at 20“^ 4“ for the sp. gr., and 9P67 for 
the mol. voL F. A. Henglein gave 91*09 for the moL to!. A, F. HalEmond dh- 
cnssed the moL vols. A. E. H. Tutton found the sp. gr. of soln. with 45-94 and 
53*43 per cent, of the salt were respeetiTelv 1-5841 and 1-7432 at 20^. The indices 


of refraction 

were : 











C-L-e. 

Xa-IiiiC, 

Th-liae. 

JF-Ilne. 



i 

a 

. 1-5950 

1-5955 

1-5989 

i-6024 

i-0070 

i-613S 


20 ' 

^ . . 

. l-5%0 

1-59C5 

1-5999 

1-6034 

1-60S0 

i-6l4S 

Solid . 

f 

7 

I-59b0 

1-5969 

1-6003 

1-60.38 

1-6084 

1*6152 

1 

a 

1'5S99 

i-59U4 

1-5930 

1*5075 

1-6021 




10 (r 1 

1 I 

^ - . 

. l-.jOol 

1-5906 

1-5941 

1*5977 

1-0023 




7 - . 

. 1-5013 

1-591S 

1 5953 

1*5989 

1*6035 

— 

Soln. -j 

1-5&41 

sp. gr. 

. 1-3S10 

1-3SU 

1-3S37 

1-3S57 

1-3882 

1*3910 

i-9432 

sp. gr. . 

. 1-3935 

1-3939 

1-3962 

1*3984 

1-41)12 

1-4052 


The sp. refraction with the p,--formula for the C-line are a=0-0765j ^=0*0764, and 
y=0*0765, and the mol. refractions 31*25, 31-19. and 31*23 respectfrely ; the mol. 
refractions with the jLL-formuIa are 54*76, 54*63, and 54-72 respective ij ; the sp. 
dispersions are all 0-0019, and the mol. dispersions 0*77. For the soluhilitv, 

ICH} grins, of water at 12^ dissolve 244-8 grms. of the salt. 

A solii. of normal potassium seienate mixed with an eq. amount of selenic acid 
and evaporated hv heat, or over cone, sulphuric acid, furnishes some tabular 
crystals of an acid seienate, and the mother-liquor deposits colourless crystals of 
potassixun hydroselenate, KHSe 04 , isomorphous with the corresponding sulphate. 
The salt was prepared by E. Mtscherlich, J. Meyer and Y. Stateezny, and 
H. Tops5e. The latter gave for the axial ratios of the rhombic bipyramids 
a:h: c=0*8680 : 1 : 1-9375. The optic axial angle is 2F=85“ nearly. B. Gossner 
gave 2*64 for the sp. gr. J. Meyer and Y. Stateezny prepared an unstable pota^mn 
pyrosdenate, K 2 [Se 03 (Se 04 )], from potassium hy^oselenate. It melts at 280^. 
J. F. Norris and Y". A. Kingman obtained hygroscopic crystals of rabMinm hyiro- 
selenate, EbHSe 04 , by adding to rubidium carbonate twice the amount of selenic 
acid necessary for neutralization. They are soluble in their weight of water ; 
and likewise also with, csesitim liydroselenate, CsHSe 04 , which furnishes large, 
flat plates with pointed ends, which are also very hygroscopic. G. Pellini discussed 
the isomorphism of rubidium hydroselenate with the hydrotellurate. 

E. Mitscherlich, H. Topsoe, and K. Metzner, prepared copper sdenate, CuSe 04 , 
from a soln. of cupric oxide or of a basic seienate in selenic acid — cupric oxide pre- 
pared by heating copper nitrate, dissolves with greater difficulty than the precipitated 
oxide. When the soln. is evaporated to a syrupy liquid, and cooled, it furnishes 
crystals -which can be dried on filter-paper, and recrystallized from hot-water. 
V. Lenher and C. H. Kao obtained a soln. of the salt by the action of the acid on the 
carbonate. H. Topsoe found that the resulting blue, triclinic, prismatic crystals of the 
pentdkydrate^ CuSe 04 . 5 H 20 , are isomorphous with the pentahydrated sulphate ; and 
they have the axial ratios a :h: c==0*5675 : 1 : 0*5551, and a==81° 58', 34', 

and}/=103° 11 ^. The cleavage is not distinct ; and the sp. gr. is 2-559. B. Metzner 
found that the heat of formation from selenic acid is 18-125 Cals., and from Its 
elements, 135-18 Cals. The molar heat of soln. is — 2*66 Cals. J, 0. Perrine observed 
no ultra-violet fluorescence when copper seienate is exposed to the X-rays. The salt 
is soluble in water ; a litre of the sat. soln. at 15° contains 257 grms. of salt ; at 35°, 
346 grois. ; and at 55°, 435 grms. A soln. of the basic salt in cone, selenic acid was 
found by E. Metzner to yield white or colourless plates of the dihyiraie, 
CuSe 04 . 2 H 20 ; and the pentahydrate, at 100 °, forms the numoliydrate, CuSe 04 .H 20 . 
C. Schaefer and M. Schubert examined the ultra-red reflection spectnim. 
L. M. Dennis and J. P. Koller obtained capper tekammiiu^leiiate, CUS 6 O 4 . 4 NH 3 , 
by passing ammonia through a soln. of 100 grms. of pentahydrated copper seienate 
in 125 c.c. aq. ammonia of sp. gr. 0*96. Clusters of deep-violet crystak were 
formed. The salt so obtained is the mmohydrate, CuSeO 4 . 4 NH 3 .H 2 O, and it can 
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be preserved over lime, but in air it becomes dull and gives ofi ammonia. The salt 
dissolves in water, forming a deep blue soln. It becomes anhydrous when kept for 
7 days over lime in a desiccator at 25 mm. press. If the monohydrate be kept 
14 hxs. at 20°, and then exposed to a slow' current of air at room temp, for 10 hrs. 
more, copper triamminoselenate, Ch1SeO4.3NH3.H2O, is formed. The dilution of 
the cone. aq. soln. results in the precipitation of a basic salt. R. Metzner found 
that a soln., sat. at 50°', decomposes at 70°, forming copper • osydiselenate, 
Chi(0H)o.2CuSe04.>zH20,w’hich when washed with cold water and dried consists of 
small pale green, monoclinic prisms of the tetmhydrate, Cu(0H)2CuSe04.4H20, 
or Cii(O.SeOo.O-CuOH)o.6H20, sparingly soluble in cold water. P. Bogdan obtained 
the trihydraie, Cii(0H)2.2CuSe04.3H20, or Cu(0.Se02.0.Cu0H)2.3H26, by heating 
a 10 per cent. soln. of normal copper selenate in sealed tubes at 240°-250° for 
.several hours. It forms minute, transparent, emerald-green, prismatic crystals, 
insoluble in water but easily soluble in acids. When heated at about 250°, the salt 
loses w'ater and decomposes with liberation of selenium. The fact that the salt 
does not lose water at 210° is not regarded as evidence that the water is not present 
in the form of ’water of hydration. W. Lange prepared copper tetramminoselenate, 
CuSeU4.4NH3.2H2O ; and also copper diethyldiammmoselenate. H. Topsoe found 
that a soln. of ammonium and copper selenates furnishes pale blue crystals of 
ammomnm copper selenate, (NH4)2Cu(Se04)2.6H20, w^hich are stable in air, and 
isoniorplious with the corresponding sulphate. The monoclinic prisms have the 
axial ratios a:h : c=0*7488 : 1 : 0*5126, and ^=105° 32-|' ; A. E. H. Tutton gave 
0-7476 : 1 : 0*5150, and /3--105° 30', and for the topic axial ratios 
=6-3868 : 8-4093 : 4-3308. H. Topsoe found the (201)-cleavage to be complete. 
A. E. H, Tutton found for the optic axial angles at 14° : 



JjMiiie 

C-Imc. 

Na*liue. 

Ti-Uae. 

Cd-line. 

l-liiie. 

2E . . 

91° 48^ 

91° 40' 

90° 50' 

89° 51' 

89° 22' 

88° 47' 

2Ha 

51° 15' 

51° 10' 

60° 28' 

49° 43' 

49° 16' 

48° 49' 

2Ho . . 

. 109° 41' 

109° 40' 

109° 32' 

109° 20' 

109° 13' 

109° 5' 

2Va . . 

55° 45' 

55° 42' 

55° r 

54° 31' 

54° 10' 

53° 48' 


The angle 2E increases 8° on raising the temperature from 14° to 70°. H. Topsoe 
found the sp. gr. to be 2*221. A. E. H. Tutton gave 52*223 at 20°/4°, for the 
sp. gr., and 220*64 for the mol. voL J. A. Groshaus made some observations on 
this subject. The indices of refraction found by A. E. H. Tutton are : * 



C-lme. 

Xa-liae. 

Tl-liiie. 

Cd-line. 

J’-line. 

(?»line. 

1-5161 

1-5166 

1-5201 

1*5235 

1*5256 

1-5278 

1-5342 

1-5304 

1-5309 

1-5344 

1-5379 

1*5402 

1-4424 

1*5488 

1-5347 

1-5352 

1-5337 

1*5423 

1*5446 

1*5669 

1-5334 


H. Topsoe and C. Christiansen made some observations on this subject. 
A. E. H. Tutton found that at 70° the refractive indices increase by about 0-0018 
for a rise of temp, of 60°. The mol. refractions for the 0-line by the jLt-formula for 
a, jS, andy are respectively 113*98, 118*14, and 118*09 ; and the sp. refractions by 
the ju^-formula, 0*1360, 0-1390, and 0*1401 respectively; the mol. refractions 
66*71, 68*25, and 68*71 respectively ; the sp. dispersions are all -jLfcG=0-0039 
and the mol, ‘dispersions respectively 1*89, 1*91, and 1*94. C. von Hauer 
found that the salt cannot be dehydrated without decomposition. J. Ferguson 
found for the equilibrium press, for the reaction : (NH4)2Cu(SeO4)2.0H2O 
^(NH4)2Cu(Se04)2.2H20+4H20 : 

25*“ 30 C® 40 0® 50-8=* 60-3® 70-4" 

Press. . . 2-8 7-5 10-G 26*3 48-5 GO-8 mm. 

I. Rimini and G. Malagn ini made hydrazine copper selenate, (N 2 H 5 )Cu(Se 04 } 2 . 

isomorphous with the corresponding sulphate. It gradually decomposes when 
kept. R. Ripan prepared a nuixxber of copper pyridinoselenates. E. Mitscherlich 
prepared potassitun cnpric sdlenate, ^ ^ similar way. H. Topsoe 

showed that the monoclinic prisms have the axial ratios a :h : c =0*7489 : 1 : 0*5230, 
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and ¥/ ; A. E. H. lutron .uve 0*75^jS : 1 : u%ji4:3. and ^3^1(4' 

topic axial ratios are ^ • w=S'lSi9 : 6-233S : 4-234:7. H. Topsoe f jiind t 


(20i) -cleavage is di 

istinet. A. E. H. Tutton gave 

■ for tie op'tic axial an 

ale*’ : 


Li-iir. . 

t'-Lii. . Xj-.i!.’-. 

Cd-Lnj. 

i. T* 

2ffa . 

79 33 

79' 2s' 7",' 5H’ 

7<- 17' 7S= 3' 

77- f,,; 

2mj . 

sl" 3tr 

SI- 33' 

33' SI" 33 


2ra . 

88- 49' 

bb- 46' S8' 27' 

■bS' 3' sT' 55' 


The angle 2£ is imusible in air owin^ to tie magn 

itude of the true ande 

. RT'T. 

found for the sp. sr. 2-527. A. E. H. Tutton uave 2-539 at 2u' 4°, and 

fur tl*- n. 

Tol, 209*66 

. The 

indices of refractiun are : 




li-Ime, 

C-iine. Tl-Iir-e. 

< d-iinp. E-hu‘% 

P-Il*:-. 

a 

1*5063 

l*5oOS l'5iOl 1-5132 

1*5150 1*5171 

i*523o 

^ . 

i*5lOO 

1*3195 1*522*> I-526ti 

I-52btj l*53<iS 

1‘53^‘a 

y 

1-53IU 

i*5317 1-5349 1-5386 

l-54tHJ 1*5428 

i-53vi 


The refractive indices diminish by about 0-0(j2U for a ri«e of temp, of rjo . 
H. Topsbe made >onie observations ou the indices of refraction. A. E. H. Tuttoi. 
gave for the a, y axes the s[j. dispersions [iQ—fic : 0-<X)31, 0-CH334. and 
respectively ; the mol dispersions, 1-08, 1*77, and 1-76 respectively; tie pp.. 
refractions for the C-line and theft^-formula, 0*1172, 0*1196. and 0*1220 respectively: 
the moL refractions 82*37, 63*69, and 64*94 ; and with the ju-formula, the mJi, 
refractions 106*26, 108*92, and 111*48 respectively. The crystals are stable in air ; 
they are sparingly soluble in water ; and when the aq. sola, is heated, a green 
crystalline basic salt is precipitated. J. Ferguson found lor the equilbriuin press, 
of the reaction K2Cu(Se04)2.6H20=K2Cu(&e04).2.2H20-rlH20 : 

251’ 'S2y 30-1'' -lo-r 50-7* Gl-7’ 

Press. . . il*8 21-7 36*5 55*3 79*9 137*2 mm. 

A. E. H. Tutton prepared mbidium copper seleiiate» Eb2Cu{Se04)2.6H20, from 
a mixed sola, of theoretical proportions of the component salts in the presence of 
a drop of selenic acid in excess. The monociinic, tabular crystals have the axial 
ratios a :b: c=0*7495 : 1 : 0*5066, and j8=104® 441 The topic axial ratios are 
a;=6-3179 ; 8*4295 : 4*2704. The cleavage parallel to the (201)-face ia 
perfect, and that parallel to (010) is good. The optic axial angles are : 



Li-liae. 

C-liae. 

Xa*liue. 

Tl-Ime. 

Cd-line. 


2E . 

. Sr- 17' 

85^ ir 

85° 49" 

86= 34' 

86° 55" 

S7° 25" 

2H& : 

. 48= 9' 

48° 9' 

48° 10" 

48° 11' 

48° 12" 

48° 12' 

2Ha . 

. 59^ 

109° 54" 

109° 15' 

108° 24' 

107° 55" 

107° 28' 

2r^ . 

. 52" 57^ 

52° 58" 

53° 11" 

53° 26' 

53° 35" 

53° 43' 


The optic axial angle 2E increases 12° as the temp, rises up to 70°. The sp. gr. is 
2*839 at 20°;'4°, and the mol voL 219*94°. The indices of refraction are : 

Li-3i!ie. CMint*. Xa-liae. Tl-Hne, Ctl-line. CAUbc. 

a . 1*5117 1*5122 1-5153 1*5185 1*5204 1*5225 1*.'>284 

# . 1-514U 1*5152 1*5283 1*5210 1*5237 1*5257 1*5317 

y . 1*5280 1*5280 1*5318 1*5354 1*5375 1*5390 1*5401 

The refractive indices decrease about 0-0020 for a 60° rise of temp. The sp. dis- 
persion for a, andy are respective]y/zof-~ftc=0-0028, 0-0028, and 0-0030, and tiie 
moL dispersion, T75, T77, and TS7 respectively. The sp. refractions for the C-line 
and the /i--formula are respectively 0*1057, 0*1063, and 0*1086 ; and the laoL 
refractions 66*^ 65*35, and 67*79 respectively ; and with the /x-forniula, respectively 

112*65, 113*32, and 116-26. J. Ferguson found for the eqiiilibritim press, of the 
reaction Eb. 2 CH( 8 e 04 ) 2 JH 20 ^Rh 2 eii(Be 04 ) 2 . 2 H 20 -f 4 H 20 : 

28'0® 4M’ 39-1^ 7i’S^ 

Press. . . 8*0 13*5 24-4 42-4 77-9 1024 mm. 

A. E. H. Tutton prepared cs^um copper sdenate* Cs.2Cu(Se04).^.6H.>(i as in 
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the case of the rubidium salt. The monoclinic, i^rismatic crystals have the axial 
ratios a : 6 : c=0*7398 : 1 : 0*4981, and ^=105° 42^. The topic axial ratios axe 
^ ^ : 6t>=6*4378 : 8*7022 : 4*3346. The (201)“Cleavage is perfect ; and the (010)- 
cleavage is good. The optic axial angles are : 



Li-liiK-. 

C-lim*. 

Na-lme. 


Cd-line. 

-F-line. 

2E . 

ir 0' 

77“ 6' 

77“ 33' 

77“ 59' 

78° 18' 

78“ 35' 

%H, . 

44^= 18' 

46“ 17' 

44“ 13' 

44“ 8' 

44° 4' 

44“ V 

2Ho . 

114° 18' 

114“ 12' 

113“ 33' 

112“ 50' 

112° 22' 

11 r 49^ 

- 

48“ 20' 

48“ 20' 

48“ 26' 

48“ 33' 

48“ 37' 

48“ 42' 


The optic axial angle 2E changes only about U as the temp, rises to 75®. The sp. gr. 
is 3*073 at 20®/4®, and the mol. vol. is 233*79. The indices of refraction are : 


Li-lino. 

a . . . 1*5243 

B . . . 1*5259 

y . . 1*5355 


C-line. Na-line. 

1*5248 1*5282 

1-5264 1*5298 

1*5360 1*5394 


Tl-line. Cd-line. 

1*5316 1-5335 

1*5332 1-5352 

1*5427 1-5447 


G-nne. 

1*5335 1*5416 

1*5372 1*5434 

1-5467 1*5530 


The refractive indices increase about 0*0017 for a 60® rise of temp. The sp. dis- 
persions for a, )3, and y are respectively /xg— / ic=0*0027, 0*0027, and 0*0026, and 
the mol. dispersions respectively 1*91, 1*93, and 1*91. The sp. refractions for the 
0-iine and the ^^.formula are respectively 0*0997, 0*0994, and 0*1015 ; and the moL 
refractions respectively 71*62, 71*81, and 72*90: while with the mol. refractions 
with the ja-formula are 120*69, 123*07, and 125*31 respectively. J. Ferguson found 
for the equilibrium press, of the reaction Cs 2 Cu(Se 04 ) 2 . 6 H 20 ^Cs 2 Cu(Se 04 ) 2 - 2 H 20 
+4H2O : 

27 * 7 ® 36 - 0 ^ 42 * 7 ® 50 * 0 ^ 59 - 2 * 65 * 2 “ 

Press, . . 22*8 37*9 34*7 81-1 125*9 164*5 mm. 


E. Mitscherlich obtained silver selenate, Ag 2 Se 04 , as a white mass on treating 
silver carbonate with seleiiic acid. V. Lenher and C. H. Kao also prepared the 
siver salt by double decomposition of silver nitrate and calcium selenate. If the 
soln. in ammonia be slow4y evaporated, rhombic crystals are produced, which, 
according to C. F. Eammelsberg, have the axial ratios a:h: c==0*5945 : 1 : 1*256. 
J. W. Eetgers said that the rhombic pyramids are isomorphous with silver 
and sodium sulphates ; and that they form isomorphous miibures with sodium 
selenate. P. Niggli gave 5*72 for the sp.gr. E. Mulder observed no change 
when an electric current is passed through a sat. aq. soln. of silver selenate 
— 0*835 grm. per litre — for 72 hrs. J. Krutwig found that chlorine does not attack 
silver selenate. V. Lenher and C. H. Kao said that a litre of water at 20® dissolves 
1*182 grms, of silver selenate. E. Mitscherlich prepared an ammine analogous with 
the amminosulphate, and which therefore may be silver tetranumiiK^eleiiiate, 
Ag 2 Se 04 . 4 NH 3 . It is obtained by cooling a sat. soln. of silver selenate in warm, 
cone., aq. ammonia. The transparent, tetragonal crystals, according to 
0. F. Eammelsberg, have the axial ratio a : c=l : 0*338. The crystals gradually 
lose ammonia on exposure to air ; and dissolve freely in water, and in aq. ammonia. 
The addition of potash-lye to the soln, precipitates fulminating silver. P. Eay 
and J. Dasgupta obtained silver hexamineselenate, Ag 2 S 04 . 2 (CH 2 ) 6 N 4 , 12 B[ 20 . 

Y. Lenher obtained gold selenate, Au 2 (Se 04 ) 3 , from a soln. of gold in hot, cone, 
selenic acid at 230®~300® — some vapour of selenium dioxide is at the same time 
evolved. The small, yellow crystals are decomposed by light becoming coloured 
dark green and bronze. They are insoluble in water ; and form a reddish-yellow 
soln. with selenic acid ; they are soluble in sulphuric and nitric acids, and with 
hydrochloric acid, they form chlorine, selenium dioxide, and auric chloride. 

L. Michel kept a molten mixture of sodium selenate and calcium chloride with 
a little sodium chloride fox about 2 hrs. at a dull red-heat ; and, after slowly cooling, 
extracted the mass with water, when crystals of caldum sel^oate, CaSe 04 , remained. 
E. Mitscherlich, and G. von Hauer treated a soln, of calcium nitrate with potassium 
selenate, the precipitate dissolved in cold water, and separated out when the soln. was 
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w*i riiietl. V. Leiilier aiiA C H, * uls': ' t > Et r I,\ \ , ^ 

liiiider and \V. Heinpel obser\'^'l transforcij*.ti^.*n f'd trie ciTstuN r.f tLe .tit:.,.:,, 
earth selenates into an isotropic fornt Le.ited, The ^clcnhir the 

(lilt ijdmte, C^aSe04.2H^0y so obtained are nionochnc . rni*'! isonior; ::o:i- n :tn uvt 
H. Topsoe gave 2*676 for the sp. gr.-"“aOA ifj:r. Ac'^orhirg to L. v-'n H^ner, 
the salt loses 0*5 per cent, of water at : tne pturnaliy dehydrate-l harir^n* 
with water like plaster of Paris : an-t ti.e ^alt is *-oiuhle in hot than it is :n ch I 
water, J. Aleyer and W. Aulkhi found tne dehydration curve .'howe'-l the exlster .c 
of the anhydrous salt, the CaSe04.iH^0, the /i i hn/ 

CaSe04.1M20 ; and the dihytlraie ; and the percentage soluhility. ^tth the 
dihydrate as the sole stable pha.-e. tu Le : 



The mutual solubility of sodium and calcium selenates is illustrated l^y ?Iu. :.T 
The region of stability of sodium calcium selenate, Xa^CafSeO.lotdH^O/is 

in the diagram, AC is the soluhilirv curve 



MsCdSei^ Mds.€dSe6^ 

Fig. 57. — ^]\Ii 2 tual Fig. 58. — Mutual 
Solubiliiies of Solubilities of Fo- 

Sodiumand Cal- tassium and Cal- 

I lum Selenates. cium Selenates. 


of Xa2SeO4.10H2^ ? that cf 

CaS€04.2Ho0 ; and CD, that of the com- 
plex salt. The concentrations are in mols 
per litre at 25". Similar remarks apply to 
Fig. 58 representing the mutual selubliity 
of potassium and calcium selenates. The 
complex salt, potassium calcium sdenate, 
K2SeO4.CaSeO4.2H2O, is formed. L. 5IicLel 
prepared strontium selenate, SrSe04, by 
the method used for the calcium salt. 
Ah Lenher and E. J. AVechter obtained thi?? 


salt as in the case of litliium selenate, and 


Ah Lenher and C. H. Kao obtained the salt by precipitation. L. Alichel found 
that the rhombic cr\"stals have the axial ratios a : 5 ; c=0-7806 : 1 : 1*2892 — ride 


mpm, H. Rose, and L. Michel prepared baxitmi selenate, BaSe04, in a similar 
maimer, and A. Schafarik obtained it as a white, amorphous precipitate by pre- 
cipitation as in the analogous case of barium sulphate. H. Rose found that 
the precipitate is more prone to adsorb foreign salts than is the case with 
barium sulphate. A^. Leiiher and E. J. AYechter obtained this salt as in the 
case of litMum selenate ; and A". Lenher and C. H. Kao obtained the salt by 
precipitation. L. Michel said that the rhombic crystals have the axial ratios 
a :h: c=0-8088 : 1 ; 1*3060. F. Rinne studied the crystals of barium and strontium 
selenate ; and H. G. Grimm, the mixed crystals of barium, selenate and potasaum 
permanganate. A. Schafarik gave 4*67 for the sp. gr. at 20® ; P. Niggli gave 4*75 ; 
F. A, Henglein and R. Roth gave for the sp. gr. of barium, strontium, and calcium 
selenates, respectively 4*61, 4-25, and 2*88 ; L. Michel, respectively 4*75, 4*23, and 
2*i3 ; and F. A. Henglein and E. Roth respectively 66*9, 54*3, and 63*4 for the moL 
vols, O. Petter^on found that barium selenate is not changed at duE redness, but 
when more strongly heated, it forms the selenite, which is stable provided reducing 
gases are absent. J. J. Bexzelus said that at dull redness hydrogen reduces the 
«leiiat€ with incandescence to selenide under conditions where the sulphate is not 
changed ; C. Stammer found that carbon monoxide converts it at a dull red-heat 
into selenium and carbonate ; and H. Rose, that repeated calcinations with 
ammoBium chloride transform it into selenium and barium chloride, and selenite. 
Tlie precipitated selenate is rather more soluble in water and dil. acids than is the 
ease with the Hulphate. O, Pettersson found that 100 c.c. of cold water dissolve 
0-0118 grm., and boiling water, 0*0138 gnu. L. Afichel found that the crystals are 
imoluble in wvtter and in cold, cone, nitric acid, but slowly soluble in the hot, cone. 
acid. J. J. Berzelns imid that it is incompletely decomposed by sulphuric acid; 
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timl 0. Petterssoii, tlint when ])uiledl0 mins, with dil hydrochloric ncid. It is com- 
pletely reduced to selenite. H. Rose found that a cold, aq. solo, of sodium or 
potassium carbonate decomposes it completely in 24 hrs., and E. ^on Crerichteii 
utilized the reaction in the purification of selenic acid. J. Meyer and W. Friedrich 
dissolved barium selenate in selenic acid, and found that the soln. behaved in a 
way analogous to a soln. of the sulphate in cone, sulphuric acid. By electrolysis, 
seienatobaric acid^ H2[Ba(S04)2], can be accumulated in the anode compartment ; 
and a cone. soln. of selenic acid, sat. with barium selenate, deposits crystals of the 
selenatobaric acid. 

A. Atterberg prepared crystals of beryllium selenate, BeSe04.4H20, from an 
aq. soln. of beryllium in selenic acid. H. Topsoe found that the rhombic bipyramids 
have the axial ratios a:h : c=0*9602 : 1 : 0*9028. The salt loses 16*63 per cent, of 
water at lOO'" ; A. Atterberg said 16*90 per cent. The salt is freely soluble in water. 
J. J. Berzehus, and E. Mitscherlich prepared magnesium selenate, MgSe04, from a. 
soln. of magnesia in selenic acid. E. Mitscherlich said that if the temp, is below 15®, 
prismatic crystals of the Jieptaliydmte, MgSe04.7Il20, are formed — H. Topsoe 
said at about 4®, and thought that the crystals are isomorphous with the hepta- 
hydrated sulphate. E. Mitscherlich said that if the temp, is over 15°, crystals of 
the liexakydrate, MgSe04.6H20, are formed — H. Topsoe said 6° to 8°, and added that 
the colourless, transparent crystals are isomorphous with the corresponding sulphate. 
The axial ratios of the monoclinic crystals are a:h\ c=l*3853 ; 1 : 1*6850, and 
32'- The (lOl) -cleavage is complete ; and the sp. gr. is 1*928. The crystals 
are stable in air. A soln. of aq. proportions of ammonium and magnesium selenates 
furnishes transparent, well-formed tabular ox prismatic crystals of ammonium 
magnesium selenate, (NH4)2Mg(Se04)2.6H20, which, according to A, B. H. Tutton, 
are isomorphous with the potassium salt, and the corresponding sulphate. 
The isomorphous series, B.E2(Se04)2.6H20, was discussed by W. OrloS, 
and A. E. H. Tiitton. The monoclinic prisms have the axial ratios a:b :c 
=0*7420 : 1 : 0*4964, and j3=--106° 27'. H, Topsoe and 0. Christiansen made con- 
cordant observations. The (201)-cleavage is complete. The topic axes are 
co=6*3299 : 8*5310 : 4*2365. The optic axial angles are : 


2E at 15° . 


Li-ine. 

88° 12' 

C-line. 

88° 11' 

Na-line. 
88° 4' 

Tl-line. 
87° 63' 

J’-line. 
87° 26' 

2E at 75° . 


76° 45' 

76° 40' 

76° 15' 

76° 60' 

75° 15' 

2Ha . . . 


49° 48' 

49° 44' 

49° 6' 

49° 0' 

49° 20' 

2Ho . • . 

. . 108° 8' 

108° 1' 

107° 34' 

107° 7' 

106° 42' 

2Fa . . , 

. , . 

54° 57' 

54° 55' 

45° 47' 

64° 33' 

64° 4' 

H. Topsoe gave 

2*035 for the sp. gr. 

; P. Niggli, and A. E. H. Tutton, 2*058 at 20°/4^ 

the mol. vol. is 219*42. 

Li-ine. 

The indices of refraction are : 
C-Iine. Na-Jine. Tl-line. 

J'-line. 

Gf-line. 

f a 

1*5034: 

1*5038 

1*5070 

1*5104 

1*5144 

1*5205 

12° ^ ^ 

1*5056 

1*5060 

1*6093 

1*5126 

1*6166 

1*5227 

I y 

1*5132 

1*5136 

1*5169 

1-5202 

, 1*5242 

1*5305 


1*5025 

1*5029 

1*5062 

1-5095 

1*5135 

— 

75° ] jS 

1*5040 

1*5044 

*1*5076 

1-5108 

1*6148 

— 

I r 

1*5116 

1*6120 

1*5153 

1-5187 

1*5227 

— 


The sp. refractions by the ja^-formula for the 0-line are a==0*1438, ^=0-1444, and 
7=0*1462 : and the mol. refractions respectively 64*95, 65*19, and 66*0 ; while 
with the /i-fornrala, the mol; refractions are 110*54, 111*02, and 112*69 respectively. 
The sp. dispersions jjba — fic are all 0*0040 and the mol. dispersions 1*80, 0. Schaefer 
and M. Schubert measured the ultra-red reflection spectrum. C. von Hauer said 
that the salt is freely soluble in water ; and that the water of crystallization cannot 
be expelled without decomposing the salt. J. Meyer and W. Aiilich found, the 
percentage solubility, S : 

8* so® 4G® 60" 

. 16*7 23*3 27*2 32-3 35*8 

s ^ ^ 

Mg8o04.7H20 M:gSeO4.0H2O 



864 


mORGAMC AND THEOEETICAL CHEMISTRY 


The ice-heptahydrate eutectic is at — 7*45'^ when 9*2 per cent, MgSeU 4 ls in 
The metastaWe soln. has the percentage solubilities of 31*2 and 32-1 at 4*T" and 7*5' 

respectively. There is a transition point 
at 8", 23*3 per cent. MgSe04 the 
transformation of the hepitahydrate and 
hexahydrate. The dehydration curves 
show the existence of tlie monohydrate. 
the dihydrate, the hexahydrate, and 
the heptahydrate. No sodium mag- 
nesium seleiiate was observed to be 
formed by J, Meyer and W. Anlieh. 
The mutual solubility cum^e of the two 
salts is shown in Fig. 59. The concen- 
trations are in mols per litre at 2r5". 




Fig. 59. — Mutual 
Solubility oi So- 
dium and Magne- 
sium Selenates. 


Fig. 60. — Mutual 
Solubility of Po- 
tassium and Mag- 
nesium Selenates. 


H. Topsoe, and A. E. H. Tutton pre- 
pared potassium magnesium selenate, K2Mg(Se04)2.6H90. as in the case of the 
amraoninm salt. The colourless, monoclinic prisms were found by A. E. H. Tutton 
to have the axial ratios a :h : c=0-7485 : 1 : 0*5031, and ^8=106^ 18b The topic 
axes are x : ^ : io=6*2124 : 8*2998 : 4*1756. The optic axial is 2Fa=39® 43"' for the 
Li-line ; 39^ 42', for the C-Iine ; 39° 38', for the Na-line ; 39° 34', for the Tl-line ; 
and 39° 25', for the F-line. H. Topsoe gave 2*336 for the sp. gr., and P. Niggli, and 
A. E. H. Tutton, 2-365 at 20°/4°, and for the mol. voL, 208-60 — F. A. Henglein gave 
210*2. F. Ephraim studied the mol. vol. According to A. E. H. Tutton, the indices 
of refraction are : 



bi-iiae. 

C-Iine. 

j^Ta-line. 

Tl-lina. 

F-line. 

rWine. 

a 

. 1*4936 

1*4941 

1*4869 

1-4999 

1*5035 

1-5091 

P • 

. 1*4958 

1*4963 

1*4991 

1-5022 

1*5058 

3*5114 

y * 

. 1*5103 

1-5108 

1-5139 

i-5172 

1*5210 

i-526G 


The sp. refractions with the ja--formula and the C-Iiiie, are a “0*1231, ^5=0*1236, 
andy=0*1266 ; the mol. refractions, 60*74, 60*98, and 62*48 respectively ; and with 
the ju-formula, the mol. refractions are respectively, 103*08, 103*54, and 106*57. 
The sp. dispersions — [mq are 0*0032, 0-0032, and 0*0033 respectively, and the moL 
dispersions 1*56, 1-56, and 1*62 respectively. The salt is freely soluble in -water. 
J. Meyer and W. Aulich found that the ternary system : MgSe04-K2Se04-H20 
at 25° sho-ws the existence of the hexahydrate^ K2Mg(Se04)2.6H20, and the ietra- 
hydrate^ K2Mg(Se04)2.4H20. In Fig. 60, AC is the solubiHty curve, in mob per 
litre at 25°, of K2Se04 ; ED, that of MgSe04 5 ^ud CD, that of the double salt, 
MgSeO4.K2SeO4.6H2O. 

A. E. H. Tutton prepared rubidium magnesium selenate, Eb 2 Mg(Se 04 ) 2 . 6 H 20 . 
The colourless monoclinic prisms have the axial ratios a ih : c =0*7424 : 1 : 0*5011, 
and ^=105° 14'. The topic axes are x • ^ • a>=6*2885 : 8*4705 : 4*2445. The optic 
axial angle 2F^=47° 26' for the Li-line ; 47° 24', for the C-line ; 47° 3', for the 
Ka-Ene ; 46° 37', for the Ti-line ; and 46° 6', for the F-line. The sp. gr. is 2*604 at 
20°/4°, and the moL vol. 218*15. F. Ephraim studied the moL vol. „ The indices of 
refraction are : 


bi-Hne. 

O-line. 

iSTa-line. 

TMme. 

F-liue. 

O-line. 

. 1*4978 

1-4983 

1-6011 

1-5041 

1*5077 

1-5133 

. 1-4997 

1-5002 

1-5031 

1-5060 

1-5098 

1*5152 

. 1-5100 

1-5105 

1*6135 

1-5167 

1*5205 

1*5264 


The sp. refractions with the and the C-line, are a=0*1093, j8=0-1096, 

andy=0*1115 ; the moi refractions, 63-97, 64*18, and 65*30 respectively, and with 
the f£-formula, the mol. refractions are respectively 108*70, 109*12, and 111*37. 
The sp. disi^rsions jLta — [xa are 0*0027, 0*0028, and 0*{K)29 respectively, and the 
mol dbpersions respectively 1*61, 1*62, and 1*70. 

A. E. H. Tutton abo prepared caesium magnesium selenate, Cs2Mg(Se04).6H20- 
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The colourless monoclinic prisms have the axial ratios a:b: c=0-7314: : 1 : 04960, 
and P=106° 17'. The topic axes x-i’- w=6-3807 ; 8-7239 : 4-3270. The sp. ax. 
is 2-939 at 20°/4°, and the mol. vol., 231-20. F. A. Henglein gave 232*8 for tke m.oL 

vol F. Ephraim also studied the mol. vol. A. E. H. Tutton found that the indices 
of refraction are : 


Li-hne. 

C-line. 

Xa-liae. 

Tl-lme. 

F-iine. 

C-lme, 

1-5143 

1*5148 

1*5178 

1*5210 

1-5248 

1-5304 

1*5145 

1*5150 

1*5179 

1-5211 

1-5248 

1*5305 

1-5201 

1*5206 

1*5236 

1-5269 

1-5308 

1*5364 


The sp. refractions with the /a^.formiila and the C-line are a= 0-1026, j3=0*1026, 
and 7=0*1035 ; the mol. refractions are respectively 69*70 69*72, and 70*36 : and 
with the fi-formula, the mol. refractions are 119*02, 119*07, and 120*36 respectively. 
The sp. dispersions (jlq — fxc are 0*0026, 0*0026, and 0*0027 respectively, and the mol. 
dispersions 1*77, 1*75, and 1*78 respectively. 

E. hlitscherlich prepared zinc selenate, ZnSe04, hy the action of the acid 

on the carbonate or hydroxide, and found that when the soln. is evaporated at 
ordinary temp, it furnishes crystals of the hexahydrate^ ZnSeO^.SHoO. V. Lenher 
and C. H. Kao also obtained a soln. of the salt by the action of the acid on the 
carbonate. According to H. Topsoe, the tetragonal crystals are isomorphous with 
the corresponding nickel sulphate, having the axial ratio a ; c=l : 1*895, and the 
sp. gr. 2*325* H. Topsoe and C. Christiansen gave for the refractive indices : 

H-lme. JBrlme. D-line. 

1*5427 1*5367 1*5291 1*5255 

€ 1*5165 1*5148 1*5039 1*5004 

E. Mtscherlich found that if the soln. he crystallized above 30°, the 'peMahydrwtej, 
ZnSe04.5Ho0, is formed. H. Topsoe gave for the axial ratios of the triclinic crystals 
a:b: c=0*5829 : 1 : 05586, and a=109° 21', j8=109° 20', and y=104° 27'. The 
crystals are isomorphous with the manganese and cobalt salts. When heated to 
50° some water is given off. G. Schaefer and M. Schubert studied the 
ultra-red reflection spectrum. H. Topsoe prepared ammonium zinc selenate, 
(NH4)2Zn(Se04).6H20, in colourless, monoclinic crystals isomorphous with the 
corresponding sulphate. The axial ratios are a :h: c =0*74:1 6 ; 1 : 0*5062, and 
i8=75° 53' ; A. E. H. Tutton gave 0*7409 : 1 : 0*5040, and j3=73° 46'. ^The habit 
is either prismatic or thickly tabular. The cleavage is parallel to (201). The 
topic axes are y : ^ : a»=6*2742 : 8*4684 : 4*2681. H. Topsoe gave 2*200 for the 
sp. gr., but A. E. H. Tutton said that this is too low, the actual value is 2*261 at 
20°/4°, and the mol. vol., 217*73. J. Ferguson found for the equilibrium press, 
of the reaction : (NH4)2Zn(Se04)2.6H20^(NH4)2Zn(Se04)2.2H20+4:H20 : 




31-3'’ 

42*0** 

■ 48-5“ 57-2° 

n-s** 

Press. 

. 2*9 

6*9 

10-1 19-9 

46*5 mm. 

The optic axial angles are : 







Li-line. 

C-Iine. 

ITa-line. 

Tl-line. 

P-line, 

2jgJ (20°) : 

167° 30' 

167° 50' 

170° 0' 

172° 0' 

174° 30' 

2E (80°) 



131® 46' 

153° 10' 

154° 40' 

— 

. . . 

82° 5' 

82° 5' 

82° r 

82° 9' 

82° 10' 

2Ha . , , 

74° 33' 

74° 32' 

74° 15' 

73° 57' 

73° 33' 

2Bo . . . 

88° 11' 

88° 9' 

87° 41' 

87° 17' 

86° 44' 

H. Topsoe and C. Christiansen gave 2Ff 

j=81® 22'. The indices of refraction are 



LMine, 

C-line. 

Ka-line. Tl-line. 

P-line. 

C-line. 


"a . . 

1*5201 

1*5206 

1*5240 1*5273 

1-5316 

1*5311 

12“ - 

iS * * 

1*5260 

1-5265 

1-5300 1*5334 

1*5378 

1*5443 


y 

1*5344 

1*5349 

1*6386 1*5420 

i’5463 

1*5529 


[a . . 

1*5189 

1*5194 

1*6229 1*5265 

1*5308 

— 

70“ - 

jB . . 

1-5246 

1*5251 

1*5286 1*5321 

1*5364 

— 


. y . . 

1*6325 

1-5330 

1*5367 1*5403 

1*5446 

' — 
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H. Topsoe and C. ( ’Kristi a iiseii made some oK&ervatinns on tKis snnject. AcconiiL-f 
to A. E. H, Tiittoii, the sp refractions witk the ju,- -formula for tKe Cdine 
are a— OdSIB, p~0T35^, and 7~0*13TT, and tlie niuL refractions respectrrelv 
66*26, 66-88, and 67*77 ; tlie 2m»I- refractions with the ft-fumiuia are resneetivelv 
113-35, 114*63, and 116*46. The sp. disperrions /xo — are ail U*i038. and" the mol. 
dispersions resiiectively 1*35. 1*58, and 1*89. C. 3chaefer and M. Scfiiihert examined 
the nitra-red reflection spectrum. E. Rimini and G. Malagnini obtained liydraaane 
zinc seleimte, (N2H5)2Zn(Se04)2. from a mixed soln. Of the coiiiponenr salts. When 
the white product is heated on a xd^tinum foil, it gives off red vapours with-jut 
exploding. It is sparingly soluble in water, but more soluble than the copper salt. 

G. N. MYtrouboff mad*e potassium ziue seienate, K2Zn(Se04)2. from a soln. of 
the component salts, and at 7U’-80", the dihf^dnite, K2Z'2i(3e04}2.2H_£0, separate> 
out. The colourless, columnar crystals are said to be isomorxjhous with the corre- 
sponding ferrous and cadmium salts ; and to belong to the triclinic system and to 
have the axial ratios a:h: 0—0-7060 : 1 : 0^*4335, and a— 82'' 52b ^=99“ 41b and 
-y=S4° 46b Twinning occurs about the (iOl)- and (lOl)-pdanes ; and the optic 
axial angle 2 jE’= 102^. H. Topsoe gave 145 for the mol. voL A. E. H. Tutton 
obtained the Iiexahydrate, K22^(^^^4)2-^H20, from a soln. of the component salts. 
The axial ratios of the monoclinic crystals are u ; 5 : c=0*7458 : 1 ; 0*5073, and 
jS=104° 12h The topic axial ratios are X’^ • m=6*1812 : 8*2880 : 4*204:5. The 
optic axial angle 2Fa=66® 12^ for the Li-iine ; 66" 13', for the Cdine ; 66® 15', for 
the Na-line ; 66° IT', for the Tl-line ; and 66° 20'', for the H. Topsoe and 

C. Christiansen gave 2-538 for the sp. gr., and the moL vol. 212*0 : A. E. H. Tutton 
gave the respective values 2-5580 at 20°/4°, and 208-8. E. Ephraim studied 
the mol. voL J. Ferguson found the equilibrium press, of the reaction : 
K2Zn(Se04)2.6H20^K2Zn(Se04)2.2H20+4H20: 


Press. . 

31*3“ 

. 23*6 

— , 

42 G= 
50*7 

48-5=^ 

75-4 

57-2^ 

120*3 

71 3® 

218*3 mm. 

The indices of refraction are 

: 




a 

It . . 

r ■ • 

Li-liae, 

. 1*5087 

. 1*5146 

. 1-6297 

C-iine. 

1*5092 

1-5151 

1*5302 

Na-line. 

l*512i 

1*5181 

1*5335 

Tl-iine. 

1-5151 

1-5212 

1*5369 

P-line. G^line. 

1-5189 1*5244 

1*5252 1-5207 

1-5410 1*5471 


The optical character is positive. The sp. refractions with the ft.--formula and the 
Cdme are a=0-1168, p=0-1179, and y— 0*1208 ; and the mol. refractions 62-37, 
62*98, and 64-52 respectively. The mol. refractions with the /x-formula are 106*32, 
107-55, and 110-7 respectively. The sp. dispersions are respectively 0*0029, O-OOM), 
and 0*0032, and the moL dispersions, 1-56, 1-59, and 1-71. 

A. E. H. Tntton made mbidium zinc s^eiiate» Rb 2 Zn(Be 04 ) 2 . 6 H 20 , from a 
soln. of the component salts. The monoclinic prisms and plates have the axial 
ratios a :h:o=0*7431: 1 :0-5019, and ^3=105° 16b The (20i)-cleavage is 
perfect. The topic axial ratios are x • ^ • oj=6*2913 : 8-4662 : 4-2492. The 
optic axial angle 2Fj^=75° 16' for the Li-line ; 75° 14', for the 0-line ; 75° 8b 
for the Na-Iine ; 75° 2', for the Tl-line ; and 74° 55', for the F-Hne. The topic axial 
ratios axe • a>=6-2903 : 8-4662 : 4-2492. The sp. gr. is 2-368 at 20°/4°, and the 
moL voL, 218*35. F. Ephraim studied the mol. voL According to A. E. H. Tntton, 
the indices of refraction are : 



lii-Iine. 

O-line. 

Na-line. 

Tl-line. 

Jf-line. 

O-line. 

a 

. . . 1*5129 

1*5134 

1-6162 

1-5194 

1-5233 

1-5288 


. . . 1-5188 

1*5193 

1*5222 

1*5253 

1-5293 

1-5351 

r 

* . . 1-5294 

1*5299 

1-5331 

1-6365 

1-5405 

1-5466 


The optical character is positive. The sp. refractions witli the /i^-formnla and the 
O-line are a=0-lO49, ^=0-1059, and y=0*1077, and the moL refractions 65-67, 
66-30, and 67*44 respectively. The moL refractions with the ft-formula are 112-10, 
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113-39, and 115-70 respectiyely. Tke sp. dispersions are respectively 

0-0026, 0*0027, and 0*0028 ; and the moL dispersions 1*65, 1*69, and 1*76. 

A. E. H. Tutton made esesium selenate, Cs 2 Zn(Se 04 ) 2 . 6 H.O, from solii. 
of the component salts. The axial angles of ■ the monoclinic crystals are 
a:l) : c=0*73M : 1 : 0*4971, and ^=106° 11'. The (201) -cleavage is perfect. The 
topic axial ratios are x • ^ • m=6*3710 : 8*7106 ; 4*3300. The optic axial angles 
are 83° 33' for the Li-line ; 83° 30', for the C-line ; 83° 6', for the Xa-line ; 
82° 43', for the Tl-line ; and 82° 14', for the .F-line. The sp. gr. is 3*1153 at 20°/4°, 
and the mol. vol. 232*77. F. Ephraim studied the mol voL According to 
A. E. H. Tutton, the indices of refraction are 


Li-line. 

C-iine. 

Na-line. 

Tl-liue. 

P-line. 

£?~line. 

1-5290 

1-5295 

1-5326 

1-5358 

1-5399 

1*5459 

1-5326 

1-5331 

1-5362 

1-5394 

1-5435 

1-5495 

1-5375 

1-5380 

1-5412 

1-5646 

1-5488 

1-5549 


The sp. refractions with the jLt^.formnla, and the O-hne, are a ==0*0989, jS =0*0995, 
andy=0*1002 ; and the mol. refractions 71*23, 71*63, and 72*18 respectively. The 
mol. refractions with the ft-formula are respectively 123*19, 123*02, and 124*15, 
The sp. dispersions fjua — /^c are 0*0025, 0*0025, and 0*0026 respectively ; and the 
mol. dispersions 1*83, 1*83, and 1*88 respectively. 

C. von Hauer prepared cadmium selenate, CdSe04.2H20, hy spontaneous 
evaporation, or by cooling a soln. of the cadmium carbonate in selenic acid. The 
salt readily forms supersaturated soln. The rhombic crystals were found by 
H. Topsoe and C. Christiansen to be isomoxphous with the corresponding manganese 
salt, and to have the axial ratios a :b: c=0*9753 : 1 : 0*8764. The (010) -cleavage 
is distinct. H. Topsoe gave 3*632 for the sp. gr. of the colourless, transparent 
crystals. C. Schaefer and M. Schubert studied the ultra-red reflection spectrum. 

G. N.Wyrouboflt prepared a soln. of ammonium cadmium selenate» (NH4)2Cd( 8004)2, 
by mixing a soln. of the component salts, and at 70°, crystals of the dihydraie, 
(NH4)Cd(Se04)2.2H20, are deposited. They are clear and colourless, and stable 
in air. The axial ratios of the triclinio crystals are a:b: c=0*7277 : 1 : 0*4418, 
and a=80° 1', j8=106° 9', and y=91° 34'. The (101) -cleavage is perfect, and the 
(OOl)-cleavage is not so distinct. The optic axial angle 2.5=140°. H. Topsoe 
gave 2*397 for the sp. gr., and 162*5 for the mol. vol. When a soln. of the component 
salts was crystallized at ordinary temp., colourless plates of the Iiexahydrate, 
(NH4)2C5d(Se04)2.6H20, were obtained by C. von Hauer, and H. Topsoe. The 
monoclinic crystals have the axial ratios a :h : c=0*7388 : 1 : 0*5001, and 
j8=106° 4|'. C. F. Eammelsberg said that the crystals are isomorphous with the 
corresponding sulphate. A. E. H. Tutton gave 0*7413 : 1 : 0*5026, and j6=106° 1'. 
The topic axial ratios are x * ^ • <^=^'^145 : 8*4988 : 4*2715. The optic axial 
angles are : 

Xi-line. C-line, Ka-line. Tl-line. Cd-line. C-lme. 

2Vo . 103^ 55' 103° 49' 103° 29' 103° 11' 103° 0' 102° 47' 

2Va . 76° 5' 76° 11' 76° 31' 76° 49' 77° 0' 77° 13' 

H. Topsoe gave 2*307 for the sp. gr., and A. E. H. Tutton, 2*450 at 2074°, and the 
mol. voL, 219*99. The indices of refraction are ; 



Ll-Une, 

C-line. 

Na-line. 

Tl-Kne. 

Cd-line. 

J*-line, 

C-ISne. 

a 

. 1*5167 

1*5172 

1-5206 

1-5242 

1*5262 

1-4283 

1-5340 


. 1*5221 

1*6227 

1-5260 

1*5296 

1-5315 

1*5338 

1-5393 

y • 

. 1-5311 

1*6317 

1-6352 

1*6386 

1-5408 

1*5427 

1-5485 


The sp. dispersions, [lq — for a, )3, and y are 0*0034, 0*0033, and 0*0033, and the 
mol. dispersions 1*81, 1*78, and 1*78. The sp. refractions for the U-line and the 
jtt^-formula are respectively 0*1235, 0*1246, and 0-1264 ; and the mol. refractions 
66*57, 67-17, and 68-14, while for the fc-formula, the mol. refractions are 113-78, 
114*99, and 116-97. H. Topsoe said that the crystals are stable in air at a low temp.. 
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but at 20®, the surface becomes matt, and a film of the dihydrate is formed. C. von 
Hauer, H. Topsoe, and G. N. Wyrouhoff prepared crystals of potassium 
selenate, from a soln. of the component salts. The coloiirIe->, 

tabular, triclinic crvstals are stable in air, and they have the axial ratios g • c 
=0-7239 : 1 : 046U, and a=86" 28^ 46', and y-=101® 55'. C. von Hauer 

also made observations on the crystals. The (101)- and (lOl)-cleavages are distinct ; 
and twinning occurs about the planes (101 j and (101). The optic axial angle 
2E=47®. C. von Hauer said that the salt can be recrystallized from water without 
decomposition. H. Topsoe gave 3-376 for the sp. gr., and 152*0 for the mol. voL ; 
G. N. WyTouboff gave respectively 3-388 at 16®, and 151-4. The hexaiiydrate] 
K2Cd(Se04)2.6H205 has not been prepared. A. B. H. Tutton obtained rubMInm 
cafimium selenate, Rb2€d(Se04)2-6H20, in monoclinic crystals with the axial ratios 
a : 6 : c==0-7402 : 1 : 0-5026, and ^=105® T, The crystals are metastable at ordinary 
temp, and down to 0°, and decompose to a lower hydrate. Optical and densitv 
determinations could not be made. Holohedral, prismatic, monoclinic crvstals of 
csesitm cadmium selenate, Cs2Cd(Se04)2.6H20, w^ere obtained with the axial 
ratios a\h i c=0*7319 : 1 : 0*5011, and j^=106® 22'. Owing to the rapid passage 
of the salt to a lower hydrated form, density and optical measurements were 
unsatisfactory, 

C. A. Cameron and E. W. Davy added selenic acid or alkali selenate to mercurous 
nitrate and obtained a greyish-white, amorphous precipitate of mercurotis selenate, 
Hg2Se04, which blackens when exposed to light for a short time. It is sparingly 
soluble in water ; insoluble in hydrochloric a^id ; and passes into mercuric selenate 
when boiled for a short time with nitric acid. By adding sodium selenate to a soln. 
of mercurous nitrate, P. Kohler - obtained a white precipitate which becomes yellow 
when washed, and a little passes into soln. — presumably by hydrolysis of the normal 
salt. When dried at 100° the composition is said to be that of mercurous oxypenta- 
selenate, Hg20.5Hg2Se04. It becomes grey when exposed to light ; and w’hen heated 
behaves like mercurous selenite. It is immediately blackened by potash-lye ; 
when boiled with nitric acid it is but little attacked, and it turns w’hite ; and when 
heated with hydrochloric acid, selenium separates out. 

According to F. Kohler, red mercuric oxide is not attacked by selenic acid ; and 
mercuric chloride does not give a precipitate with sodium selenate. C. A. Cameron 
and B. W. Davy heated freshly prepared mercuric oxide with selenic acid ; and 
evaporated the filtrate to dryness so as to drive ofi the excess of free acid ; there 
remained mercuric selenate, HgSe04 ; a similar product wras obtained by adding an 
excess of selenic acid to mercuric acetate, and treating the liquid in a similar manner. 
If the soln. in selenic acid be spontaneously evaporated, it furnishes white crystals 
which are soluble in hydrochloric and sulphuric acids ; the salt is hydrolyzed by 
water, forming a basic salt and selenic acid. F. Kohler evaporated at a gentle heat 
the mother-liquor from the basic salt and obtained small, warty, yellowish-grey 
masses with a fibrous structure, consisting of the 'nwnohydrate, HgSe04.H20. This 
substance melts easily when heated, and gives ofi first water, and then seleniuni 
dioxide ; it also furnishes mercury, mercurous selenite, and finally mercuric oxide. 
It forms a basic salt with mercury, and with alkali-lye it yields mercuric oxide. 
F. Kohler made meicuxic dioxyselenate, 2HgO.HgSeO4.iH2O, by treating freshly 
precipitated mercuric oxide with hot selenic acid. The same substance is producM 
by the action of water on the normal salt ; and G, A. Cameron and E. W. Davy 
obtained it as a precipitate by treating mercuric acetate with a soluble selenate or 
selenic acid. According to F. Kohler, the product is red like basic lead chromate ; 
but when dried in air, or at 100°, It becomes brown. W'hen heated, it 
blackens and gives ofi water without melting ; then mercury vax3our, and selenium 
dioxide are evolved, leaving mercuric selenate behind. When heated to a still 
higher temp., mercuric oxide remains. It is insoluble in cold nitric acid, but soluble 
in the hot acid ; it is freely soluble in hydrochloric acid ; it forms mercuric oxide 
when treated with alkali-lye ; and, added C. A. Cameron and E. W. Davy, it is soluble 
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ia hydrocliloric, nitric, sulphuric, and seienic acids ; it is sparingly soluble in water 
— 1000 c.c. of water dissolving 0*0967 grin. They could not prepare an acid 
mercuric selenate, C. A. Cameron and B. W. Davy, and C. Hensgen prepared 
flimerciiriammoiiiiini selenate, (IsrHg 2 ) 2 Se 04 . 2 H 20 , or, according to E. C. Franklin, 
(H 0 .Hg.NH.Hg) 2 Se 04 , mercuric hydroxyamidoselenate, on selenate of Millon's hose, 
by dissolving mercuric dioxyselenate in cone., aq. ammonia, and adding an excess 
of water. The white precipitate blackens in light, and when strongly heated it gives 
off nitrogen, ammonia, and water vapour leaving a residue of basic mercuric 
selenate. It is freely soluble in hydrochloric acid, and in cone. aq^. ammonia. 

J. J. Berzelius 3 found that aluminium selenate, Al 2 (Se 04 ) 3 .%H: 20 , resembles 
the sulphate in many respects, and forms basic salts under similar conditions, 
J. Meyer and L. Speech showed that n is probably 10, making the formula 
[Al(H 20 ) 6 ](Se 04 ) 3 . 4 :H 20 . They made it from a warm soha. of 10 parts of aluminium 
chloride, Aids, and 21 parts of sodium selenate in as little water as possible. The 
soln. was cooled with ice, and half its vol. of glacial acetic acid added. White 
crystalline aluminium selenate separated out. The washed product was purified 
by dissolving it in as little water as possible, precipitating with alcohol, washing 
with alcohol and ether, and drying in vacuo. The salt is freely soluble in water, 
and the acidity of the soln. shows that a little hydrolysis occurs. The salt is 
precipitated from its aq. soln. by alcohol, or acetic acid ; and barium chloride gives 
a precipitate of barium selenate. 

By dissolving aluminium hydroxide in an excess of seienic acid and neutralizing 
the excess of seienic acid with ammonia, J. J. Berzelius obtained a soln. which fur- 
nished crystals of ammonium aluminium selenate, (NH 4 ) 2 Se 04 .Al 2 (Se 04 ) 3 . 24 H 20 , 
or ammonium selenaioaluminatet (NH 4 )Al(Se 04 ) 2 . 12 H 20 . C. Fabre obtained the 
salt from soln. of the component selenates. E. Wohlwill also prepared this salt. 
According to 6 . Ekman and 0. Pettersson, the sp. gr. is 1*893. Wlien heated, 
water is given off, then ammonia, and finally selenium oxide. C. Fabre also pre- 
pared analogous salts with methylamine, dimethylamine, trimethylamine, 
ethylamine, diethylamine, triethylamine, and propylamine in place of ammonia. 
E. Wohlwill prepared sodium aluminium selenate, Na 2 Al 2 (Se 04 ) 4 . 24 H 20 , or 
sodium selenatoaluminate, NaAl(Se 04 ) 2 . 12 Il 20 , by crystallization from a soln. of 
the component salts. The octahedral crystals effloresce on exposure to air ; and 
are freely soluble in cold water. C. Fabre prepared the salt in an analogous 
manner, and 6 . Ekman and 0. Pettersson found that the sp, gr. 2*072 is less than 
that of the corresponding sulphate. E. Weber, B. Wohlwill, C, von Hauer, and 
G. Fabre made potassium aluminium selenate, K 2 Se 04 .Al 2 (Se 04 ) 3 . 24 H 20 , or 
potassium selenatoaluminate, KAl(Se 04 ) 2 . 12 H 20 , from a soln. of an eq. of seienic acid 
mixed with 0*25 eq. of potassium carbonate and 0*75 eq. of aluminium hydroxide. 
E. Weber gave 1*971 for the sp. gr, of the octahedral crystals ; G. Elmian and 
0 . Pettersson, 2*001 at 20*5°. E. Weber said that the salt intumesoes when heated, 
and as the last of the water passes off, some selenium oxide is also given off. 
It is more soluble in water than ordinary alum. 0. Fabre, and G. Ekman and 
0 , Pettersson also prepared octahedral crystals of rubidinm alumimum selenate, 
Rb 2 Se 04 .Al 2 (Se 04 ) 3 . 24 H 20 , or rubidium sdenaioaluminate, EbAl(Se 04 ) 2 . 12 H 20 , 
in octahedral crystals more soluble in water than ammonium, potassmm, and 
sodium alums. G. Ekman and 0. Pettersson gave 2*137 for the sp, gr. at 18°. 
Similarly also with caesium aluminium sdenate, Cs 2 Se 04 .Al 2 (Se 04 ) 3 . 24 H 20 , 
or coBsium selenatoaluminate, CsAl ( 8004 ) 2 - I 2 H 2 O, prepared by G. Fabre, and 
G. Ekman and 0. Pettersson. The latter found the sp. gr. to be 2*224. 

L. M. Dennis and J. A. Bridgman^ prepared gallium selenite, Ga 2 (Se 04 ) 3 . 16 H 20 , 
when dried in air at ordinary temp., and when crystallized at room temp, it is pro- 
bably a docosihydrette. The salt was obtained by digesting gallium hydroxide in 
excess in nearly boiling seienic acid for several hours ; filtering off the excess of 
gallium hydroxide ; and evaporating at room temp. The crystals are dried by 
suction. They show oblique extinction and axe therefore monoclinic or triclinie. 
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The salt dissolves in water, for at 25"^, 100 parts of solii. contain 57-58 grms. of galliniri 
seienate. A mixed soln. of gallium and caesium selenates, and selenic acid furnished 
crystals of csesinm gaffinm seienate, an alnmof the composition CsG'a(S€04L.12H-,0. 
The salt is soluble in water, so that itO parts of soln. at 25" contain 4-15 grTnYof 
the alum. 

F. C. Mathers and C. G. Schiuederberg ^ obtained Indium sdomte, 
In2 (8004)3.10^0, from a soln. of indium hydroxide in selenic acid. The white* 
hygroscopic crystals are freely soluble in water. F. KuMmann found that a soln. 
of thailous carbonate in selenic acid furnishes prismatic needles of thailoiis selenate, 
TLSe04- P. S. Oettinger prepared the salt from a soln. of thallium in selenic acid. 
According to F. Kuhlniann, the crystals are isomorphous with thailous and potassium 
sulphates, and, according to J. W. Retgers, with the selenates of potassium, rubidium, 
and cjesiiim, x4ccording to A. E. H. Tutton, the holohedral, rhombic crystals are 
usually prismatic, rarely tabular. They have the axial ratios a:h: c 
™0-5551 : 1 : 0*7243. The (100)- and (001) -cleavages are distinct. The topic 
axial parameters are to=4-1124: 4*0763 : 5*3189. The optical character is 

negative. The optic axial angle for C-, Xa-, and the F-Iine are respectively 
18', 45', and 88"" 20' respectively; and 2F‘£j=73“ 18', 72^ 58', and 

72^ 22' respectively. The sp. gr. is 6*875. The indices of refraction are : 


li-line. 

C-Iine. 

Xa-line. 

TI-Hne. 


1-9476 

1*9500 

1-9640 

1*9782 

1*9987 

1-9331 

1*9355 

1-9493 

1-9635 

1*9840 

1*9426 

1*9450 

1*9592 

1*9737 

1-9942 


The sp. refractions for a, jS, andy with the O-iayand the ju^-formula are 0*0703, 0-0695, 
and 0*0700 respectively, and the mol. refractions, 33-45, 38-05, 38-31 respectively, 
and with the ju-formula, 75*63, 74*47, and 75*23 respectively. The salt is sparingiy 
soluble in cold water, but more soluble in hot water. 100 grms. of water at 9*3® 
dissolve 2*13 grms. of salt ; at 12"^, 2*4 grms. ; and at 100®, 10*86 grms. Thailous 
selenate is therefore less soluble than the sulphate. The electrical conductivity 
of the aq. soln. found by E. Franke, for an eq. of the salt in v litres of water, at 25°, is ; 


r .... 32 64 128 256 512 1024 

A. , . . 104*3 113-2 121-0 126-4 130-0 133-4 


If the thailous selenite be mixed with an excess of selenic acid, and the soln. allowed 
to stand in a cold place, crystals of thaHous hydroselenate, TlHSe04.3H20, along 
with the normal salt are formed. 

L. C- Lindsley and L. M. Dennis obtained copper thallons selenate^ 
Tl2Cu(Se04)2.6H20, in light blue, monoclinic, prismatic crystals, from a soln. of 
3 grms. of thailous selenate, and 8 grms. of copper selenate. J. Ferguson found 
the equilibrium press, for the reaction : ThCu(Se04)o.6H20^TLCu(Se04)2-2H20 
: 

29 -©= 40 - 0 = 48 - 0 ® 5Z'9^ 64 * 1 “ 

Press. . . 8*9 20-3 36-3 53*6 99*6 mm. 

These two salts are members of an isomorphous series including zinc, manganese, 
cobalt, and nickel thailous selenates. A. E. H. Tutton gave a:h:c 
=0*7^1 : 1 : 0-5048, and ^=104® 59' fox the axial ratios of the monoclinic crystals. 
The cleavage is paraEel to (201) ; the topic axial ratios are ^ : £ti 
=6*3204 : 8-4045 : 4*2426. The sp. gr. is 3*944 at 20®/4®, and the mol. vol. 218*01. 
The optic axial angle 2F^ and the indices of refraction, are : 



Li- 

c- 

Ka- 

Tl- 

Cd- 

P-liglit. 

2F« . . 

. 85° 14' 

85° 13' 

85° 9' 

85° 4' 

85° 1' 

84° 56' 

a 

. 1*6339 

1-6345 

1-6396 

1-6461 

1-6495 

1-6537 

/S . . 

. 1*6504 

1-6511 

1-6565 

1-6631 

1-6666 

1-6709 

y • - 

- 1*6655 

1-6662 

1-6720 

1-6787 

1-6823 

1-6867 


The general formula for p is l*6353-f 485126A‘^+9191500000000A’-^-f . . . ; 
and for a, 1-6353 is diminished by 0-0168, and for y, raised by 0*0154. The moi 
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refractions by the /x-formula for a, jS, and y are, respectivelv, l;3.S-32. Ul-94. and 
145-23 ; the sp. refractions by the /A--formnIa are, respectively, 0-0907, 0-0926, and 
0-0943, while the mol. refractions are, respectively. 78-00, 79-62^ and 81-08. A. E. H. 
Tutton prepared magnesium thallous selenate, TI.2Mg{Se04).2.6H.,0,in monoelinic 
crystals with the axial ratio a:l: c=0-7485 : 1 :’0-4993, and ^=105° 36'. The 
topic a:da] ratios are x'i^- co=6-3580 : 8-4943 : 4-2412. The cleavage is paraUel 
to the (201)-face. The optic axial angle 2E is very large, while 

Ll- 0- Xa* Tl- Oil- 

2Va ■ ■ T7° 17' 77=20' 77=33' 77 ' 50' 77- 5S' 7S'' lO' 

The sp, gr. is 3*721 at 20^/ 1®, and the mol. vol. 220*61. The indices of refraction are 

Li- C- Kii- Tl- Cd- 

a . . . 1-6205 1-6210 1-6250 1-6297 1-6326 1-6363 

P . . . 1-6292 1-6297 1-6337 1-63S4 1-64U 1-6452 

y . . . 1*6359 1-6364 1-6404 1-6451 1*6482 1*6521 

the general formula for jS is 1*6162 -}-504123A~2-f-407100000CHjOOA“^H~ . . . ; 
for a replace 1*6162 by 1*6075, and fory, by 1*6229. The mol. refractions by the 
/z-formnla for a, p, andy are respectively 137*00, 138-92, and 140*4U ; and for the 
sp. refractions by the /n^-formula, respectively 0*0945, 0*0956, and 0-0964, while the 
mol. refractions are respectively 77-69, 78*47, and 79*13. A. E. H. Tutton prepared 
zinc tballous selenate, Tl2Zn(Se04)2.6H20, in thick tabular crystals which belong to 
the monoclinic system, and have the axial ratios a :h: c^0*7479 : 1 : 0*5022 ; and 
j8=105° 54' ; A. F. G. Werthex gave 0*7442 : 1 : 0*5036, and ^=105® 51'. The 
(201) -cleavage is good. Observations of the sp. gr. and the optical constants were 
unsatisfactory owing to the opacity, etc., of the crystals. A. E. H. Tutton gave for 
the topic axial ratios x • ^ • m=6*3173 : 8*4468 : 4*2420 ; and for the optic axial 
angles : 



Li- 

C- 


Ti- 

C(l- 

Flight. 

2Va . 

. . 68® 12' 

68® 15' 

68® 34' 

69® 1' 

69® 14' 

69® 30' 

2E . 

. . 120’ 15' 

120® 19' 

120® 47' 

121® 18' 

121® 28' 

121® 50' 

The sp. gr. 

is 3*958 at 2074^ 

; and the mol. vol. 

217-69. 

The indices of refraction 

are : 

Li- 

c- 

Xa- 

TI- 

Cd- 

J'-liRht. 

a 

. 1-6352 

1-6358 

1-6414 

1-6479 

1-6520 

1-6576 

JS 

. 1*6475 

1*6481 

1*0539 

1-6606 

1-6648 

1*6706 

y 

. 1-6549 

1-6556 

1-6615 

1-6687 

1-6731 

1*6793 


The formula for p is 1-6271 +825988A-2+4ia8100000000A-~^ . . . ; and for a, 
the constant 1*6271 is reduced by 0-0125, and fory, increased by 0*0076. The mol. 
refractions by the />c-formula for a, j3, and y are respectively 138-41, 141*08, 
and 142*70 ; the sp. refractions by the jjfi-ioTmulsL, respectively 0*0905, 0*0919, 
and 0-0928, and the mol. refractions, respectively 78*02, 79*22, and 79-93. 0. Fabre 
prepared colourless octahedral crystals of thallons aluminitim sel^iate^ 
Tl2Se04.Al2(Se04)3.24H20, or iliallous sehnatoaluminate, TLAI(Se04)2.12B[20, from 
a mixed soln. of the component salts. J. Meyer found that thallic oxide and selenic 
acid furnish two salts, thallic hydroxsnselenate, Tl(0H)Se04.H20, and fhallie 
hydroselenate, TlH(Se04)2.2H20. The transformation point from one to the other 
is at 45*^. J. Meyer and H. Wilk treated thallic hydroxide with a sat. soln. of 
ammonium selenate, which, when treated with ammonia and alcohol at 0^, yields 
thallic amminoselenate, [Tl(H20)6(NH3)2]2(Se04)3, which is stable only in an atm. 
of ammonia. They also prepared colourless thallosic selenate, Tl2Se04.Tl2(Se04)3, 
and yellow 5Ti2Se04.Tl2(Se04)3. V. Fortini prepared crystals of |K)ta^iini thallic 
selenate, K2Se04.Tl2(Se04)3.8H20, or potassium seUnatothallate, ETl(Se04)2-4H20, 
from a mixed soln. of thallic selenate and potassium selenate evaporated in vacuo. 
The crystals are soluble in dil. acids, and resemble the corresponding sulpliates. 

S. John prepared cerons selenat^ Ge.2(Se04)3.9?H20, with 6, 9, and 12 mols of 
water of crystallization, and M. Cingolani with 4, 5, 7, 8, 10, 11, and 12 mols. 
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M. Ciiigiilani made the zongfc. exT/ioratioii of the -ihuaility :tirve shjv-':^ :a F.j. 
The rireat^ in the enrre repre^eni transition t oints of the rlihetent hydrate^. 


an::jdrOiis ^eieI:ate v"a^ cnrameu oy neat: nr one njf tn*- 
hydrate:? to 150" : and it then appears as a nm- 
grained, vrhite. annnnhous povrder v^nich hetln^ tt 
d-e acid vapours at ahont 2»>y. The tennoA hvnn 
Ce^j Se04 >PHjO. obtained by mixing 14*1 arms, 
termn-5 rdtrate in ce of water with a soA. of 
grnis. uf seienic aeid in 1<J0’ c.e. of water ; when the 
stdn. is heated to the b.p). prismatic crystals of the 
tetrabydrate then separate. The hexagonal T-rhms 
belong to the rhombic system, and have the axiafratits 
a :h : c=0*6S34 : 1 : — . The pentnJ>ijdrnte. Ce.^AeCCo, 

5H2O. is obtained from a soln. of the tetrahydrate 
tainiiig an excess of selenic acid. S. Jolin's kexal 
was not i^btained by M. Cingolani, but he obtained 
the heptahydraie, Ce2(Se04S3.7H20, by keeping a 40 per 
cent soln. uf the tetrabydrate at about 80*5" ; and the octoh tjdrate . CeipheO^ 
at 6fr tci 78“ ; tlie decahpdrate^ Ce2(8e04^3.10H05 at 34" to 46“ ; the henfi}i 0 mt€, 
be2C^e€>4’!3JlHCb at 12“ to 28“ ; the dod^cnhjdratej Ce2(8e04)2.12H20, at about Oh 
The dodecahydrate was also prepared by S. Jolin. i^L Cingolani could not 
prepare S. JoiinA enneahpdmte. 

H. Topsde prepared*^ ennealiyarated sd^rinm selenate, Y2(Se04)3.9H20, in 
colourless, transp.irent, six-sided plates belonging to the rhombic system, and with 
the axial ratios /?: b : c= 1*0686 ; 1 : 0*5760 ; twinning occurs parallel to the 
( irwi)-plane : and the (blO) -cleavage is well dehnecl. The sp. gr. is 2*780. Pale red^ 
tabular, rhombic crystals of eimealiydrated erbium selenate, £12(8604)3.9^0, 
with the axial ratios aih : e=l *0752 : 1 ; 0*51685 were similarly prepared. The 
cleavage is parallel to the (lCK))-plane. The crystals are isomorphons with the 
yttrium salt. The sp. gr. is 3 * 171 . Colourless, monoclinic crystals of octohydrated 
yttriuiH iselenate^ Y2( 8004)3. SH^O, were also obtained in colourless, tabular, mono- 
clinic crystals of sp. gr. 2*895 ; likewise yellowish-red monoelinie crystals of octi>- 
bydrated erbium selenate, Er2(Se04)3.8H20, with the axial ratios a:h:c 
=3*0218 : 1 : 2*CCil2. and j8==61° 15'. The sp. gr. is 3*516. These tw“o salts are 
isomurplinus with octohydrated didymium selenate, Di2(Se04)3.8H20, also obtained 
in reddish, coliininar. monoclinic crystals of sp. gr. 3*239. P. T. Cleve obtained 
hesahydrated lanthaimm selenate/ La2(Se04)3,6H2O, crystaEized from a warm 
soln.j and the decahydraie^ by spontaneous evaporation ; a soln. of thi>s salt and 
potassium selenate furnished crystals of potassium lanthsniim selenate, 
KLa{Se04)2-4|H205 stable in dry air. Flattened prisms of ammoniiim laa- 
tliaii.11111 selenate, {2!7H4)La(Se04)2.4H205 were likewise obtained ; and a white 
crust, lanthaimm Senate, NaLa(Se04)2.2H20, which retains its water 

of crystallization in vacuo over sulphuric acid. J. A. N. Friend and A, A. Round 
prepared n^dyminisi selenate, hrd2{Se04}3, together with the corresponding 
and Moliyirale^ as well as a possible dodecakydr(^e. P. T. CIcve 
found that when a soln. of octohydrated samarium selenate, Sm2{BeO4)3.8Hg0, 
is evaporated over sulphuric acid at 18 °, sulphur-yellow crystals are obtained. 
The salt is soluble in water; at about 10°, the dc^ecahydrate is formed- Iso 
complex salt with sodium has been found, but potassium samaiiimi sdeaate, 
K2Sm(8e04)2.3H20, and ammonium samarium selenate, (NH4)2Sm(S€04)3.3H20, 
fcrm sulphui-jellow crystals when the aq. soln. is evaporated spontaneously. 

A. Bitte’® prepared titenyl sdenate, (Ti0)Se04.H20, or Ti02.H2Se04, by a 
method analogous to that employed for the stannyl compound — t'ide infm. 
H. Brenek also prepared a similar compound by boiling a soln. of a-titanic acid in 
hot diL sulphuric acid mixed with an eq. of selenic acid ; when half this amount of 
fcclenic acid is employed, the oxyselenate, 2Ti02-Se03.H2(b or titanyl iihydrcay- 
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selenates (Ti0)2(H0)2Se04, is formed. A. Ditte prepared zirconyl seleEate* 
(Zr0)Se04.H20,^ by the method used for^stannyl selenate {q,v.). M. IVeibuil 
obtained ziffCOniuin SBlonatey Zr(Se04)2.4Il20, by the spontaneous evaporation 
of a soln. of zirconium hydroxide in selenic acid. The 4-sided, and 6-sided plates 
belong to the hexagonal system. The salt loses 3 mols. of water at 100"^, and 
the fourth moi. at 120 —130 . The anhydrous salt is a little hygroscopic. It 
is soluble in water : and sparingly soluble in alcohol, and cone." acids. ‘When 
the aq. soln. is boiled, a basic salt is precipitated, P. T. Cleve prepared 
eimeahydrated thorium selenate, Th( 8004)2. OHgO, by evaporating a soln. of 
thorium hydroxide in diL selenic acid ; G. N. Wyroubofi used a small excess 
of selenic acid, evaporated the soln. at 35°-50°, and washed the product with alcohol. 
H. Topsoe said that the monoclinic, prismatic crystals have the axial ratios 
a: h : c=0'5984 : 1 : 0-6542, and ^=98° 26^. The (OlO)-cleavage is complete, 
•and the (OOl)-cleavage distinct; twinning occurs about the (ibO)-plane. The 
salt is isomorphous with the corresponding sulphate, and the sp. gr. is 3*026. 
R. Thalen made some observations on the crystals. P. T. Cleve found that 
the crystals lose 8 mols. of water at 120°~190° — G. N. Wyrouboff said 250° — and 
the rest at 400°. The salt is decomposed into thoria at about 1500°. P. T. Cleve 
said that 100 parts of water dissolve 0-5 parts of salt at 0°, and 2 parts at 100°. 
G. N. Wyrouboff said that the solubility is about one per cent. When a soln. 
of the salt in sodium selenate soln. is cooled, C. Manuelli and M. Cingolani said 
that colourless, monoclinic crystals of the octoJiydrate^ Th(Se04)2.8H20, are 
formed. Gr. N. Wyronboff said that the isomorphism of the salt indicates 
that it is enneahydrated not octohydrated. A. Bosati gave for the axial ratios 
of the monoclinic crystals of the octohydrate a:h: c—0-6037 : 1 : 0*6712, and 
j3=81° 40'. 

A. Ditte s prepared staxinyl selenate, (Sn0)Se04.H20, or Sn02.H2Se04, by dis- 
solving gelatinous stannic acid in warm selenic acid, and evaporating the soln, to 
a syrupy liquid. On cooling, transparent, rhomboidal lameilie or hexagonal prisms 
are obtained. This compound is produced in the presence of a large excess of selenic 
acid. The crystals are hygroscopic, and are decomposed by an excess of water with 
the separation of stannic hydroxide. 

E. Mitscherlich prepared lead selenate, PbSe04, as a white powder, by adding 
a sohi. of lead nitrate to sodium selenate; V. Lenher and C. H. Kao used a 
similar process ; A. Schafarik likewise obtained it as a white, crystalline powder. 
P. C. Mathers and F. Y. Graham obtained lead selenate by the action of 
lead dioxide or selenium dioxide at 100°. L. Michel obtained crystals iso- 
morphous with anglesite by melting the amorphous precipitate with a mixture 
of potassium and sodium nitrates at 300° for 2 hrs,, and after slowly cooling, 
lixiviating the mass with water ; he also obtained the crystals by melting lead 
chloride with a mixture of alkali selenate and sodium chloride* The mineral 
herstenite^ mentioned in connection with lead selenite, may be regarded as a lead 
selenate which is probably isomorphous with anglesite. A. Schafarik gave 6-37 for 
the sp. gr. at 22° ; and when melted it loses oxygen, passing into the selenite. 
C. A. Cameron and J. Macallan found that when the salt is heated, selenium dioxide 
is evolved. F. C. Mathers found that a layer of the selenate on a platinum dish as 
cathode, with dil. selenic acid as electrolyte, is partially reduced. H. Fonzes- 
Diacon found lead selenate to be more stable when heated than most of the other 
metal selenates, so that the temp, necessary for reducing the salt to lead selenide 
by means of hydrogen can be attained without losing much selenium dioxide ; 
carbon reduces the salt more easily than is the case with lead sulphate; and 
aluminium powder reduces the selenate with explosive violence, forming aluminium 
selenide. A. Ditte found that the action of hydrochloric acid, sodium chloride, and 
potassium iodide on lead selenate resembles their action on the sulphate. 
F. C. Mathers and R. S, Bonsib found that a soln. of ammonium carbonate converts 
the salt, in the cold, into lead carbonate and ammonium selenate. If basic lead 
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acetate he added to a soln. of sodium selenate, C. T. Barfoed obtained crrstal? of 
lead oxyselenate, Pb 0 .PbSe 04 , viiicli. iv'hen treated with acetic acid, form the 
normal salt. According to D. Stromhoim, if lead liydrosdde be added to O-OdBA"- 
( 11114 ) 28004 , until tlie soln. is free from selenic acid, a wliite, voluminous, crystallne 
mass of lead liioxyseleiiate, 2 PbO.PbSeO 4 .H 2 O, is formed. ‘Wben heated, it 
becomes pale yellowish-red. 

E. Szarvasy ® obtained sodium ortlioseleiioarseiiate, Na 2 AsSe 4 . 9 H 20 , together 
with selenotrioxyarsenate, when arsenic pentaselenide is dissolved in soda-lye. It 
crystallizes in ruby-red needles, which rapidly lose their water of crystallization 
when exposed to the air , it is readily soluble in water, and the soln. readily under- 
goes decomposition, selenium being deposited. ^lineral acids precipitate arsenic 
pentaselenide from its alkaline soln. in the form of a reddish-brown flocculent 
precipitate. W. Muthmann and A. Clever prepared potassiuin metaselenoarsenate, 
KAsSe 3 . 2 H 20 , by adding arsenic pentaselenide to a soln. of selenium in potash-lye, 
and, after the mixture had been heated some time, filtering into alcohol, and adding 
a small proportion of water in order to dissolve other compounds which are formed 
at the same time, and the product was then dried on a porous plate. It crystallizes in 
reddish-yellow prisms, and is easily soluble in hot water, but the soln. soon decom- 
poses, with the deposition of selenium ; alkaline soln. are somewhat more stable. 
Acids precipitate arsenic pentaselenide from the aq. soln. with the evolution of 
hydrogen selenide. With lead and silver salts, it gives a black precipitate ; with 
barium salts, a reddish-white precipitate, which rapidly decomposes. E. Szarvasy, 
and R. F. Weinland and 0. Runipf, prepared sodium trioxyselenoarsenate, 
aSra 3 As 03 Se.l 2 H 20 , or Se=As( 0 Na) 3 , by dissolving arsenic pentaselenide in soda- 
lye, but as the soln. readily decomposes when exposed to the air, it is necessary to 
work in an atm. of hydrogen. The salt may be obtained as colourless crystals on 
the addition of methyl alcohol to the aq. soln. ; the crystals, when left exposed to 
the air, lose their water of crystallization and turn red, owing to the liberation of 
selenium. The rhombic crystals are isomorphous with the corresponding tri- 
oxysulphoarsenate, and have the axial ratios a:h : c=0*9284 : 1 : 0*6409. Acids 
decompose the salt, giving a red precipitate while arsenic trioxide remains in soln. 
Silver and lead salts precipitate the corresponding selenide. 

W. Muthmann and A. Clever prepared sodium octoxytriselenodiarseiiate} 
3Na2Se.3Na2O.As2O5.50H2O, or Nai2As2O8Se3.50H2O, by warming arsenic penta- 
selenide with a cone. soln. of sodium hydroxide ; a hydrate of sodium monoselenide 
is at first precipitated, but on filtering, and mixing the filtrate with alcohol, the 
oxy-compound crystallizes out in white, elongated prisms, which are fairly stable 
on exposure to air. It is easily soluble in water ; acid precipitates selenium from 
the soln. and an arsenic selenide is not formed. With lead and silver salts, it gives 
a black precipitate ; and with barium chloride, a white, amorphous precipitate 
which is easily soluble in warm water. C. Messinger assumed that the compound 
contained 58 mols. of water of crystallization. W. Muthmann and A. Clever pre- 
pared potai^um trioxypentaselenodiarsenate, K 6 As 2 O 3 Se 5 . 10 H 2 O, or 

As <^> As "10H,0 

analogous to the corresponding sodium trioxypentasulphoarsenate The 

trioxypentaselenodiarsenate is obtained by gradually adding 5 grms. of arsenic 
pentasulpMde to a cone. soln. of 10 grms. of potassium hydroxide, while the mixture 
is cooled with ice. The liquid is filtered into 300 c.c. of absolute alcohol, and the 
orange-red, crystalline mass is washed rapidly with alcohol, and dried on a porous 
tile. It rapidly decomposes and darkens on exposure to air, and moisture, selenium 
being deposited ; it dissolves easily in water, forming a greenish-yeUow soln., and 
then decomposes rapidly with the deposition of red selenium. With salts of the 
heavy metals it gives dark, amorphous precipitates ; wdth barium salts, a reddish- 
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white compound, which decomposes very rapidly. When treated with acids, it 
yields arsenic pentaselenide. 

According to R. F. Weinland and G. Barttlingck, if a soln. of selenic acid, 
arsenic acid, and potassium hydroxide in the molar proportions 1:2:2 be 
evaporated on a water-bath, crystals of potassium selenatoarseuate, 2K2O, 
2SeO3.As2O5.3H2O, or KH2As04.KHSe04, are formed in colourless, rhombic plates ; 
and similarly also with rubidium selenatoarsenate, 2Eb2O.2SeO3.AsoO5.3H2O ; and 
with ammonium selenatoarsenate, 2(NH4)20.2Se03.As205.3H20r If the pro- 
portions indicated above be 1 : 4 : 1, colourless prisms of potassium pentaselenato- 
diarsenate, 3*5K2O.0-5SeO3.As2O5.5*5H2O, or else 2KH2AsO4.5KHSeO4.H2O, are 
formed. 

C. A. Cameron and J. Macallan obtained antimony selenate as a white, crystal- 
line mass, by dissolving antimony in hot selenic acid, and heating the liquid to 
drive ol! the excess of acid. The white mass consists of microscopic prismatic 
crystals which are neither decomposed nor dissolved by boiling water; they 
dissolved in hot selenic acid without forming an acid salt. They are only slightly 
soluble in other acids. G. Hofacker melted a mol of antimony selenide, 1*5 grm. 
atoms of selenium, and 3 mols of sodium carbonate mixed with carbon at a high 
temp. ; he extracted the mass with boiling water ; and dissolved in the liquor a 
gram-atom of selenium. The filtered soln. was evaporated for crystallization, or 
treated with alcohol whereby crystals of sodium selenoantimonate, Na3SbSe4.9H20, 
isomorphous with the corresponding sulphantimonate, were obtained. Large 
crystals appear orange-yellow and small ones, colourless. When heated, the salt 
melts in its water of crystallization, and at a higher temp, forms a brown mass, 
which then decomposes with the evolution of selenium. When heated at a low 
temp, in dry air it loses water and selenium. It is more sensitive to air than the 
sulphantimonate, and is rapidly coloured hyacinth-red. 100 grms. of water dissolve 
50 grms. of salt at 12® ; the dil., aq. soln., protected from air, slowly deposits grey 
plates, and sodium selenite remains in soln. Acids precipitate antimony penta- 
selenide incompletely from the aq. soln. Lead acetate, and sulphates of copper, 
iron (ous), nickel, and cobalt give black precipitates ; mercuric chloride and 
mercurous acetate, brownish-black precipitates ; zinc sulphate, a red pre- 
cipitate ; cadmium chloride, a reddish-brown precipitate ; and manganese sulphate, 
a brown precipitate. Silver nitrate gives an impure precipitate of silver seleuato- 
antimonate, Ag2SbSe4. By treating a soln. of bismuth carbonate in a similar 
manner, J. A. Cameron and J. Macallan obtained bisnmtli selenate in small, colour- 
less, prismatic crystals, insoluble in water ; and not decomposed by boiling water. 
The salt is soluble in selenic acid, hot sulphuric acid, and in nitric and hydrochloric 
acids ; and it is decomposed by alkali-lye. 

According to W. Prandtl and F. Lustig,^^ a soln of vanadatoselenic acid, or 
selenatovanadic acid, 3V2O6.4SeO2.4H2O, is produced by dissolving vanadium 
pentoxide in selenic acid. The soln., cone, on the water-bath, is yeUowish-biown. 
Gr. Gain found that by dissolving hydrated hypovanadic acid, V2O4.2H2O, in dil. 
selenic acid, a blue liquid is produced which, on evaporating for 15 days in vacuo, 
deposits bright blue, deliquescent, crystalline hypovanadic sdcnate, ¥204.3*58603, 
IH2O ; and if an excess of selenic acid is used, a blue, still more deliquescent salt, 
y204.5Se03.10H20, is obtained. These salts differ from the corresponding sul- 
phates, only in the proportion of water. J. Meyer and E. Maxkowicz found that 
in the electrolytic reduction of vanadic salts in the presence of selenic acid, the 
latter is also reduced, and that attempts to prepare vanadium selenium alum, 
or vanadium selenate, were not successful. A red vanadium acetosdenate, 
V2{CH3.C00)(Se04)4.?iH20, was obtained by adding selenic acid to a cone. soln. 
of vanadium acetate. The greenish- white precipitate was quickly washed and dried 
in an atm. of carbon dioxide. 

E. Metzner n obtained tellurium selenate, 2Te02.S03, from a soln. of tellurium 
dioxide in boiling sulphuric acid. C. Fabre prepared a soln. of chromic selenate. 
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012(8604)3, as in tEe case of chromic sulphate. J. Meyer and Y. Statecznv ftnnd 
that seienic acid dissolves chromic acid at 23 ” : 

Selenic acid, H^SeO^ . . . 55*1 SI *2 S7-9 96-2 SS*5 per eer*t. 

Chromic acid, CrOg . . . S-65 U-16 0*29 0-17 0-35 ,, 

They obtained ckromatoselemc acid^ HoCiSe07, by the action of 20 ^grms. of ehiomic* 
acid on 50 grms. of 9-8 per cent, selenic acid. The orange precipitate melts at 
200 °- 205 ° to a dark wine-red liquid, which, when further heated, gives od oxygen. 
It is only sparingly soluble in cone, sulphuric acid ; and insoinbie in carbon 
disulphide, carbon tetrachloride, and chloroform. It is readily reduced by organic 
and inorganic compounds to form chromic salts and seleniiiin. diosde. Alcohol 
is immediately inflamed ; and a mixture of sngar and potassium chloride explodes 
vigorously in contact with a drop of cliromatoselemc acid. Eq. proportions of 
potassium selenate and chromic anhydride form potassitim ckromateelenatej 
K2CrSe07, or K2[Cr03(Se04)], when heated in a sealed tube on a water-bath. The 
salt melts at 138 "^, and resembles potassium chromatosulphate The corresponding 
baxiiim cbromatoseleimte, BaSeCrOy, or Ba[Cr03{Se04)], was prepared in a similar 
w”ay. When heated, it decomposes before melting. J. Meyer and L. Speich pre- 
pared violet chromic selenate, [Cr(Il20)6]2(Se04)3.3 or ■4:H20, by adding selenic acid 
to a cold soln. of ^dolet chromic nitrate, and adding alcohol. The salt is freely 
soluble in water, from, which it is precipitated by alcohol or acetic acid. Its aq. 
soln. dissolves chromic hydroxide with formation of green basic salts. When the 
violet salt is heated in soln. or in the solid state at 90 *^, it changes irreversibly into 
a green chromiselenate. The green salt prepared in the solid state has the com- 
position Gr2(Se04)s.l0H20, and dissolves very slowly in water, probably 
only after addition of water. The green salt may have a constitution of the type 
[Cr(Se04){H20)3]2Se04. When a soln. of the violet salt is boiled for some time, 
a green compound is formed which is precipitated by alcohol as a green oil and 
dries to an amorphous green solid. It is very soluble in water and gives no pre- 
cipitate with barium salts or with ammonia. It is probably triselenatodiromic 
acid, H3[Cr(Se04)3]. 

C. Fabre found that when a soln. of chromic selenate is mixed with ammonium 
selenate, the violet soln. deposits octahedral, reddish- violet crystals of ammonium 
eliromic selenate, (NH2)2S04.Cr2(Se04)2.24B[20, or mnymnium selenatmlimumiie^ 
XH4Cr(Se04)2.12H20. 6. Fettersson said that the sp. gr. is 1-984 at 26 ®. C. Fabre 

added that the violet soln. becomes green at 65 ®- 60 ®. The green soln. crystallizes 
only when alowed to evaporate spontaneously for several months. The corre- 
sponding salts with ethylamine and propylamine in place of ammonia were pre- 
pared, The ammonium chromic alum so obtained is a type of the chromium- 
sehmium aiunis, analogous to the aluminiuni-selemum alums, and the alums proper. 
C. Fabre likewise prepared sodium chromic selenate, ISra2Se04.Cr2{8e04)3.24H20, 
or S€dium selenaUmhromate, IsraCr(Se04)2.12H20 ; potassium chromic selenate, or 
sdefiMochromaies KCr(Se04)2.12H20. The latter salt was made by 
E. WohlwiE ; and O. Fettersson gave 2-078 for the sp. gr. at 173 ®. il. Sauer, and 
G, J 00s studied the absorption spectrum of the crystals. C. Fabre prepared in a 
similar maimer ruMdium chromic selenate, or rabidinm sd^mAochrmiaie^ 
E.bCr(Se04)2.12H20, which, according to 0 . Fettersson, has the sp. 2*219 at 
17 - 9 . H. &uer examined the absorption spectrum. G. Fabre likewise prepared 
csesiiim chromic selenate, or ccesium selenat ochr ornate ^ GsGr(Se04)2.1 2H2O; H. Sauer 
examined the absorption spectrum. C. Fabre prepared ihalloilS chromic sdenate 
or tkoMous selenMochroniate^ TlCr(Se04)2.i2H20, in deep violet crystals, almost 
black by reflected light. 0 . Fettersson gave 576-6 for the mol. voi. H. Sauer 
examined the absorption spectrum. 

J, Meyer and B. Speich prepared chromic cMorop^tafismeteim^ 

[Gr{H20)5ClJSe04.3H20, by treating the corres|>ondlng chromic chloride with 
swliiim selenate; it furnishes a green powder freely soluble in water, and 
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alcohol. Other chloroselenates corresponding with the known chlorosulphates 
were not siiccessfQll7 ])repared. Tliey also prepared chromic dichlorotetraquo- 
hesaQ.UOSCl6nat6s [C'rC'l2(Il20)4 l(8e()4)2[Cr(IIc>0)^], from a soln. of 4 parts of chroniic 
dichlorotetraquochloride, and 10 parts of violet chromic chloride. It is a green, 
crystalline powder freely soluble in water, and sparingly soluble in alcohol. No 
complex salts of the type LCrCl2(H20)4](S04)2M(H20)6] were prepared. They 
obtained chromic hexamminoselenate, [Cr(NH3)6](Se04)3, from the corresponding 
nitrate and selenic acid. It is precipitated from its aq. soln. by alcohol as a heavy, 
crystalline powder. This salt is amorphous, the corresponding sulphate is penta- 
hydratecL Silver selenate and chromic chloropentamminochloride furnish chromic 
cMoropentammiiioselenate, [Cr01(NH3)5]Se04, as a heavy, red, amorphous powder 
sparingly soluble in water ; the corresponding sulphate is dihydrated. Chromic 
hexacarbamidochloride and silver selenate give chromic hexacarbamidoselenate, 
[Gr(NH2.C0.NH2)6]2(Se04)3. The green crystalline powder is soluble in water, 
and is precipitated from its aq. soln. by alcohol ; and chromic trisethylenediamido- 
selenate, [Cr en3]2(Se04)3, w^as obtained as a reddish-yello'w crystalline powder 
from the corresponding chloride and silver selenate. It is soluble in vrater ; and 
is precipitated by alcohol from its aq. soln. 

E. Wendehorst digested a mixture of selenic and molybdic acids on a water- 
bath for several days, and on evaporating the liquid layer, obtained a crystalline 
mass of selenato molybdic hexoxide, 8063 M0O3. When this product is mixed 
with a little water, and dried at 110°, it furnishes the dihydrate, Se03^Mo03.2H20. 
No other hydrate was obtained. Titration with potassium hydroxide, using 
phenolphthalein as indicator, shows that the dihydrate is a tetrabasic selenato- 
molybdic acid, H4SeMo08. The acid is hygroscopic; it gives a blue colour with 
alcohol, and ordinary acetone, but purified acetone gives no such effect. Potassium 
permanganate does not react with the acid, but with hydrogen dioxide, the orange 
colour of a permolyhdate is produced. 

According to R. Sendtner,!^ uranium tiitoctoxide dissolves with difficulty in 
selenic acid, whereas uranyl hydroxide is readily dissolved. He reported uranyl 
selenate, (U02)Se04.??H20, to be formed as a gummy mass by evaporating on the 
water-bath a soln. of uranyl hydroxide in selenic acid ; it can be dried in a desiccator. 
If a soln. of uranyl hydroxide in hot selenic acid be evaporated on a water-bath to 
a syrupy consistency, and the acid soln. allowed to stand a few days at 0^-4° a pale 
yellow, deliquescent mass of uranyl hydroselenate, (XJ02)H2(Se04)2.18H20, is 
formed ; as well as greenish-yellow needles of uranyl bydrotriselenate, 
(U02)2H2('^®04)3.18H20. There is nothing to show that all these products are not 
really mixtures. T. Sendtnoi also prepared yellow crystalline masses of ammonium 
uranyl selenate, (NH4)2(XJ02)(8e04)2.2H20, from a soln. of ammonium uranate in 
dil. selenic acid ; or by adding ammonium selenate or ammonium uranyl selenate 
to a soln. of uranyl oxide in selenic acid. The salt is soluble in water. The corre- 
sponding potassium uranyl selenate, K2(U^2)(*‘^®04)2.2H20, was prepared^ in a 
similar manner. J. Meyer and E. Kasper pointed out that with the exception of 
oxygen, the oxides of the elements of the sixth group combine with the -oxides of 
elements of other groups to form heteropoly-acids. The electrolysis of these 
complex acids furnishes an anode liquid containing a complex uranic acid. Belenic 
and uranic acids thus furnish yellow selenatouranic acid, H2LU03(Se04)].2H20, 
when a soln. of 32 grms. of uranyl nitrate and 10 grms. of selenic acid is concen- 
trated in vacuo, and then allowed to crystallize. It is decomposed in dil., aq. 
soln. : H2LU03(Se04)].12H20^3H20+(U02)Sea4. When a soln. containing a 
gram of this acid, and 1-8 grms. of potassium selenate, is boiled, potassium hydro- 
selenatouranate, KH[U03(Se04) l.HoO, is formed ; and similarly with ammonium 
hydroselenatouranate, (NH4)H[U03(Be04)].3H20. Again, greenish-yellow dise- 
lenatouranic acid; He[U03(Se04)3].2H20, is formed by evaporating a soln. of 
32 grms. of uranyl nitrate and 15 grms. of selenic acid ; while potassium tetrahydro- 
diselenatour^te, K2H4[U04(Se04)2].H20, and SH^O is formed by evaporating a 
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mixed soln. of 3*2 grms. of potassium uranate in 10 grms. of selenic acid. Tlie 
ammordum and potassium complex vsalt prepared by R. Sendtner may beloug 
to tliis series. Salts of an unknown triselenatooranic acid, H6[E03(Se04)gf 
were^ obtained — sodium diliydrotriselenatoiiraiiate, Ya4H2[U03{Se04)3].Ho0, was 
obtained from a soln. of 5-5 grins, of selenatouranic acid, and 8 grnis. of "sodium 
selenate; and sodium dlammouium triselenatouranate^ Na 4 (]STi;) 2 [U 03 (Se 04 ) 3 i 
IOH2O, by tbe action of ammonia on the preceding salt under dry ether. A soln. 
of 32 grins, of uranyl nitrate and 20 grms. of selenic acid furnishes yellowish-green 
triseleuatouranyluranic acid, H6[U02(U03)(Se04)3].7H20, and if a soln. is electro- 
lyzed, crystals of the octodecahyirate collect in the anode chamber. If a soln. of 
3*2 grms. of potassium uranate in 10 grms. of selenic acid be evaporated, it furnishes 
potassium tetrahydrotriselenatouraiiy^^ E2H4[U02(U03)(Se04)3],H20. 

E. Mitscherlich obtained manganese selenate, MnSeO^.wHgO, by crystalliza- 
tion from the aq. soln. ; if at 30°-60°, rhombic plates or needles of the dihydraie, 
MnSe04.2H20, are formed which, according to H. Topsoe, have the axial ratios 
(I : h : c— 0*9959 : 1 : 0*8849, and which are isomorphous with the cadmium salt. 
V. Lenher and C. H. Kao obtained a soln. of the salt by the action of the acid on 
the carbonate. K jMitscherlich found that the crystals are soluble in water, and 
their sp. gr. is 2*949 ; O. Pettersson gave 3*006. If the soln. be crystallized at 5° 
(E. Mitscherlich), or at ordinary temp. (H. Topsoe), the fentahydrate, MiiSe04.5H20, 
is formed in pale red crystals isomorphous with the sulphate. H. Topsoe gave for 
the axial ratios of the triciinic crystals a : b : c=0*5552 ; 1 : 0*5393, and a=113® 11', 
35', and y=92® 58'. Ko marked cleavage was observed. The sp. gr. is 
2*334 ; 0. Pettersson gave 2*388. H. Topsoe added that the salt is freely soluble 
in w’ater ; and that the aq. soln. on standing, or when -warmed, deposits some 
manganese hydroxide. 0. Schaefer and M. Schubert studied the ultra-red reflection 
spectrum. H. Topsoe found that when a mixed soln. of ammonium and manganese 
selenates is allowed to crystallize, ammomum manganous selenate, (NH4)2Mn(&04)2. 
6H2O, is formed in pale red crystals isomorphous with the sulphate. The hole- 
hedral, prismatic, monoclinie prisms have the axial ratios a : b : c= 0*741 6 : 1 : 1*4979, 
and ^=106® 14' ; A. E. H. Tutton gave 0*7427 : 1 : 0*4979, and 16' ; the 

topic axial ratios are x * ^ • ^o=6*3577 : 8*5302 : 4*2750. The (201)- and (010)- 
cleavages are marked. The optic axial angles are : 


Li-line. O-line. 

2U . 120° 42' 120° 47' 

2H« . 63° 42' 63° 41' 

2Ho . 97° 4' 97° 1' 

2Va . 70° 17' 70° 18' 


121° 50' 
63° 32' 
96° 36' 
70° 23' 


Tl-iine. 
122° 58' 
63° 19' 
96° 1' 
70° 28' 


Cd-line. jP-Iine. 

123° 40' — 

63° 10' 62° 58' 

95° 37' 95° 9' 

70° 31' 70° 34' 


The angle 2E decreased 6° 40' -with a rise of temp, from 15° to 75°. The sp. gr. is 
2*158 at 20°/4°, and the mol. vol. 223*35. The indices of refraction axe : 


Li-liue. 
a . . 1*5124 

p . . 1*5163 

y , . 1-5249 


C-line. ISTa-Kne. 

1*5129 1-5160 

1-5169 1-5202 

1-5255 1-5288 


Tl-line. Gd-line. 

1*5194 1-5214 

1*5237 1*5256 

1*5323 1-5343 


1*5235 1-5394 

1-5276 1*5340 

1*5364 1-5469 


A rise of temp, of 50° diminished the refractive index about 0*0010. The sp. 
dispersions for a, j3, and y are respectively 0*0137, 0*0038, and 0*0038, and 

the mol, dispersions respectively 1*81, 1*87, and 1*88. The sp. refractions for Hie 
0-Kne and the are 0*1393, 0*1402, and 0*1422 respectively *, and the 

mol. retractions respectively 67*12, 67*56, and 68*51 ; and the mol. dispersions for 
thep-formula are respectively 114*55, 115*45, and 117*37. The crystals are stable 
in air, and the sp. gr. is 2*093. H. Topsoe obtained potassium manganous 
K2Mn(Se04)2.2H20, in an analogous manner. The triclinic crystals have the 
axial ratios u:h: c =0*6911 : 1 : 0*4432, and a =86° 30', ^=84° 34', and y =101° 58', 
and they are isomorphous with the corresponding sulphate. G. N. Wyrouboff also 
examin^ the crystals. H. Topsoe added that the sp. gr. is 3*070. The salt is 
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atable in air ; freely soluble in water, and when the sola, is heated, brown man-^anese 
hydroxide separates out. 0. Schaefer and M. Schubert studied the ultra-red 
reflection spectrum. Neither A. E. fl. Tutton, nor H. Topsoe succeeded in pre- 
paring the hexahydmlc, Ki,Mn(Se04)2.6H20, nor has the hexahydrated potassium 
manganous sulphate been prepared ; but the hexahydrated rubidium manganous 
selenate, Rb2Mn(ye04)2.6ll20, was obtained by A. E. H. Tutton from a soln. of 
the component salts in equimolar proportions. The pink, holohedral, prismatic, 
monoclinic crystals have the axial ratios a:h: c=0-7422 ; 1 : 0-5008, and”j8=105° 9' ; 

the topic axial ratios are x-’P- co^.^6-3333 : 8-5332 : 4-2734 ; the (201)-cleavage is 
good. The optic axial angles are ; 



LWinc. 

(Miiio. 

Na*linc. 

Tl-line. 

Cd-line. 

FAiriQ. 

2/:; . 

112^ IF 

112° 12' 

112° 24' 

112° 24' 

112° 45' 


2//« . 

59" 36' 

59° 33' 

59° 21' 

59° 3' 

58° 51' 

58° 36' 

Mo . 

99° 40' 

99° 39' 

99° 16' 

98° 47' 

98° 28' 

98° 9' 

2 Fa . 

06° 6' 

66" 5' 

66° 2' 

66° 0' 

65° 57' 

65° 52' 


A rise of temp, from 15° to 75° decreases the optic-axial angle 2E by 3° 30'. The 
sp. gr. is 2-7G3 at 20°/4°, and the mol. vol. is 222-92. The indices of refraction 


are ; 
a 

fl • 

7 • 


1*5050 
3 -5105 
1-51220 


l-50t$4 

1*5110 

1*6220 


Na-lbic. 

3*5094 

1*5140 

1*5258 


THIno. 

1*6126 

1*5172 

1*5292 


(Jd-lino. 

3*5163 

1*5190 

1*5312 


1*5163 

1*5210 

1*5332 


(Mine. 

1*5225 

1*5270 

1*5396 


A rise of 50*^ in temp, produces a lowering of tlie refractive index of 0*CX)13. The 
sp, dispersions for a, andy are respectively /z-n— /ic=0'0029, 0-0029, and 0-0030 ; 
and the mol. dispersions are respectively 1*77, 1-78, and 1-84. The sp. refractions 
for the 0-line and the jU“-formula are respectively 0*1076, 0-1084, and 0*1103; the 
mol. refractions, respectively 66-27, 66*78, and 68-06, and the mol. refractions with 
the ju-formula, respectively 112*88, 113*91, and 116*50. A. E. H. Tutton prepared 
similar monoclinio crystals of CdBsium manganous selenate, Cs2Mn(Se04)2.6H2Q, 
with the axial ratios a:h: c=0*7319 : 1 : 0*4937, and j3=106° 22' ; the topic 
axial ratios are x • • ta*=6*4297 : 8*7860 : 4*3547. The (201)-cleavage is perfect. 
The optic axial angles are : 



Li-Hnc. 

C-llno. 

Na-lino. 

Tl-llne. 

Cd-llne. 

jP-line. 

2JS . 

120° 54' 

120° 50' 

120° 22' 

120° 5' 

119° 44' 

— 


62° 59' 

62° 54' 

62° 33' 

61° 59' 

61° 35' 

61° 13' 

2Ho . 

98° 50' 

98° 43' 

98° 27' 

98° 10' 

98° 2' 

97° 49' 

2Vu . 

69° 3' 

69° r 

68° 49' 

68° 33' 

68° 17' 

68° 5' 


A rise of 55*^ decreases the optic axial angle 2E by 5°. The sp. gr. is 3-008 at 2074° ; 
and the mol. vol. is 235*01. The indices of refraction are : 


LHIeo. 
a . . P5215 

jS . . 1-5243 

y . . 1-5301 


0-liao. Ka-ltae. 

1*5220 1*6250 

1*5248 1-6279 

1*5306 1-6338 


THine. Cd-llne. 

1*6283 1-6302 

1*6312 1-6331 

1*6373 1-5394 


Jf'-line. G-Iine. 

1-5323 1-5379 

1*5350 1-5605 

1-5415 1-5474 


A rise of 50^^ in temp, decreases the index of refraction about 0*0011, The sp. 
dispersions for a, j3, andy are respectively 0*0026, ^d the mol dispemioM 

respectively 1-83, 1-80, and 1*89. The sp. refractions for the G-Jme 
/x2-formula are respectively 0-1014, 0-1018, and 0-1028, wlule the mol refection 
are respectively 71-98, 72-30, and 72-97 ; and the mol. r^actiom for the ^-f;ormuia 
are 123-20, 123-86, and 125-23. L. C. Lindsley and L. M. Den^ prepared ttialtow 
manganous selenate, Tl2Mn(Se04)2.6H20, isomorphous 
thallous salts of copper, magnesium, cobalt, and nickel A. Jt. il. u ^ 
a:l: c=0-7463 : 1 : ^4993, and j8=^105'" 29' for* the monodinic 

crystals ; the topic axial ratios are x ^ ^ • a)~6-3584 : 8*5200 : 4-2540. T sp. gr. 
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is 3*833 at 20^/4“. and the inoL V',! 
indices of lefraetion are : 



7 - 


Li- 

72' i' 
1^6213 

1*6464 


€- 

72" 4' 
1*0219 
i*03Ty 
i*647y 



1^5271} 
1-0429 
i -OoSI 


TI- 
TS" aS' 
1-0343 
I-649G 
1-659S 


asia! angle 21’, . ai tie 

lel 

j M) 

.3' p/ 73" * sr 

i-637& i ti 

i-6534 l-b:£379 

1-6640 i -6*^1385 


The formula for S is TBilT— 914363A"“-— 2T239iX*OOOOlHjA“^ — . - for ’%*6147 
is dimiiiislied by 0*0153 ; and for/, raised by 0*0102. The mol. refractions the 
^-formula, for a, p, and /, are respectively iS8*12, 141*48, and 143*70 ; t ae sp, 
refractions by the |LL--formiila respectively 0*0919, 0*0936. and 0*0948, and tht^mcL 
refractions, respectively 78*21, 79*72, and 80*71. A. Mailhe reported the forn^Bticn 
of potassium manganic tetraselenate, Ei2^®C)43Li.2(56C)4 ,3.24H20. potass iunii /rjar^- 
ganic selenium alum, in octahedral crystals. 1 

H. Topsoe said that iron is only slowly attacked by selenie acid at ordinary 
temp., hot when warm, selemuin separates and hydrogen selenide is evolv'ed-h 
ride supra, selenie acid. E. lYohlwili prepared ferrous selenate, FeSe04.MH20, 
from selenie acid and iron wire ; if the soln. is evaporated in an atm. of hydrogeiTor 
carbon dioxide, and allowed to crystallize while hot, the pentaJiy irate, FeSeO^.oHoO. 
is formed in crystals resembling those of copper sulphate. This salt is also formed 
when the lieptahydrate effloresces in air. If the soln. be allowed to crystallize at 
a low temp., near 0°, crystals of the heptaJiydrate, Fe8e04.7H20, isomorphons 
with the sulphate, are formed. H. Topsoe also obtained this salt in pale, green, 
monoclinic crystals, from a soln. of ferrous carbonate in selenie acid. A. E. H. Tntton 
found that the reaction with ferrous carbonate — chalybite — and selenie acid occurs 
too slowly, and he obtained the soln. by the action of ferrous sulphide on a eonc. 
soln, of selenie acid. The hydrogen sulphide liberated in the primary reaction 
reduces the selenie acid to some extent in accordance with the equation 
3H2S-rH2Se04=Se-r^S4-4H20, but this does not interfere with the application 
of the method. If the filtered soln. is allowed to crystallize, monoclinic crystals of 
FeSe04.7H20 isomorphous with FeS04.7H20 are obtained. The crystals of the 
selenate are much less stable than those of ferrous sulphate, and become opaque 
with such rapidity that it has not been possible to make any accurate goniometric 
observations with them. The crystals were also examined by G. H. WyxouboS. 
W. Manchofc and E. Linckh studied the combinations with nitric oxide — ^ferrous 
Bltrosyiselenate, FeSeO4.NO — vide nitric oxide, 8. 49, 35. H. Topsoe obtained 
aminomiim ferrous selenate, (NH4)2Fe(Se04)3.6H20, by evaporating at ordinary 
temp, a mixed soln. of the component salts. The pale green, monoclinic 
crystals have the axial ratios : 5 r 0=0*7405 ; 1 : 0*5012, and p=73*'4i‘'. 
A. E, H. Tutton gave 0*7433 : 1 : 0*5209, and jS=106® 9’ ; and for the axial ratios 
^ ^ : n>=;=6*3212 : 8*5043 : 4*2684. The (201) -cleavage is good ; the (010) -cleavage 
is not shown. The optic axial angles are ; 



Li-Ene. 

C-Iiae. 

Na-iiue. 

TMine. 

Cd-Hne. 


2^ . 

145“ 41" 

146“ r 

148“ 35' 

149° 24" 

150° 31" ■ 

151° 20" 

• 

70“ 31" 

70“ 26" 

70° 18' 

70° 5' 

69° 56" 

69° 48" 

2Bo - 

Br 45" 

91° 42" 

91° il' 

90° 38' 

90° 22' 

90° 8' 

2 P a • 

77“ 36" 

77° 37" 

77° 46' 

77° 50" 

77° 52' 

77° 54' 


The angle 2E decreases by 11® 24' when the crystals are heated to about 60°, 
H. To|» 6€ and C. Ghristiaiiseii gave 2 jE 1=142® 50', and 2F^=76®48h H. Topsoe 
gave 2*160 for the sp. gr., used for the moL voL 225*4. A. E. H. Tutton gave 2-191 
for the sp. gr. at 2074:% und 220*39 fox the inoL vol. The indices of refractioii are : 



li-line. 

C-line. 

ISTa-line. 

Tl-Hne. 

Cd-liixe. 


G-Mm, 

a 

. 1*5177 

1*5182 

1*5216 

1*5251 

1-5271 

1-5291 

1*9356 

p - 

. 1-5241 

1*5246 

1-52S0 

1*5314 

1*5334 

1*6354 

1*5422 

y • 

. 1-5343 

1*5348 

1*5381 

1-5416 

1*6437 

1*5457 

1-5524 
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With a rise of temp, of about 50°, a decreases by 0-0013 ; by 0-0016 ; and y by 
0-0018. The sp. dispersions, /xg— a, and y are respectively 0-0038, 0-0039, 
and 0*0039 ; and the mol. dispersions, respectively, 1-87, 1*88, and 1-87. The sp. 
refractions for the (7-line and the /x^-formula are respectively 0-1384, 0-1398, and 
0-1420 ; and the mol. refractions, 66-81, 67-50, and 68*59. The moL re&actions 
for the /x-formula are respectively 114*21, 115-62, and 117-87. According to 
H. Topsoe, the dry salt is fairly stable in air, but the aq. soln. decomposes rapidly 
when warmed, depositing a basic salt. Similarly with potassium ferxons selenate, 
E2Fe(Se04)2.6H20, which furnishes pale green, monociinic plates of the hexa- 
hydrate, with the axial ratios a:h: c=0-7407 : 1 : 0*5507, and ^=75° 45^ 
A. B. H. Tuttoii gave 0-7490 : 1 : 0-5044, and j8=105° 50' ; and for the topic axial 
ratios x * ^ * <^=^‘2230 : 8*3083 : 4*1908. The (201) -cleavage is shown by the 
crystals. The optic axial angles are : 



Li -line. 

C-line. 

Na-line. 

TMine. 

Cd-Ime. 

P-linc. 

2T^o - 

116" 49' 

116° 48' 

116° 42' 

116° 35' 

116° 30' 

116° 24' 

2F« . 

63'= 11' 

64° 12' 

64° 18' 

64° 25' 

64° 30' 

64° 36' 


The sp. gr. is 2*494 at 2074°, and the mol. vol. 210-39. The indices of refraction 
are : 


Li-line. 

C-line. 

Ka-line. 

Tl-line. 

Gd-Une. 

jF-line. 

G-line. 

1-5059 

1-.5064 

1-5095 

1-5127 

1-5145 

1-5194 

1-5224 

1-5144 

1-5149 

1-5182 

1-5225 

1-5215 

1-5253 

1-5314 

1-5306 

1-5311 

1-5245 

1-5379 

1-5399 

1-5421 

1-5483 


The sp. dispersions, /xg— / xc, for a, andy are respectively 0*0032, 0*0032, and 0*0033, 
and the mol. dispersions 1*64, 1*70, and 1*75. The sp. refractions for the C-line, 
and the /x^-formula are 0-1192, 0-1209, and 0*1241 respectively; and the mol. 
refractions respectively 62*55, 63-43, and 65-10. The mol. refractions by the 
fc-formula are respectively 106-54, 108-33, and 111-74. H. Topsoe found that the* 
aq. soln. decomposes as in the case of the ammonium salt. Hot aq. soln. also 
deposit triclinic crystals of the dihijdmte, isomorphous with the manganese salt. 
According to A. E. H. Tutton, the dihydrate is formed in monociinic crystals if 
the soln. he evaporated at ordinary temp., and the hexahydrate when the temp, 
is near 0°. 

A. E. H, Tutton found that rubidium ferrous seleuate, Eb2Fe(Se04)2.6H20, 
furnishes pale hluish-green, holohedral, prismatic, monociinic crystals with the 
axial ratios a :h: c =0-7424 : 1 : 0-5(X)0, and )3=104° 57', and the topic axial ratios 

^ : £0=6-3109 : 8-5006 : 6-2503. The (201)-cleavage is good. The optic axial 
angles are : 



Li-line. 

C-line. 

Na-line. 

Tl-line, 

Cd-line. 

jP-line. 

2E . 

130° 27' 

130° 32' 

131° 5' 

131° 38' 

132° 0' 

132° 33' 

2Ha . 

66° 36' 

66° 4' 

66° 17' 

65° 39' 

65° 47' 

65° 33' 

mo . 

94° 30' 

94° 26' 

94° 5' 

93° 39' 

93° 22' 

93° 6' 

ma . 

73° 35' 

73° 34' 

73° 32' 

73° 30' 

73° 28' 

73° 26' 


A rise of 70°^ in temp, increases the angle 2F by 2°. The sp. gr. is 2-8CH} at 2074°, 
and the mol. vol. 220-29. The indices of refraction are : 


Li-line, 
a . 1-5099 

3 . - 1-5165 

7 . . 1-5290 


(7-line. Na-line. 

1-5104 1-5133 

1-5170 1-5200 

l-r.295 1-5328 


Tl-line. Od-line. 

1-6165 1-6184 

1-6233 1-5252 

1-5363 1-5382 


jP-Une. G-line. 

1-5202 1-5264 

1-5272 1-5334 

1-5404 1-5467 


A rise of temp, of 50° decreases a by 0*(X)16, p by 0*0018, andy by 0*0021. The sp. 
dispersions, /xg~~/xc, for a, j8, andy are 0*(X)28, 0-0029, and 0*(X)30 respectively ; and 
the mol. dispersions, 1-73, 1*76, and 1-83 respectively. The sp. refractions for the 
0-line and the ju^-formula are respectively 0TO69, 0*1080, and 0-1102 ; and the 
mol refractions 65-93, 66*65, and 68*00 respecMvely. The mol. refractions for the 
/x-formula are 112*44, 113*89, and 116*65 respectively. A. E. H. Tutton prepared 
caesium ferrous selenate 'ls2Ee(Se04).6H20, in hluish-grey, holohedral, prismatic, 

VOL. X. 3 L 



882 


INORGANIC AND THEORETICAL CHEMISTRY 


monocliiiic crystals witli the axial ratios a : 5 : c=0'7308 : 1 ; 04979 anr 
^=106'' 2'; and the topic axial ratios x • ^ : S-T366 : 4-3499! Tk 

(201)-cleavage is excellent. The optic axial angle 2E in air is too large for measnre- 
Hient ; the other angles are : 



Li-lme. 

C-lme. 

Xa-line. 

Tl-lme. 

Cd-line. 

J'-iine. 

2Ha ■ 

. 75° 28' 

75° 23' 

75° 0' 

74° 26' 

74° 7' 

73° 53' 

2Ho 

87° 33' 

87° 27' 

87° 22' 

87° 6' 

87° 58' 

86° 49' 

2Va 

82° 58' 

82° 56' 

82° 47' 

82° 33' 

82° 25' 

82° 20' 


The sp. gr- is 3-048 at 20°/4°5 and the mol. vol. 233*21 . The indices of refraction 
are : 

Li-iine. C-line. Xa-line Tl-line. Cd-line. J’-llne. 6^1ioe 

a . 1*5269 1*5274 1*5306 1*5339 1*5359 1*5379 1*5449 

j8 . . 1*5317 1-5322 1-5352 1*5385 1*5405 1*5425 1*548S 

7 . 1-5379 1-5384 1*5414 1*5450 1-5470 1*5491 1*5555 

The sp. dispersions, /aq-— /- f-c, for a, and y are 0*0027, 0*0026, and 0*0027 respec- 
tivelj ; and tlie mol, dispersions, respectively 1*90, 1*87, and 1*92. The 
mol. refractions for the C-line and the />t--forninla are respectively 0*1009, 0*1017, 
and 0*1027, and the mol. refractions respectively 71*74, 72-29, and 72*99. The 
mol. refractions for the /x-formnia are respectively 122*99, 124*11, and 125*56. 
A. E. H. Tutton found that the monoclinic crystals of thalloiis ferrous selenate, 
Tl2Ee(Se04)2.6H20, have the axial ratios a : h : c=0*7445 : 1 ; 0*5011, and 
JS=105° 27^ ; the topic axial ratios are x • * to=6*2846 : 8-4415 : 4*2300. The 

sp. gr. is 3*940 at 20°/4®, and the mol. vol. 216*30. The optic axial angles, and the 
indices of refraction, are : 



u- 

C- 

Na- 

Tl- 

Cd- 


2Va . 

69° V 

69° 6' 

69° 36' 

70° 3' ' 

70° 20' 

70° 45' 

2E . 

125° 25' 

125° 48' 

130° 6' 

134° 18' 

135° 48' 

140° 30' 

a 

1-6291 

1*6297 

1*6352 

1-6415 

1*6452 

1*6496 

^ * 

1-6453 

1-6459 

1*6514 

1*6578 

1*6617 

1*6662 

y 

1-6527 

1*6533 

1*6589 

1-6655 

1*6695 

1*6743 


The formula for ^ is l*6265+745318A72-f4616300000000A--^+ . . . ; for a, 1*6265 
is decreased by 0*0162, and fory, raised hy 0*0075. The mol. refractions hy the 
/x-formnla for a, j8, and y are respectively 136-20, 139*71, and 141*31 ; the sp. 
refractions by the /x-^-formula are respectively 0-0903, 0*0921, and 0*0929, and the 
mol. refractions respectively 76*93, 78*50, and 79*21. 

C. Boncagliolo prepared mbidium ferric selenate, Rb2Se04.Fe2(Se04)3.24H20, 
or rubidium selenatofermte, KbEe(Se04)2.12H20, hy dissolving freshly precipitated 
ferric hydroxide in an excess of selenic acid, and adding the calculated amount of 
xuhidixmi carbonate. The soln. deposits the salt in pale violet crystals belonging 
to the cubic system. The sp. gr. of the salt is 2*1305 at 18"^ ; and at 40'"~45'" it melts 
in its water of crystallization to form a red liquid : the index of refraction is 1*50473 
for the medium red line; 1*50699 for the JO-line; 1*51190 for the medium green 
line; 1*51725 for the medium blue line ; and 1*52290 for the medium.violet line. 
Under analogous circumstances, esasium ferric selenate, Cs2Se04.Ee2(Se04)3.24H20, 
or ecesium seknaloferrate^ CsEe(Se04)3.12H20, is formed in violet crystals belonging 
"to the cubic system. The sp. gr. of the salt is 3*6176 at 15°; and at 55°~60° it 
mete in its water of crystallization. The index of refraction is 1*50884 for the 
mediiim red line; 1*51164 for the D-line ; 1-51615 for the medium green line; 
1-52092 for the medium blue line ; and 1-52645 for the medium violet line. If 
in the preparation of this alum, the soln. be heated excessively, a greenish-yellow, 
basic alum is deposited. 

H. Copauxi^ obtained an unstable crystalline magma of cobldtic sel^iate, 
Co2{Se04)3.18H20, by electrolyzing a soln. of cobaltous selenate in 40 per cent, 
selenic acid at —10°. A soln. of cobaltous hydroxide or carbonate furnishes a 
soln. of cobaltous sdeuate, which, when evaporated between 30° and 40° furnished 
E. MitscherKch with triclinic crystals ofthepentahydrate, CoSe04.5H20, isomorphous 
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witli the correapondinsmangniicso sulphate. V. Lenher and C. H. Kao obtained 
a soln. of tlie snit. by tlic action of the acid on the carbonate, G N WTroubod 
obtained ruby-red, tnelinio crystals of this salt by evaporating the soln’ at 50M0'' 
The crystals were examined by U. N. Wyrouboff, and H. Top.soe. The latter found 
the crystals to be stable m air ; _ to have a sp. gr. of 2-512 ; to be freely soluble in 

water; and to cllloresco MUjKmicially in air at a temp, exceeding 50°. E Mitsckerlicli 
said that if tlie aq. soln. ])o evaporated over 15^ monoclinic crystals of the I^em- 
hydrate, ()oSo() 4 .{)Ili> 0 , are formed isomorphous with the correspondin^y sulphate 
The monoclinic ])risms were found by H. Topsoe to have the axial ratios a'h^c 
^1-5709 : 1 : 1-GS15, and G. N. Wyroubofi also made some ohserva- 

tioiis on iihc crystals. The (103) -cleavage is complete. The optical character is 
negative. E. llerlingcr studied tlie structure of the crystals. H. Topsoe and 
C. Christiansen gave for the optic axial angle for Nadight, 2F=7^ 13", and 
and tlie indices of refraction ^—1-5225, and y--= 1*5227, while for Li- 
light, ^^1*5383. H, Topsoe gave 2-175 for the sp. gr. ; and G. Woulff, 2*32. The 
crystals arc stable in a,ir, aixd freely soluble in water. If the aq, soln. be evaporated 
below lO'", E. Mit.S(L,erlich fouml that crystals of the keptahydr<ite, CoSe 04 . 7 H 20 , are 
produced ; 11. Topsoe obtained monoclinic prisms by evaporating the soln. at 
The axial ratios are a : & : c=l*1833 : 1 : 1*545, and ^=104° 57'. 

G. N. Wyroulxifl also examined the crystals. H. Topsoe found the sp. gr. to be 
2*135 ; and J. A. (ilroshans compared the sp. gr. of the sulphates and selenates. 

H. Topscic said that the crystals readily pass into the hexahydrate when exposed 
to air. According to 3,\ Bogdan, if an aq. soln. of the normal selenate be heat^ for 
10-12 hrs, in. a sxailed tulic at 100°, a red mass of cobalt dibydroxytriselenate, 
Co(0H)2.30oSeO4, is formed. It is insoluble in water ; soluble in acids ; loses no 
water at 210° ; axul decomposes at 250°. 

C. von ilauer, and H. Topsoe prepared ammonium cobalfous selenate, 
(NH4)2Co(ScO4)2*01f2O, by evaporating a soln. of the component salts. The ruby- 
red crystals arc ivSomorphous with the corresponding sulphate; and H. Topsoe 
gave for the axial ratios of the monoclmic prisms, a:h: c=0*7414 : 1 ; 0-5037, and 
^=106° 23'. A. E. II. Tutton gave 0*7449 : 1 : 0*5031, and j3=106° 53' ; the topic 
axial ratios arc 6*3057 : 8*4651 : 4*2587. The (201)-cleavage is perfect, and the 
(010)-cleava.ge is less clear. The optic axial angle 2E in air is so large as to he 
indeterminable, while for 



LMlno. 

C-Uno. 

Ka-line, 

TWine. 

Cd-line. 

2Ha 

. 74*" mV 

74° 38' 

74“ 28' 

74“ 15' 

74“ 5' 

2Ho 

. HH‘" IH" 

88° 14' 

87“ 46' 

87° 16' 

86° 50' 

2Va 

. 82'" C/ 

82° 0' 

82“ 14' 

82“ 22' 

82“ 28' 


H. Topsoe and C. Christiansen gave 2Fa=82° 1' for the ISfe^-light. H. Topsoe gave 
for the sp. gr. 2*212. A. B. H. Tutton gave 2*228 at 2074°, and 218*10 for the mol 
voL ' J, A, Groshans made a comparative, study of the sp. gr. of the sulphates and 
selenates. H. Topsoe and C. Christiansen found that oham^r is 

negative ; and the indices of refraction for ^ 

y=:=l*5396; while for the 0-line, i3==l-5280; forthe .F4me, 

(?-line, 1-6455. 0. Schaefer and M. Schubert studied the ultra-red reflection 

spectrum. A. E. H. Tutton gave for the indices of refraction = 


Li-linft. 

1*5223 

1*5287 

1*5377 


0-llnc. 

1*5228 

1*5292 

1*5388 


jSTarlitte. 

1*5261 

1*5327 

1*5417 


There is an increase of about 0-0013 for ^ ^ 

for a, p, and y are respectively ii(i—fi,c—0<)0ZT,0-0OSS, ^ 

dispersions 1-9, 1-84, and 1-89. The sp. ffractaoM for “J 

are respectively 0-1371, 0-1385, and 0-1404; and the mol. refractions axe respec 
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tively 114*02, 115*42, and llT-38. J. Ferguson found for the equilibrium press, 
in the system {NH 4 ) 2 Co(Se 04 ) 2 . 6 H 20 ^(NH 4 ) 2 Co(Se 04 )- 2 . 2 H 20 -r 4 H 20 : 

27-0" 34 r 415° 5G3° 45 0° 6S 4° 7i 1° 

Press. . 3*4 5*9 10*3 29 5 <33-1 64-S 75*5 mm. 


H. Topsoe found that the salt is stable in air ; and freely soluble in 3 vater. 

C. von Hauer, and H. Topsoe prepared potassium cobaltous selenatCs 
K 2 Co(Se 04 ) 2 . 6 H 20 , in a similar manner. The crystals are isomorphous with the 
corresponding sulphate. The garnet-red, monoclinic crystals -were found by 
H. Topsoe to have the axial ratios a : d : c =0-7379 : 1 : 0*5856, and j3=104° 10 b 
A. E. H. Tutton gave 0*7522 : 1 : 0*5062, and ^=104^ 17'' ; and for the topic axial 
ratios x ■ ^ • co=6*2197 : 8*2688 : 4*1856. The ( 201 ) -cleavage is excellent. The 
optic axial angles are : 



Li-Ime. 

C-line. 

Na-line. 

TMiae. 

CVi-line. 

2U 

. 103^ 43' 

103= 49' 

104= 25' 

105= 18' 

105= 46' 

2/fa 

56= 37' 

56= 37' 

56^ 33' 

56= 28' 



2Ho 

. lOS'^ 38' 

103= 36' 

103= 9' 

102= 35' 

— , 

2Ta 

62= 12' 

62= 13' 

62= 19' 

02= 27' 

— 


The angle increases about 5° 30' when heated from ordinary temp, to 80^. The 
sp. gr. is 2*514. A. E. H. Tutton gave 2*530 at 20y4:^, and for the mol. voL, 208*60. 
J. A, Groshans made a comparative study of the sp. gr, of these salts. H. Topsoe 
and C. Christiansen found the optical character to he positive and the indices of 
refraction for the Na-light, a=l*5035, j8=l*5195, and y =1*5358 ; and j3=l*5162 
for C'light, and 1*5270 for F-light. A. E. H. Tutton gave for the indices of 
refraction : 


Li-line. 

C-line. 

Na-line. 

Tl-Ime. 

Cd-iine. 

P-Une. 

C-Hne. 

1*5122 

1*5127 

1*5158 

1*5191 

1*5211 

1*5231 

1*5393 

1*5181 

1*5186 

1*5218 

1*5250 

1*5271 

1*5291 

1-5354 

1*5341 

1*5347 

1*5380 

1*5415 

1*5435 

1*5456 

1*5522 


A rise of temp, of 60° decreases the refractive indices by about 0*0026. The sp. 
dispersions for a, jS, and y are respectively pG—/xc =0*0033, 0*0032, and 0*0033 ; 
and the mol. dispersions respectively 1*70, 1*71, and 1*77. The sp. refractions for 
the 0-line and the /xMormula are respectively 0-1187, 0*1199, and 0-1230 ; and the 
mol. refractions respectively 62*66, 63*27, and 64*91. The mol. refractions by the 
/t-formula are respectively 186*99, 109*18, and 111-54. The crystals are stable in 
air. J. Ferguson found for the equihbrium press, in the system K 2 Co(Se 04 ) 2 . 6 H 90 
^K2Co(Se04)2.2H20-f4H20 : 

26 - 1 “ 33 - 0 ° 42 5 ° 43 - 8 ° 48 - 5 ° 61 * 2 ? 68 - 2 ° 

Press. , 21*4 33*5 58-5 62*4 79-9 148*5 199*2 mm. 

L. C. Lindsley and L. M. Dennis prepared tiiallous cobaltous sel©Qate» 
Tl 2 Co(Se 04 ) 2 . 6 H 20 , isomorphous with the corresponding thailous salts of copper, 
nickel, magnesium, and manganese. A. B. H. Tutton gave for the axial ratios of 
the monoclmic crystals a: b: c=0‘7463 : 1 : 0*5021, and ^=105° 40' ; the topic 
axial ratios are x : ^ : co=6‘2696 : 8*4010 : 4*2181 ; the sp. gr., 3*998 at 20°/4° ; and 
the mol, voL, 213*92. The optic axial angles, and the indices of refraction are : 



Li- 

C- 

Ka- 

Tl- 

Cd- 

P-light. 


66-= 11' 

66= 15' 

66° 42' 

67? 4' 

67° 18' 

67= 36' 

2E . 

lir 4' 

111= 10' 

112° 30' 

113= 40' 

114° 25' 

115= 10' 

a 

1*6397 

1*6402 

1-6442 

1-6485 

1*6515 

1-6552 

P * 

1*6490 

1*6495 

1*6535 

1*6578 

1*6608 

1*6646 

r 

1*6545 

1-6550 

1*6590 

1-6635 

1-6666 

1*6706 


The formula for is l-6322-h79828lA“'2+15613000(X)000A“^+ . . . for a, 1*6322 
is diminished by 0*0093, and fory, increased by 0*0056. The mol. refractions by 
the ^-formula for a, and y, are respectively 136*96, 138*94, and 140*12 ; the sp. 
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refractions by tlu^ //--formula are resi)C(‘tively 0-0901, 0-0911, and 0-0918; and the 

mol. refractions, re.spectivcly 77-00 77-96, and 78-50 pn n n ^ fiH 0 in 
A. E. 11. 'I'utton prepared rubidium cobalt selenate, Kb 2 Co(be 04 ) 2 . 6 Jl 2 U, in 
niliv-red liololn^ilral, nionoclinic prisms showing more or less tabular fornis, and 
with the’ axial ratios a:b: C--0-7427 : 1 : 0-5019. and ^=105“ 14' ; and the topic 


axial ratios x ■ 'A ■ 6-2901 : 8-4693 ; 4-2508. 

perfect. Tlie optic axial anglc.s are . 


The cleavage parallel to (201) is 


2H 

21 1 a 

2lIo 


13 r B' 
50' 
Ot'' 35' 


C-luie. 
131° U' 
60° 47' 
94° 31' 


Na-liiie. 

132° 6' 
66° 28' 
94° 9' 


Tl-line. 

133° 0' 
66° 9' 
93° 45' 


The optic axial angle 2/i iiioreases about 5° for a rise of temp, of a^ut 65°. The 
sp. gr. is 2-837 at 20‘74'’, and the mol. vol. 218-49. The indices of refraction are . 


a 

)3 

y 


l4-lhic. 

1-5163 

1-5220 

1-5329 


(Miiio. 

1-5168 

1-5225 

1-5334 


Na-line. 

1-5199 

1-5256 

1-5369 


Tl-line, 

1-5232 

1-5290 

1-5404 


Cd-liiie. 

1-5252 

1-5311 

1-5425 


i’-line. 

1-5273 

1-5332 

1-5446 


1-5333 

1*5393 

1-5508 


There is a decrease of about 0-0025 for 60° rise of temp. The sp. dispemions for 
R and v 'ire 0-0028 0-0029, and 0-0029 respectively ; and the mol. dispemions 
if ™ hi T 1« IL. fo, the C-lme and ft. 

of ’i n. infui ()-U)76 and 0-1095; and the mol. refractions are 66 , 

66?9™nd (57-86 respectively.^ ’ The mol. refractions with the //-formula are respee- 

K plpared caesium 

=6-3618 ; 8-7028 : 4-3418. The (201) -cleavage is perfect. The optic ami ang 
2E is so large that it does not emerge in air : 


ma 

2Ho 

2Ku 


lA-liuo. 

79° 23' 
84° 17' 
87° 11' 


C-line. 
79° 17' 
84° 16' 
87° 8' 


Na-liue. 

78° 41' 
84° 11' 
86° 48' 


Tl-line. 
78° 9' 
84° 3' 
86° 32' 


The sp. gr. is 3-094 at 2074°, and the mol. vol. 230-73. 


The indices of refraction 


are : 

a 

p 

y 


Li-llne. 

1-631C 

1-5300 

1-5412 


0- Uno. 

1- 5321 
1-5305 
1-5418 


Na-lino. 

1-5354 

1-6399 

1-5453 


Xl-lino. 

1-5389 

1-5434 

1-5489 


Od-line. 

1-5409 

1-5454 

1*5510 


J’-linc. 

1-5430 

1-5476 

1-5531 


0 - Um. 

1- 5492 
1-6539 
1-5590 


The refractive indices diminish by °j^®0^W)2T 0 -^^ 7 f (H)027 ; and 

dispersion, //g--//c. for a, are rejecti^y 0 

the mol. dispersions A.i/v/g and 0-1017, andthemoL refeackoBS 

7*1, li. ft. »>• 

r..p«*dy 

by evaporating a neutral soln. 
acid; the brownish-yellow m-_ 

a : b ; c=l-1350 : 1 : 1-4023, and P=90 80 • _ . 

J. Meyer and H. Moldenhaiw. from a soln. of the fonma; salt an 

selenate; [Co{NH3)6](8eO4)(HSeO4).2i^0^"“ , Tte triclimc 

excess of selenic acid. The . , , A .4729 and a=r99° Uy, |S=B6 47 , and 

have the- axial ratios a:b: ' « ’ i.-^ ^’niiTimi di^te, [(^(NlIsleK^Oi)" 

y=88» 50', and ammonium. The crystals 

(NH 4 Se 04 ). 4 H 20 , by neutralizing the hydroseiena 


aYial ratios 

C^sairwas Prepar^^ij 


monoclinic prams have the 
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are isomorphous with the correspoadmg sulphate ; the axial ratios of the rhombic 
crystals are a :hi c~0*9595 : 1 : 1*2024. In addition to the tetraJiy irate, a dihydraie 
was also obtained in monociinic crystals with the axial ratios a :h: 0—1*4285 : 1 : 
0‘6469j and ^—94"^ 42'. E. M. Jager reviewed the characteristics of these salts. 
J. Meyer and K. Grdliler prepared cohaltic trisetliylenediamiiiotriliyiroseleiiates 
[Coen 3 ](HSe 04 ) 3 , wdiere ‘"en'* is written in place of C 2 H 4 (NH 2 ) 2 ; they also 
obtained cobitic trisethylenediaminoliydroselenate, [Coen 3 ](Se 04 )(HSe 0 A 5 , and 
cobaHic trisetbylenediaininoseleiiatej [Coen3]2(Se04)3.H20. 

J. Meyer and H. Moldenhauer prepared eobaltie aquopentammiiioseleiiate, [Co{H.O)- 
{NH3)5]2(8e04)3.3H20, analogous to roseocobaltie sulphate ; eobaltie eMoropentam- 
miiioselehatej [CoCi(NH3)E]Se04, analogous to purpureocobaltic sulphate ; eobaltie nitrito- 
pentamminoselenate, [Co(N02)(NH3)5]SeO4, which like the sulphate forms a penodkle; 
eobaltie sidplmtopentaimnmoseleiiate, Co(S04)(NH3)5]2Se04.2H20, the corresponding sulphate 
is monohydrated ; eobaltie selenatopentanuninohydroselenate, [CotSe04)(XH3)5JHSe04.2H20, 
which formed the starting point for the preparation of a series of related seienato- 
pentammines^ — eobaltie selenatopentaminirioselenatej [Co(Se04)(K'H3)5]oSe04.H20 ; eobaltie sele- 
natopentamminosuiphate, [Go(Se04){jSrH3)5]2S04.H20; eobaltie selenatopeBtamminonitrate, 
[Co(Se04)(hiH3)5]hr03; eobaltie selenatopentamininobromide, [Co{Se04)(IsrH3)5]Br; and eo- 
baltie selenatopentamminochloropiatiiiate, [Co(Se04)(NH3)5]2.PtC3e.2H20. J. X. Bronsted 
and A. Petersen found the molar solubility of eobaltie dmitiitotetrammiiioseienate, 
[Co(XH3)4(X02)2]oSe04, to be 0-0092 at 20 °. J. Meyer and co-workers also prepared 
eobaltie nitratoiehtamminobydroseleiiatc, [Co(XH3)5(X03)]HSe04 ; as well as eobaltie tbiocar- 
bimidopentamminoselenate, [Co{NH3)5(NCS)]2Se04.2H20 ; eobaltie carbonatopentammmosele- 
nate, [eo(XH3)5(C03)]2Se04 ; eobaltie oxalatopentamminoselenate, [Co(NH3)5(C-»04)]«Se04. 
3H2O ; and eobaltie oxalatopentamminobydroselenate* {Co(XH3)5(C204)]HSe04.H26. 

ir. Meyer and H. Moldenhauer prepared eobaltie diaquotetramminoseleiiater[Co(H20)2- 
(XH3)4]2(Se04)3.3H20 ; eobaltie carbonatotetramminoselenate, [Co(C03)(XH3)4]2Se04.3H2d’ ; 
eobal^e transdicMorotetramminoliydroselenate, [CoClaCXHgl^IHSeO^ ; eobaltie transdichloro- 
tetrapyxidmohydroselenate, rCoCi2Py4]HSe04.2H20 ; eobaltie cis-dimtritotetramminoselenate, 
[Co(X02)2iXH3)4]2Se04, from flaveocobaltic nitrate ; and eobaltie trausdinitritotetrammino- 
selenate, [Co(X02)2(NH3)4]2.Se04, from croceo-cobaltic chloride. T. Meyer and co-workers 
prepared eobaltie aquonitratotetranuninohydroseleiiate, [Co(Xii3)4(H20)(N03)](HSe04)2 ; eo- 
baltie aquoMMtotetranmiiiioselenate, [Co(NH3)4(H20)(N02)]>Se04 ; eobaltie bishydrosefenato- 
tetramiruiioselenate,[Oo(XH3)4(HSe04)2]Se04.4H20 ; eobaltie aquchydroxytetrammiiioselenate, 
Co{XH3)4(H20){HO)Se04 ; eobaltie aquoselenatotetramminoseleuate, [Co(NH3)4(H20)(Se04)]2- 
Se04 ; eobaltie aquoselenatotetramminobydroselenate, [Co(XH3)4(H.,0)(Se04)]HSe04 ; eobaltie 
aquoselenatotetramminochloridej [Co(XH3)4(H20)(Se04)]Cl ; eobaltie aquoselenatotetram- 
minosulphate, [Co(XH3)4(H20)(Se04)]2S04.4H20 : eobaltie aquosulphatotetramminoselenate, 
[Co(XH3)4(H20)(S04)]2Se04.4H30 ; eobaltie aquochlorotetramminoselenate, [Co(XH3)4(H30)- 
Cl]2Se04 ; eobaltie aquobromotetranuninoselenate, [Co(XH3)4(H20)BrJ 38604 ; eobaltie oxala- 
totetramminoselenate, [Co(NH3)4(C204)]2Se04.2H20 ; eobaltie oxalatodiethylenediamiEO- 
selenate, [Co,en,(C2H204)] 28004. SHgO ; and eobaltie dithiocarbimidobisethyleiiediaminohydro- 
selenate, [Co,en2(CXS)2j2HSe04. 

J. Meyer and co-workers prepared eobaltie diaquocblorotnamminoselenate, [Go(XH3)3- 
(H20)2Cl]2Se04; and also eobaltie diaquodipsyidinodiamminohyiiroselenate, [Co(XH3)2- 
(€5H5N)2(H20)2]2Se04{HSe04) ; eobaltie diaquodichlorodiamminoliydroselenate, [CoCXHa)^- 
(H20)2CE]HSe64 ; and eobaltie bisdimethylglyoximinodiainminoselenate, [Co(C4H702X^).,- 

(XH 3 ) 2 ] 2 Se 04 . 

A number of other complex selenates was prepared by J. Meyer and eo -workers, thus, 
dicobaltie tetiaiutriio-ju-selenatohexamiiiiiie, [(XH3)3(X02)2Co.Se04.Co(N02)2(XH3)3].2B[20 ; 
tiiliydrated dieobaltic pcroxydecamininoselenate, [(NH3)5Co.02-Co(XH3\](Se04)2.3H20 ; 
oetobydrated dicobaltie peroxydecamimnoselenate, [(XIl3)5Co.02.Co(NH3)3](Se04)rj.8B[20 ; dico- 
baltie peroxydecamminohydroselenate, [(XH3)6Co02Co(XH3)5]{HSe04)4; dicobaltie /ttamidode- 
<^mimiiosdeiiate, [(XH3)5Co.NH2.Co(XHs)5]2(Se04)6; dicobaltie fcaimdoaquocWoroctaiiiimiio- 
selenate, [Ci(XH3)4Co.XH2.Co(NH3)4{H20)l(Se04)2 ; dieobaltie /t-amido-oetamminobydro- 
sdenate, 

[(NH3)^Co<|^*>Co(NH,)4](SeOJ(HSeO.); 
dieobaltie /i-antidosdeaiiato-octaininiiioiiitrate, 

dieobaltie /t-amidosdenato-octaminiiiobydrosiilpliate, 

[(NH»),Co<^*>Co(NH.)J(SO 4 )(HS 04 ); 
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dicobaltic a-amidosulpliato-o ctamminohydroselenate, 

> Co(NH 3)4 j|(Se04)(H8e04) ; 

dicobaltic .u-amidoperoxyoctamminoselenate, 

[(NH3),Go<j^^>Co(NH,),j,(SeO,)3 ; 
dicobaltic fi-amidoliydroxyoctammiiioselenatc, 

|^(XH3),Co<;^]g^>Co(NH,),j(Se04)>; 
dicobaltic /i-aniidonitrito-oetamininoselenate, 

|^(NH3)jCo<^Q^^>Co(NH3)4]seO,.2H,0; 
dicobaltic dibydroxyoetamminoselenate, 

|^(NH3)4Co<Q|>Co(NH3)4jse04.2H,0; 
dicobaltic trihydroxyhexamminoselenate, 

/OH\ ] 

(NH3)3Co^OH^Co(NH 3)3 (SeO^) m6H.O ; 

dicobaltic ju-nitritodibydroxyhexamminoselenate, 

/OHv 1 

(NH3)3Co^OH-^Co(NH 3)3 (Se04)>.2H.>0 ; 

'-NO./ J 

tetracobaltic hexahydroxydodecammmoselenate. 


3)4 fs 1 ( 8004 ) 3 . 


E. Mitscherlich prepared nickel selenate, NiSe04.6H20, by crystallizing a 
soln. of the salt at ordinary temp. ; and the same hydrate is produced if the temp, 
of crystallization ranges from 4° to SO'*. It was also prepared by C. you Hauer. 
V. Lenher and C. H. Kao obtained a sola, of the salt by the action of the acid on 
the carbonate. H. Topsoe said that the tetragonal crystals have the axial ratio 
a : c=l : 1-8364, and they are isomorphous with the corresponding sulphate, and 
with zinc selenate. G. N. Wyrouboff said that the salt is dimorphous like the corre- 
sponding sulphate,'’ for he was able to obtain monoclinic as well as tetragonal crystals. 
The crystals are stable in air, and H. Topsoe gave 2-314 for the sp. gr. H. Topsoe 
and C. Christiansen gave for the indices of refraction for the C-, and jP-lines 
a=l*5257, 1-5393, and 1-5473 respectively; and y =1-5089, 1-5125,, and 1*5196 
respectively. G. L. Clark found that the vap. press, of nickel hexamniiiioseteiate» 
Ni(NH3)0SeO4, at 441® is 760 mm. C. von Hauer prepared animoninin nickel 
selenate^ (NH4)2M(Se04)2.6H20, from a soln. of the component salts. H. Topsoe 
said that the emerald green crystals are isomorphous with the corresponding 
sulphate ; the axial ratios of the monoclinic crystals axe 0-7378 : 1 : 0-5(M2, and 
^=106® W. "A. E/H. Tutton gave 0-7395:1:0-5048, and ^=106® m The 
topic axial ratios are x • ^ * cu=6-2520 : 8-4543 ; 4-2678 ; the (^l)-cleavage is wel- 
developed, and the (OlO)-cleavage is not so distinct. The optic axial angle W is 
too large for measurement, while 



Li-line. 

O-line. 

Xa-line. 

Ti-line. 

Gd-line. 

JP-Iine. 

2Hu 

78=^ 43" 

78® 41' 

78® 12' 

78® 4' 

77® 53' 

77® 41' 

2Ho 

. 5' 

86® 3'. 

84® 40' 

84® 15' 

83® 58' 

83® 39' 

2Fa , 

. 86^ 19' 

86® 19' 

86® 21' 

86® 24' 

86® 26' 

86® 29' 


H. Topsoe and G. Christiansen gave 2F«=86® 14'. H. Topsoe found the sp, gr. to 
be 2-212, and J. A. Groshans made observations on this subject. G. L. Clark 
studied the relation between the at. voL and the stabilify. A. E. H, Tutton gave 
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2*243 for the sp. gr. at 2071:% and 216*53 for the moi, vol. The indices of refracti^jn 
are : 



Li-line. 

C'-ime. 

Xa-Ime. 

XMme. 

Cd-ime. 

P-Ikiy. 


a 

. 1*5240 

1-5251 

1-5285 

1-5320 

1-5359 

1-5360 

1*5423 

p ■ 

. 1-5382 

1-5337 

1-5370 

1-5405 

1*5425 

1*5447 

1*5510 

Y - 

. 1-5419 

1-5424 

1-5400 

1-5496 

1*5517 

1-5539 

1*5602 


H. Topsoe and C. Christiansen made some observations on this snhiect, 
A. E. H. Tufcton found the sp. dispersions, p-n— /xc, fora, and y to be respec- 
tively 0*0038, O-OOSI, and 0‘CK}38, and the moi. dispersions, 1*81, 1*84, and LSI. 
The sp. refractions for the G-line, and the /x^-formula, are respectively 0*1366, 
0*1385, and 0*1404, and the mol. refractions 66*37, 67*27, and 68*19 respectively! 
The moL refractions for the ju-foimnla are 113*70, 115*56, and 117*45. C. Schaefer 
and M. Schnhert studied the ultra-red reflection spectrum. C. von Hauer said 
that the salt lost only 0*6 part of water at 100®, J. Ferguson found the press., 
p mm., in the eq^uiiihrium (NH4)2Ni(Se04)2.6H20^(NH4)2Ni(Se04).2.2H20-r4H20. 

28 - 3 “ 37 * 2 ’ 43 6 ° 56 0 ° 63 - 2 ° 60 0 ° 77 - 0 ° 

p . . . 7*0 2-0 3*2 8*2 13*9 20*3 32-2 

C. von Hauer prepared potassium nickel selenate, K2Ni(Se04)2.6H20, from a soln. 
of the component salts. The crystals have the form of the corresponding sulphate ; 
and G. voni Rath gave for the axial ratios of the monoclinic crystals a:h:c 
==0*7454 : 1 : 0*5060, and j3=:90® 52' ; A. E. H. Tutton gave 0*7467 : 1 : 0*5059, and 


0=104° 

27' : the topic axial ratios Y : ^ : a> =6*1677 : 8*2898 ; 4*1786. 

The (201)- 

cleavage is well-developed. The optic axial angles are : 




Li-liac. 

<7-line. 

Na-Une. Tl-liae. 

Cd-iiae. 

F-Iine. 

2E . 

129® 12' 

129® 17' 

130 ° 3 ' 130 ° 54 ' 

131® 20' 

131® 46' 

2Ha . 

66® 12' 

66® 10' 

65 ° 58 ' 65 “ 45 ' 

65® 34' 

65® 27' 

2Ho - 

95® 43' 

95® 39' 

95 ° 12 ' 94 ° 42 ' 

94® 39' 

94® r 

2Va . 

72® 45' 

72® 45' 

72 “ 48 ' 72 ° 51 ' 

72® 53' 

72® 56' 

A rise of temp, of 50° 

increases 

i th.e optic axial aagle 2jE by 3' 

° 16', H. Topsoe gave 

2*539 for the sp. gr. ; 

and A. 

E. H. Tutton, 2-559 at 20°/4° 

, and for the mol. voL 

206*14. 

The indices of refraction are : 




Il-Une. 

C-line. 

Ka-line. Tl-line. Cd-llne. 

F-line. 

Gr-liae. 

a 

. 1*5142 

1*5147 

1*5181 1-5212 1-5232 

1-5251 

1-5314 

l8 • 

. 1*5232 

1*5237 

1*5272 1-5305 1-5325 

1-5344 

1-5407 

r • 

. 1*5387 

1*5392 

1-5427 1-5464 1*5486 

1-5507 

1*5571 


A rise of temp, of 55® decreased the refractive index 0*0018. H. Topsoe and 
C, Christiansen made some ohservations on this subject. A. E. H. Tutton gave for 
the sp. dispersions, /xq— / xo, for a, andy respectively 0*0032, 0*0032, and 0*0033 ; 

and the mol. dispersions respectively 1*68, 1*71, and 1*77. The sp. refractions for 
the 6^“iine and the /x^-formula are respectively 0*1178, 0*1195, and 0*1225 ; and the 
moi. refractions respectively 62*14, 63*04, and 64*60—the mol. dispersions with the 
fx-formula are respectively 106*10, 107*96, and 111*10. C. -Schaefer and 
M, Schubert studied the ultra-red reflection spectrum. C. von Hauer found that the 
salt loses 13*35 per cent, or 4 mols. of water at 100°. J. Ferguson found the dis- 
sociation press., p mm., for the reaction K2^i(S®^4)2-^H[20v=^K2Ni(Se04)o,2H20 
are : 

29 * 9 ° 40 0 “ 48 - 0 ° 53 - 9 “ 64 - 1 ° 

p . . . 11-9 25*3 46*4 63*9 119-0 

A. E. H. Tutton prepared rahidium nickel selenate, Bb2Ni(Se04)2.6H20, in 
green, more or less tabular, monoclinic crystals having the axial ratios m:h:c 
=0*7395:1:0*5031, and ^=105° 20'. The topic axial ratios are 
=6*2533 : 8*4561 : 4*2542. The (^l)-cleavage is good. The optic axial angle 2R 
is too large for measurement ; the other angles are : 
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Li-line. 

C'-Iine. 

Na-liue, 

Tl-lme. 

Cd-line. 

ma 

74° 42' 

7.3 ^ 38' 

’ 74“ ()' 

73° 

52' 

73° 35' 

2Ho 

87° 47' 

87° 29' 

87° Sr 

87° 

15' 

87° 2' 


. 82° 23' 

82° 22' 

' 82° 13' 

82° 

7' 

82° 3' 

^ sp. gr. 

is 2*856 at 

2074°, and the mol. vol., 

216* 

96. 

The indices 


ril-lim*. 

fMino. 

Na-lmo. TMiiie 


Cd-liiic. F-hna. 


1*5101 

1*5253 

1*5351 


1-5 UK) 
1*5258 
1*5350 


I *5 198 
1*5291 
1*5390 


1*5231 

1*5325 

1*5424 


1*5248 

1*5342 

1*5443 


1*5268 

1*5363 

1*5460 


JP-lme. 

21 ' 

80° 53' 

81° 58' 

of refraction 


Cf-line. 

1-5335 

1-5429 

1-5534 


rise of 55° in temp, diminislied the refractive index 0*0017. The sp. dispersions, 
n-~iJLc, for a, /3, and y are respectively 0-0029, 0*0030, and 0*0030, and the moL 
ispersions 1*84, 1*81, and 1*86 respectively. The sp. disi)ersioi)s for the C-iine, 
id the /r--forinala, arc 0*1059, 0-1074, and 0*1091 respectively; and the mol. 
fractions, 65*59, 66-57, and 67-61 respectively. The mol. refractions for the 
formula are 112*08, 114-17, and 116*30 respectively. J. Ferguson found 
le dissociation press., p mm., for the reaction EhaNifSeOA^.OHoO^lH^O 
■Rb.Ni(Se04).,.21lo0, arc : - - - 


30 * 2 ' 38 * 2 “ 52 * 3 ° 62 * 0 “ 75 9 “ 

p . , , 3*1 9*0 16*0 37*9 

merald-green crystals of caesium nickel selenate, Cs2N‘i(Se04)2.6H20, were also 
•epared ; the a xial ratios of the hoiohedral, prismatic, monoclinic crystals are 
: h : c=0*7288 : 1 : 0*4993, and ^ --106° 11' ; the topic axial ratios are ‘ ^ 
6*3317 : 8*6878 : 4*3378. The (201)'*cleavage is good. The oj)tic axial angle 2E 
too large for measurement ; the other angles are : 



ILI-liiie. 

C'-llno. 

K a-liao. 

'Xl-liuc. 

Cd-liue. 

P-line. 

2Ha 

. ?(>'' 7' 

70° 6' 

76° 0' 

76“ 65' 

75° 50' 

75° 43' 

mo 

88° 67' 

88° 62' 

87° 57' 

87° 11' 

86° 49' 

86° 30' 

2F« 

. 82° 4' 

82° 43' 

83° 8' 

83° 28' 

83° 37' 

83° 43' 


le sp. gr. is 3*114 at 20°/4° and tlie mol. vol. 229*17. The indices of refraction 


Xi-liuo. 
a . . 1*5358 

e . . 1-5412 

^ . . 1*5451 


(Mhio. Ka-liuo. 

1*5363 1*5395 

1*5417 1*54^0 

1*5456 1*5519 


TWlne. Cd-line. 

1*5428 1*5447 

1*6483 1*5504 

1*5526 1*5647 


JF-line. G-Iine. 

1-5467 1*5533 

1*5525 1*5589 

1*5568 1*5631 


r 55° rise of temp., the refractive index a decreases 0*0013 ; 0-0016 ; and y, 

K)18. The sp. dispersions, /xo —/xo, for a, jB, and y are respectively 0*0026, 0*0027, 
d 0*0027 ; and the mol. disx)ersions 1*88, 1*89, and 1-92. The sp. refractions 
the 0-line and the ^g-formula are 0*1012, 0*1010, and 0-1016 respectively ; 
i the mol. refractions respectively 71*49, 72-09, and 72-52. The mol. refractions 
the /x-formula are 122*90, 124*14, and 125*03 respectively. J. Ferguson 
md the dissociation press., p mm., for the reaction Cs^Ni (8604)2- 6H20^4H20 
JsNi(8e04)2.2H20, arc : 

30*2'* 38*2** 52*3'* 62*0° 75-9* 

p \ . 15*8 26*8 59*4 95*5 167*4 


C. Lindsley and L. M. Dennis prepared thallous nickel selenatCj Tl2Ni(Se04)2. 
2O ; it is dehydrated at 120°, and then becomes yellow. A. E. H. Tutton gave 
the axial ratios of the monoclinic crystals, a ; b : c=0-7456 : 1 : 0-5019, and 
105° 36'. The cleavage is paraUel to (201). The topic axial ratios are x *' ^ 
>•2680 ; 8-4066 : 4*2193 ; . the sp. gr., 3*993 at 2074° ; and the mol voL, 214-13. 
3 optic axial angles, and the indices of refraction, are : 


V 

E 


Xi- 

5B’" 5' 
107° 24 
1*6334 
1*6454 
1*6512 


a- 

58° 10' 
107° 31 
1*6339 
1-6459 
1*6517 


Na- 

58° 59- 
107° 20- 
1*0378 
1*0498 
1*6560 


0(1- a-light- 

69° 61' 60° 17' 60° 53' 

132° 3' 114° 10' 115° 38' 

1*6443 1*6480 1*6523 

1*0503 1*6600 1-6643 

1*6626 1*6666 1*6709 
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Tke formula for ^ is l*650-j:—38*22S6A~-~3^j89O8CWXCH?f A fora, 1*6504 

is diminisiied by 0-0120 ; and fory, it is, raised by 0*0062. ‘Tlie moL refrueti^jiis t y 
the jLi-formuia, for a, andy, are respectively 135-74. 138-31, and 139*56 ; the sp. 
refractions by the j[x--foriinLiIa are respectively 0*0895, 0-0909, and 0-U915, and the 
inoL refractions, respectively 76*56, 77*71, and 7S-26. 

K. Hradecky obtained paHadioiis selenate, PdSe 04 , "^7 dissohing pailadinni 
in a mixture of selenic and nitric acids. It forms dark brownish-red, hygroscopic, 
rhombic prisms of sp. gr 6*5. 'When warmed with cone, hydrochloric acid chlorine 
is evolved. It forms double salts with ammonium sulphate and ammoniuni 
selenate — ammomiim paUadious seienate — when a mixture of the two salts is 
crystallized from a soln. in cone, hydrochloric acid. Palladous selenate softens at 
a red-heat and then decomposes. K. Hradecky also found that cold selenic acid 
has no appreciable action on osmium at ordinary temp., but at 120*^ the element 
forms a colourless soln. which contains selenious acid and osmium tetroxide, but 
no osmium selenate. 
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§ 13. Seleniiim Halides 

G. J. Knox ^ passed selenium vapour over lead fluoride, melted in a platinum 
tul>e, and obtained selenium fluoride wliict can be volatilized without decom- 
pc^tion, and dissolved in cone, hydrofluoric acid. H, Moissan also said that 
selenium is attacked hy fluorine in the cold ; there are abundant white fumes, and 
the selenium soon melts and takes Are. Around it there is condensed a white 
crystaHine compound which is decomposed by water, and dissolved by hydro- 
fluoric acid. E. B. R. Prideaux prepared seXenium hexafluoride, SeEg, by the 
aciaon of fluorine on selenium contained in a glass tube kept at — 78® ; this tube 
was Joined to a se(X>nd tube in which a white, crystalline soM was coEected, This 
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tube, while siill in the freezing mixture, was sealed off. When the temp, is ahowed 
to rise, the conteni.s of tube melt to a clear liquid and then pass into the gaseous 
condition. AiuilynoH juid mol. wt. determinations agreed with the formula SeEg 
The sp. gr. of the liquid at --28^ is 2*51, and the mol. vol. 77*2. The vap. press 
of the liquid bo(5ornc^s 7i)0 imn. at — 34*5'", corresponding with the b.p. ; the m.p.* 
is 39 , and th<) ( i itical bunp., 72*3t) . E. Q. A.dams studied the relations between 
the h.p. and composition. The coed, of thermal expansion of the liquid between 
— 3*5*" and bU' is ()'()32. TMie refractive in<I,ox of the gas is 1*895. The index of 
refraction 1*0()()9U. shows no approach to the value 1*001358 required by the 
additive law. There is a regularity in the indices of refraction of the gases of the 
same family of elcm(ujts. TTie gas attacks mcrcixry like ozone does. P. Lebeau 
said that the gas obtained by the aci.ion of fluorine on selenium in glass vessels is 
a gaseous mi><ture containing what is probably an oxyfluoride, but W. Bamsay 
added that the density of the gjxs 07*23 is not in agreement with either SeOE4— 
density 83*5— or with -density 74*5. P. Lebeau found that the supposed 

gaseous hexafhiotide. is a, xnixtnre Hin(‘,e by fractionation it can be separated into 
products of different density. The gaseous product, purified by liquefaction and 
vaporization, Iuum a <50tnposi(/ion approximating the hexafluoride, but it always 
contains a litthi o.xyiluoride ; and after being manipulated in contact with glass 
and mercury, the ga-s has a higher degree of purity than before. If the fluorine 
acts on selenium in a chopper vcBsel, selenium tetrafluoride, SeF4, is formed. 
P. Lebeau added that) this is not due to the reduction of the hexafluoride hy 
copper, as suggestHMl by W. Bamsay, because the same product is obtained 
with platinxim vessels, a-nd wlum fluorine acts on selenium in the presence of 
glass. E. B. li. Ih’ideaaix and 0, B. Cox prepared selenium tetrafluoride by the 
action of dry silvi^r (luorid<^ on selenium tetrachloride. The first reaction is violent, 
and the distillaiaon of the product gives a colourless, fuming liquid. The first 
fraction was deep red, and was thought to contain selenium moTioJluoride, 862^2. 
According to Lcbeatt, sclenixim tetrafluoride is a colourless, intensely irritating 
liquid, boilitig a itfitlo above 100^, and forming a white, crystalline solid at —80° ; 
its vai)our colours a ihmHcn flame intensely blue. E. B. B. Prideaux and 
C. B. Cox fotmd tiiat the sp. gr. is rather greater than that of a corresponding 
mixture of Bclonium dioxide and hydrogen fluoride. The boiling starts at 91°-95°, 
stops, and rccommonccs at 124'^. This is the b.p. of the oxyfluoride, and hence 
the small quantity of li<|uid itsed in the determination had been hydrolyzed. 
The liquid solidified at —90^ ; the m.p. is — 13*5°. According to P. Lebeau, the 
tetrafluoride attacks glass energetically, is decomposed by water, fornmg selenious 
and hydrofluoric acids, does not absorb fluorine, dissolves iodine, giving a reddish 
soln., and does not attack boron, silicon, or carbon on boiling. E. B. B. Prideaux 
and 0. B. Cox found that the tetrafluoride reacts in the cold with crystalline 
siHcon, forini ng Holenmm and silicon tetrafluoride ; dt does not react with sulphur 
in the cold ; it reacts with red phosphorus, forming phosphorus trifiuoride and 
oxytrifluoride, P. Lebeau also observed that with phosphorus there is a vivid 
reaction, selenium and phosphorus fluoride being formed. The fluoride is decom- 
posed by alkali metals, and it attacks mercury in the cold, but is without action 
on platinum. ^ ^ 

j. J. Berzelius ^ observed that when chlorine is passed over selemxun, com- 
bination occurs with the evolution of heat, and brown sdemum moni^luonde^ 
802012, is formed : as the chlorine continues its action, selenium tetraeUormey^Kji^^ 
is obtained as a white solid. K. HansHan could not prepare sdemmn 
SeCla ; Bor could R. Hanslian, and H. Rose obtain a selemum hexacMo^, SeUe. 
According to B. Beckmann and R. Hanslian, when selenium and chlonne are 
mixed in molar proportions at —80^^ and the mixture allowed to warn up to remm 
temp., and then heated to 100®, a mixture of both the monochlonde totoa- 
chloride is formed. If the proportions of the two elements ^rre^ond with the 
diohloride, a mixture of mono** stud tetra-chloride is formed. J. J. Berzelius oun 
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that seienliim converts tlie tetracWoride into the monocHoride. F. Sacc, R. Haus- 
lian, and W, Ramsay prepared the monocMoride by the action of chlorine on 
seleniiiin. A. Bandrimont obtained the monocMoride by the action of phosphorus 
pentachloride on seleninin, or on the selenide of phosphorus or antimony ; 
A. Midiaeiis, by the action of phosphorus pentachloride on an excess of selenium 
dioxide, or oxychloride ; A. Bandrimont, by the action of phosphorus trichloride 
on seleiiittin tetracHoride ; B, Rathke, by replacing the sulphur in snlphiix niono- 
cMoride with selenium ; T. Lenher, by the action of the metals on seleniton 
oxychloride ; and E. Divers and M. Shimose, by the action of hydrogen cMoride 
on a soln. of selenium in finning sulphuric acid. Y. Lenlier and G. H, Kao showed 
that the monoeliloride can he produced in the presence of a large proportion of 
water. They concluded that when a soln. of selenium dioxide in cone, hydro- 
chloric acid (36-37 per cent.) is treated with sulphur dioxide gas a yellow colour 
is produced when a relatively small amount of selenium dioxide is used, but when 
a high cone, of selenium dioxide is used, the red, oily liquid, Se 2 Cl 2 . separates. 
When selenium dioxide is dissolved in cone, hydrochloric acid and element-arv 
selenium is added, large quantities of the monocMoride are formed and separate 
as a red-brown oil. When selenium dioxide and selenium are suspended in 
either carbon. tetracHoride or carbon disulpMde and treated with hydrogen chloride, 
selenium monochloride is produced and passes into soln. in the carbon tetrachloride 
or disulphide. When a soln. of selenium in selenium oxychloride is treated with 
hydrogen cHoride, selenium monochioride separates. When a mixture of selenimn 
and selenium dioxide is added to cone, sulphuric acid and cone, hydrochloric acid 
is added the monocMoride is produced. The addition of sulphuric acid to a soln. 
of selenium dioxide in hydrocHorie acid precipitates wHte selenium tetrachloride 
which wiE react with elementary selenium if added to the mixture, forming the 
monochioride. When a sat. soln. of selenimn dioxide in cone. hydrocHoric acid 
(36-37 per cent.) is treated with sulphur dioxide, a smaE quantity of the mono- 
chioride is formed, hut when this mixture is treated with cone, sulphuric acid, a 
large quantity of the monocMoride appears. The use of phosphorus pentoxide as 
a dehydrating agent is also possible, but phosphorus pentoxide in this reaction 
possesses no advantages over sulphuric acid nor do such dehydrating agents as 
calcium cHoride and zinc cHoride. The monochioride can he purified by dis- 
solving it in fuming sulphuric acid, reprecipitating with hydrogen chloride, and 
washing with sulphuric acid. The last traces of acid can be removed by treatment 
with dehydrated barium chloride. E. Divers and M. Shimose suggested potassium 
chloride as the deacidifying agent, but V. Lenher said that the alkali sulphates 
are slightly soluble in selenium monochioride, whereas neither barium cHoride nor 
sulphate is soluble in that menstruum. 

J. J. Berzelius described the crude monochioride as a brownish-yeEow oE, 
heavier than "water ; E. Divers and M. Shimose said that it is a deep red Equid 
wMch smeEs like sulphur monochioride but not so strongly as sulphur mono- 
cMoride ; the spedfie gravity is 2*906 at 17 *5 "^ ; V. Lenher and C. H. Kao found 
that if the liquid he freed from dissolved selenium and alkali salts, the sp. gr. is 
2*7741 at 23“'/4N E. Divers and M. Shimose found that the monocMoride is some- 
what volatile at ordinary temp., and it sublimes in warm weather. At 
there is partial dissociation, forming an orange-red vapour. E. Beckmann and 
R, Hanslian said that the reddish-brown Equid decomposes to a considerable 
extent when distilled in vacuo — the tetrachloride coEects with the distillate, and 
feee selenium remains in the retort. E. P. Evans and W. Ramsay found the 
'Vapour fettsaty to be 7*1 in agreement with the assumption that no dissociation 
CMSCurs. C. Ghabrie found 7*69-8*12 when the theoretical value for Se^CIg is 7*95. 
P. P. Evans and W. Ramsay said that the monochioride decomposes when dis- 
tiled ; 2 &gQ 2 =SeCl 4 -A ; accordingly, E. Divers and M. Shimose represented 
the cemsfeitution by Se=Se=C! 2 . Analyses were made by F. Sacc, and E. Divers 
and M. Shimeme. E. Beckmann and R, HansHan found that the f.p. of soln. in 
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ethylene dibromide corresponds -with. Se 2 Cl 3 ; and that the moiiochloride does not 
solidify at —78° ; this is due to undercooling because V. Lenher and C. H. Kao 
gave —85° for the melting point ; and 130° for the boiling point. J. Thomsen 
gave fox the beat of formation from amorphous selenium: (2Se,Cl2)=2!>*15 Cals. 
P. Gernex observed that the spectrum of the vapour shows lines which begin in 
the blue and end in the green; and they are continued in the ultra-violet. 
V. Lenher and 0. H. Kao gave 1*59617 for the index of refraction at 25° ; and 
0*0e^l2 for the sp. electrical conductivity. A. Voigt and W. Biltz found it 
to be a bad conductor, and gave, at 18°, 0*0221 mhos. 

F. KrafEt and O. Steiner, and A. von Bartal compared the properties of the corre- 
sponding selenium, sulphur, and tellurium compounds. V. Lenher and C. H. Kao said 
that the properties of the monochloride, in general, are those of a typical acid chloride 
and a strong chi orinating agent. Hydrogen has no action on selenium monochloride ; 
and J. J. Berzelius added that it is decomposed by water into hydrogen chloride, 
selenium, and selenioiis acid: 2802012 + 2 H 20 =Se 02 + 3 Se+ 4 B[Cl, an equation 
confirmed by the work of B. XIanslian. E. Divers and M. Shimose said that water 
decomposes it slowly into selenium and selenium tetrachloride. E. Beckmann and 

B. Hanslian showed tliat the action of an excess of chlorine forms only the tetra- 
chloride. E. Beckmann found that selenium monochloride is insoluble in liquid 
bromine ; R. Hanslian, that it reacts vigorously with boiling bromine ; and 
V. Lenher and C. H. Kao, that iodine is freely soluble in the liquid, forming a soln. 
which is scarcely black, and containing 25*48 per cent, of iodine ; the soln. has a 
sp. gr. 93*1597 at 25°. When selenium monochloride is treated with an excess of 
iodic acid, or of potassium chlorate, bromate, or iodate, the halogen is liberated, 
and selenium dioxide is formed ; and no reaction occurs with potassium per- 
chlorate, even when the monoohloride is heated. B. Divers and M. Shimose said 
that only a little sulphur is slowly dissolved by the monochloride ; on the other 
hand, V. Lenher and C. H, Kao found that 100 parts of the monochloride will 
dissolve 48*81 parts of sulpluir, fornaing a viscid liquid. B. Bathke showed that 
some sxilphur in sulphur monochloride can be displaced by selenitim, and V- Lenher 
and C. H. Kao showed that the reaction is S 20 l 2 + 2 Se-^Se 2 Cl 2 + 2 S ; while with 
hydrogen sulphide there is a slow reaction with the evolution of heat, and the 
formation of hydrogen chloride, sulphur, and selenium. Dry sulphur dioxide does 
not react with selenium monochloride even at its b.p. E. Divers and M. Shimose 
observed that with sulphur trioxide the monochloride forms a green soln. having 
the composition S 2 CI 2 .SO 3 — vide infra — ^which reacts with hydrochloric acid, 
forming, according to V. Lenher and 0. H. Kao, selenium monochloride, chloro- 
sulphonic acid, and sulphurous acid. F. P. Evans and W. Bamsay found that 
selenium tetrachloride dissolves selenium until the soln. contains 80 per cei^t. 
selenium, which is more than is present in the monoohloride. V. Lenher and 

C. H. Kao found that 100 parts of selenium monochloride at 25° dissolve 9*73 parts 
of selenixim, and the soln. contains 71*85 per cent, of selenium. The rate of soln. 
is slow in the cold, and requires frequent shaking for equilibrium ; B. Bathke, 
and y. Lenher and M. Shimose found that the hot liquid, when sat., deposits, 
on cooling, crystals of black selenium. Selenium o:^chloride dissolves selenium, 
and selenium monoohloride dissolves selenium dioxide ; and the reaction : 
2Se2Cl2+Se02^2Se0Cl2+3Se, is reversible ; the products of the reaction can be 
separated by carbon tetrachloride. Selenium monochloride reacts with tellurium, 
forming tellurium tetrachloride, and liberating selenium; the same products. are 
obtained with tellurium dichloride ; while with tellurium dioxide, selenium, and 
selenium oxychloride are formed. 

W. Strecker and L. Claus observed that liquid ammonia has a vigorous action 
on selenium monochloride which results in the deposition of red selenium ; and 
similarly if the monoohloride be mixed with chloroform or anhydrous benzene 
only traces of selenium nitride are produced. If the monochloride be in ethereal 
win., selenium chloronitride, Se^NCl, is formed. A, Baudrimont found that 
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phospEoiniS reacts with, selenium monochloride. forming selenium and phosphorus 
trichloride* Y. Lenher and C. H. Kao added that while red phosphorus reacts sIowIt 
with the monochloride^ white phosphoriis explodes. No pentachloride is formed. 
A. Baudrimontj and Y. Lenher and C. H. Kao observed that an excess of phosphorns 
pentachloride reacts, forming a red solid, SeCl4.PCl5,^ but no phosphorus seleno- 
chloride. Y. Lenher and 0. H. Kao found that arsenic reacts in the cold, forming 
arsenic trichloride and seleniinn, and similar! v also with arsenic triselenide ; arsenic 
trisnlpllide reacts at 100'', forming the trichloride, sulphur, and selenium ; aisenic 
trioside gives the trichloride, selenium, and selenium oxychloride; antimony 
forms the pentachloride with an intermediate formation of selenide ; antimony 
tricMoride is oxidized to, pentachloride which then reacts with more seleniimi 
monochloride to form SeGi4.2SbCl5. In many other cases, selenium monochloride 
reacts as if it were a mixture of selenium and selenium tetrachloride. The mono- 
chloride reacts with antimony trisuipliide at 100'^, forming the trichloride, selenium, 
and sulphur, with antimony trioxide, forming the trichloride, and selenium 
oxychloride, with bismuth, forming the trichloride and selenium ; with Msmnlh 
selenide, forming the same products ; with bismuth sulphide, at lOCr, forming the 
trichloride, selenium, and sulphur ; and with bismuth trioxide, forming the 
trichloride, selenium, and selenium oxychloride. 

E. Divers and M. Shimose found that alcohol slowly decomposes selenium 
monochloride into selenium and selenium tetrachloride ; and similarly also with 
ether. Its action on aliphatic hydrocarbons was studied by H. W. Bausor and 
co-workers, E. H. Heath and W. L. Semon, and C. E. Boord and E. E. Cope. 
H. W. Bausor and co-workers found that while sulphur monochloride reacts 
with ethylene: 2{CH2 : CH2)-i-S2Cl2=(CB[2CLCHoj2S+S, selenium monochloride 
reacts : 2(CH2 : CH2) +2860012= (CHoCl.CH2)2SeCl2+3Se, presumably on account 
of the ready decomposition of seleniimi monochloride into chlorine and selenium. 
According to Y, Lenher and C. H. Kao, selenium monochloride is immiscible with 
pentane, hexane, and heptane. Y. Lenher and C. H. Kao said that it is miscible 
with the aromatic hydrocarbons, benzene, toluene, and the xylenes — C. Chabrie 
studied its actioii on benzene with iron as catalyst. Y. Lenher and 0 . H. Kao 
found that separations of the hydrocarbons by selenium monoxide are not possible. 
Substances like hair, silk, wool, and leather, containing carbohydrates and proteins 
are not readily attacked ; while gliadin from wheat, and elastin as well as albumen 
are not dissolved ; cellulose is not appreciably attacked ; vegetable and fish oils 
react like sulphur monochloride, precipitating selenium and forming a rubber-like 
substance ; pure or vulcanized rubber is slowly acted upon — slowly in the cold 
but more rapidly when heated ; bakelite is soluble in warm selenium mono- 
chloride ; and coal of the bituminous type, dried at IGC, is but little affected. 
W. Strecker and A. Willing observed the action of selenium monochloride on 
organic magnesium compounds. Y. Lenher and C. H. Kao said that selenium 
monochloride slowly attacks silicon, forming silicon tetrachloride and selenium. 

Y. Lenher and C. H. Kao foimd that sodium slowly reacts with selenium 
monochloride, forming sodium chloride and selenium, but the reaction soon stops 
owing to the formation of a protective film of insoluble sodium chloride. When 
the system is heated, the action proceeds with the evolution of light and heat. 
When potassium is added to selenium monochloride at ordinary temp., the mixture 
explodes violently, forming potassium chloride and selenium. With an excess of 
eopp^9 the selenide and chloride are formed, and with the selenium monochloride 
in excess, cupric chloride and selenium. W, W. Taylor and co-workers represented 
the reaction: Se2Gl2+5Cu=20u2Se+CuCl2. Y. Lenher and 0 . H. Kao said 
that an excess of the monochloride also forms cupric chloride when treated with 
OTprous and cupric selenide. W. W. Taylor represented the reaction with an 
excess of monochloride : 2Cu2Se+4Se20l2=iCuCi2+10Se. According to Y. Lenher 
and C. H. Kao, an excess of silver forms the chloride and selenide, otherwise, silver 
chloride and selenium ; silv^ selenide fornos sEver chloride and selenium ; mag- 
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nesiuin forms magnosium cliloridc and selenium, and if the metal is in excess some 
selenide may be formed ; zim and cadmium are tarnished on the surface when heated 
for 5 months with the inonochloride, hut zinc dust takes fire when introduced into the 
iiioiiochloride, forming zinc chloride and selenide, selenium, and selenium oxychloride 
when the metal is in excess, if otherwise, no selenide is formed ; zinc selcnid© forms 
chloride and selenium ; mcrcury vigorously reacts when warm, forming the selenide 
and chloride if the mercury is in excess, and if otherwise, mercuric chloride and 
selenium are formed i mercuric sdenid© is attacked by the monochloride, forming 
mercuric chloride and selenium ; aluminium is not attacked in the cold, hut at 
80° the metal burns brilliantly, forming aluminium chloride and selenide if the 
metal is in excess, otherwise selenium and aluminium chloride are formed — ^it a 
mixture of aluminium and selenium monochloride are heated for 12 hxs., 
2 AlCi 3 .SeCl 4 is produced, showing that the monochloride is decomposed into 
selenium and selenium tetrachloride ; alnminium selenide forms the chloride and 
selenium ; tin, and tin selenide form stannic chloride and selenium ; lead is 
attacked only slowly ; chromium is tarnished superficially when heated with 
selenium monochloride for 5 months ; manganese is attacked only slowly ; iron 
forms ferric chloride and selenium ; iron selenide forms ferric chloride and 
selenium ; nickel is not tarnished or attacked at 100° during 5 months, and the 
nickel selenide is only slowly converted into chloride ; and the action on cobalt, 
and cobalt selenide is similar to the case with nickel. 

V, Lenher and C. H. Kao found that sodium dioxide reacts violently with the 
evolution of light and heat when it is treated with monochloride, forming sodium 
chloride, selenite, selenatc, and free selenium. Potassium tetroxide reacts still 
more violently, forming analogous products ; lithium oxide yields the selenite and 
chloride and selenium ; copper oxide yields the chloride and selenium, and if 
selenium monochloride is in excess, selenium oxychloride is formed ; silver oxide 
reacts in an analogous way ; calcium oxide is slowly converted into chloride, and 
selenium oxychloride and selenium are formed — similarly also with strontium 
oxide, and barium oxide ; beryllium oxide yields the chloride, selenium oxy- 
chloride, and selenium ; magnesium oxide behaves similarly ; cadmium oxide is 
only partially attacked during some months’ action ; zanc oxide reacts, forming the 
chloride, selenium, and selenium dioxide if the oxide is in excess, and zinc chloride, 
selenium oxychloride, and selenium when the monochloride is in excess ; mercnrie 
oxide behaves in an analogous manner ; lead monoxide reacts slowly, formmg 
lead chloride, selenium, and selenium oxychloride; lead dioxide forms similar 
products, but the action is rapid ; ferric oxide forms analogous products ; cobalt 
oxide acts slowly, forming the chloride ; and similarly also with nickeil^ oxide. 
No reaction occurs when the monochloride is heated with potassium chromate or 
dichromate, or with potassium permanganate. 

V. Lenher and C, H. Kao found that the lower metal chlorides are chlorinated 
to a higher stage. Potassium chloride is slightly soluble in selenium monochloride ; 
cuprous chloride is oxidized to cupric chloride ; magnesium chloride adsorbs the 
monochloride ; aluminium chloride forms the complex 2 AlGl 3 .SeCl 4 ; and stannous 
chloride forms stannic chloride. The metal sulphides are usually attacked, 
formmg the corresponding chlorides, selenium, and sulphur ; copper, silver, zinc, 
cadmium, and aluminium sulphides react readily at ordmaxy temp., while those of 
magnesium, mercury, tin, and iron react at 100° ; those of lead and nickel act 
only slowly on warm selenium monochloride ; while those of calcium and harium 
are only slightly attacked by the wafin monochloride during a week’s action. 
The metal curbouates are often chlorinated ; thus, fused sodium and potassium 
carbonates are readily attacked, forming the respective chlorides, selenium oxy- 
chloride, carbon dioxide, and selenium, as do dry lithium carbonate and 
carbonate. Basic copper carbonate gives cupric chloride, l^gneaium *basic 
carbonate is not attacked in the cold, but when heated to 130° in the vapour of 
selenium monochloride, it is attacked, giving carbon dioxide. The carbonates of 
VOL. X. * 3 m 



leii moistened witli water the}’ give the caicniated yield ot earDon dioxide in a 
V minutes. Zinc carbonate gives the cMoride and carbon dioxide. Cadmium 
rbonate is not attacked. The carbonates of lead and manganese are not attacked 
the cold. The nnneral siderite (FeCOg) is not attacked. The basic carbonates 
nickel and cobalt are only very slowly attacked even when heated. 

J. J. Berzelius obtained selenium tetraeMoride, SeCl4, as indicated above, bv 
e action of an excess of chlorine on selenium^ or of chlorine on seienium mono- 
Joride. F. P. Evans and W. Eainsay, and F. Ciausnizer used this mode of 
■eparation. The product was washed with carbon disulphide to remove ehloriiie, 
id then dried in a cuirent of warm, dry air. H. Rose found that when a mixture 
a selenate, sodium cliloride, and cone, sulphuric acid is heated, a mixture of 
ilorine and selenium tetrachloride is first evolved, and afterwards selenium 
oxide and sulphuric acid. B. Rathke obtained some tetrachloride by heating 
lenimn dioxide with hydrochloric acid ; and A. lliehaeiis, by the action of thionvl 
iloride or of phosphorus trichloride on selenium oxychloride, of IS parts of phoV 
loius pentachloride on 7 parts of selenium dioxide ; a mixture of selenium 
i:ychloride and phosphoryl chloride is first formed, and this then furnishes phos- 
lonis pentoxide and selenium tetrachloride. The solid product was warmed in 
current of carbon dioxide to remove phosphoryl chloride ; and the residue, when 
iated still more, furnished a sublimate of selenium tetrachloride while phosphorus 
mtoxide remained. The phosphoryl chloride, which is first distilied over when 
mdensed and allowed to stand some time, may deposit crystals of selenium 
trachloride. * A. Baudrimont prepared the tetrachloride by the action of phos- 
lorus pentachloride on lead selenide ; V. Lenher and H. B. K’orth, by melting a 
ixture of tMonyl chloride and selenium dioxide : Se02+^S?OCl2=SeCl4-r2S02 ; 
id by the action of seienium on sulphuryl chloride : Se-f 2S02Cl2=SeCl4+2S02 ; 
id A. B. Lamb, by the action of anhydrous selenic acid on acetyl chloride at 0 ° — 
le yield is almost quantitative. C. Chabrie purified selenium tetrachloride by 
peated sublimation at 170^^-180® in a current of chlorine, and obtained fine 
ystals. R. Hanslian used a similar process. 

J. J. Berzelius described it as a white solid ; F. P. Evans and W. Ramsay 
itained it in pale yellow crystals. A. Michaeiis obtained cubic crystals from a 
»ln. of the tetrachloride in hot phosphoryl chloride. J. J. Berzelius said that the 
ttracHoride volatilizes without melting, and this more easily than the mono- 
iloride, forming a yellow vapour which condenses to a mass of white crystals. 
. Ciausnizer said that the vap. density is 3-92 when the theoretical value for 
3CI4 is 7-63. This shows that the dissociation 2SeQ4=Se2Ci2+3Cl2 probably 
3CUIS. He added that the yellow vap. darkens in colour as the temp, is raised. 
, Chahrie gave 3-78-3‘85 for the vap. densi^ at 360°. F. P. Evans and W. Ramsay 
sferred the vap. density to hydrogen unity w’hen the theoretical value for SeCl^ 
110-2 ; and they found 110-25 at 180° ; 111-76 at 200° ; 84-20 at 225° ; 72-82 
3 295° ; and 66-49 at 350°. They inferred that no marked dissociation oceum 
glow 200°, but, above this temp., dissociation may occur as indicated above, or 
xording to 2SeC34=Se-|-4Cl2 — ^in both cases the vol. is doubled ; at about 288°, 
le tetrachloride is dissociated. Observations were also made by A. Kekule. 
. Beckmann and E. Hanslian made ciyoscopic observations on soln. of the 
stracHoride in acetic acid and in phosphoryl chloride, but with unsatisfactory 
jsults for mol. wfe. determinations. J. Thomsen found the heat of formation of 
le solid tetrachloride from ii® elements to be 46-16 Cals., and the heat of soln. in 
ater, 30-37 Cals. H. Becquerel gave for the index of refraction, 1-8070 ; and 
le magnetic rotation of the plane of polarized light, 2*408. E. B. R. Prideaux, 
Y analogy with selenious acid, (H0)2~Se— O, represented the constitution by the 
Simula : 


^>Se=Cl, 
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X, Voigt and W. Biltz could not measure the conductivity of the fused chloride 
owing to its decomposition. 

J. J. Berzelius, found that heat is developed when selenium tetrachloride comes 
in contact with water* and the reaction is symbolized : SeOl^-f 2H.^O =4HCl-f SeOs ; 
this was confirmed by B. Beckmann and JR. Hanslian. R. Weber added that with 
only a small proportion of water, or on exposure to moist air, selenium oxychloride 
is formed. E. Beckmann and E. Hanslian said that an excess of chlorine does 
not form a higher chloride. E. Beckmann said that the tetrachloride is insoluble 
in liquid bromine ; R. Weber, that hydrogen sulphide forms hydrogen chloride 
and selenium sulphide. A. W. Ralston and J. A. Wilkinson showed that liquid 
hydrogen sulphide at low temp, reacts slowly with selenium tetrachloride, forming 
selenium monochloride, and_ at room temp., red selenium is formed. R. Weber 
found that dry sulphur dioxide does not act on the hot tetrachloride ; W. Prandtl 
and P. Borinsky, H. Rose, and F. Clausnizer observed that with sulphur trioxide 
there is formed a complex SOa-SeCI ^ — vide infra ; F. Clausnizer, that with sulphuric 
acid the reaction can be symbolized : 3SeCl4+2H2S04==Se02+2(S03.SeCl4)4-4:HCl, 
while part reacts 3SeCl4+2H2S04 —Se0Cl2+H2S207+2HCl, followed by SeOCl2 
+2H2S04=Se02+H2S207+2HCl ; with pyrosulphuric acid, the reaction is 
symbolized : H2S207-4-SeCl4,=H2S04+S0a.SeCl4 ; with chlorosulphonic acid there 
is formed S02.SeCl4 ; and with pyrosulphuryl chloride the reaction can be 
symbolized : S205Cl2+SeCl4=:S02+Cl2+S03.SeCl4. R. Weber found that with 
selenium dioxide there is formed selenium oxychloride. According to V. Lenher, 
when tellurium dioxide and selenium tetrachloride are brought together in mol. 
proportions and heat is applied, reaction takes place between the two. Quite a 
high temp, is necessary to start the reaction, hut when once begun, it proceeds 
readily. Selenium oxychloride first distils at its f.p., and, on raising the temp, 
to a little below 400^^, tellurium tetrachloride distils, while tellurium remains as a 
non-volatile residue. The reaction probably proceeds as follows, 2SeCl4+Te02 
=:2Se0CJ2+TeCl4. E. Espenschied showed that when dry ammonia acts on 
selenium tetrachloride there is formed ammonium chloride, selenium, nitrogen, 
and hydrogen ; and if the ammonia is dil. with an inert gas, and the temp, low, 
nitrogen selenide is formed. A. Verneuil said that if dry ammonia acts on selenium 
tetrachloride suspended in carbon disulphide, nitrogen selenide is formed. 
W. Strecker and L. Claus observed that liquid ammonia, in the absence of a 
solvent, behaves towards the tetrachloride as it does towards the monochloride ; 
in the presence of carbon disulphide a pale yellow, amorphous solid is formed 
which is difficult to purify. A. Baudrimont found that phosphorus forms phos- 
phorus selenide, and, if in excess, selenium and phosphorus trichloride; while 
phosphorus tetrachloride forms the complex 2PCl5.SeCl4— the same compound is 
produced by the action of phosphorus trichloride on selenium monochloride. 
A. Michaelis said that the tetrachloride is soluble in hot phosphoryl chloride. 
R, Weber observed that arsenic trioxide is converted into the trichloride, etc. 
A. Michaelis said that the tetrachloride is insoluble in carbon disulphide, and since 
the monochloride is soluble, F. P. Evans and W. Ramsay said that it is possible 
to separate the two selenium chlorides by means of tins agent. F. Clausnizer 
observed that selenium monochloride has very little action on acetic acid at 
ordinary temp., but when warmed, the liquid becomes brown, hy<kogen chloride 
is evolved, and selenium monochloride is formed. Chloro-substitution products of 
acetic acid are also produced. G. T. Morgan and co-workers studied the action 
of the tetrachloride on the diketones, and triketones, and on ethylene. 
W. W. Taylor and co-workers represented the reaction with copper by the equation : 
2SeCl4+3Cu=:3CuCl2-f SeaCls, and for the action of this product on copper vide 
mpra. Attempts by W, Muthmann and J. Schafer to prepam chloroselenates 
analogous to the bromoselenates (?.u.) furnished ohloropyroselenites— wicie inf /a. 

According to G. S. S6rullas,3 selenium and bromine are miscible in various 
proportions, but the 1 ; 5 mixture appears to be the most stable ; bromine rtipidly 
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unites with powdered selenium, and the c jm oinatiun i:? attended by a 
and the evolution of miieli heat. Tne prodnot ctnckly solidider. to a ’n^'twnbn- 
red mass interspersed with inirticies of a yellow coionr. YLen exposed t j air. the 
product emits an odour xesembhnj that of sulphur chloride ; when heated it narrlv 
sublimes unchanged, and partly cletoniposes into bronune and selenium : it dis- 
solves completely in water tvith the exception of a few hakes of selenium, and the 
colourless soin. contains hyirohromic and selenious 3.cids, G. S, Serullas's product 
was probably impaire selernu/n ie^rahromlde, SeBr^. R. Schneider prepared seleniimi 
moaobrOHlides Se 2 Br 2 , by mixing 15-9 parts of selenium with 16 parts of bromine. 
Much heat is developed during the reaction ; and it is better to drop the bromine 
on the large pieces of selenium^ or to add bromine to carbon disulpidde, standing 
over powdered seienium, until the selerdum is almost all converted to bromide. 
It is also produced by mixing 5 parts of the tetrabromide with 3 parts of selenium. 
Y. Lenher and C. H. Kao obtained the monobiomide by treating selenitun dioxide 
with hydrobromic acid — obtained by the action of bromine on sulphurous acid. 

Bromine (130 c.c.j is gi‘adually added by means of a separator}^ funnel to a soln. of 
sulplinr dioxide in ice water, sulphur dioxide being conimuously passed into the soln. 
When the soln., which is a mixture of sulphuric and hydrobromic acids, is colourless it 
can be used dheetij'- for ihe preparation of the monobromide. Now, when 115 grms. of 
selenium dioxide are added, followed by 235 grms. of elementary selenium, the reaction 
starts at once with the production of the monobromide. About a litre of cone, suiphuiic 
acid is added, and as the mixture eools the monobromide separates ais a dark red oil, which 
may be further purified, if desired, by washing with cone, sulphuric acid. The yield is 
about 90 per cent. 

R. Schneider described selenium mbnobromide as a dark, blood-red liq_iLid. 
which appears to be almost black and opaque in thick layers, and in thin layers, 
raby-ied. The sp, gr. is 3-604 at 15 ®. It has an unpleasant smell resembling that 
of siiiphur chloride. It partiaEy decomposes when heated, just giving ofi bromine 
vapour, then selenium tetrachloride, and at 225 ®- 230 ® the monobromide passes ofi, 
and finally selenium. At 80 ®, in a sealed tube, no sublimate of the tetrabromide 
is formed if neither selenium tetrabromide nor an excess of bromine is present. 
D. Gemez observed the line-spectrum of the vapour. According to R. Schneider, 
when the monobroroide is exposed to moist air, a layer of selenious and hydro- 
bromic acids is formed, and some selenium separates out. It sinks in water and 
slowly hydrolyzes : 2Se2Br2-r2H20=3Se+Se02+4IIBr. It emits a hissing 

noise as it unites directly with bromine to form the tetrabromide. The mono- 
bromide mixes with carbon disulphide to form a reddish-brown liquid ; it dissolves 
vdthout decomposition in chloroform, and in ethyl bromide ; it quickly decom- 
poses absolute alcohol, especially if dissolved in carbon disulphide : 2Se2Br2 
==3Se-|-SeBr4 ; in aq. alcohol the reaction proceeds : 28626x2 +2H20—^e 
d*Se02-r4HBr ; a sohi. in ethyl iodide forms selenium iodide and ethyl 

bromide ; silver cyanide forms seienium cyanide when added to a soln. of selenimn 
monobromide in carbon disulphide. The monobromide is slowly decomposed by 
aq. ammonia, or potash-lye, but more rapidly by ammonium sulphide, which forms 
a brown soln. containing bromide and selenosulphide precipitated by hydrochloric 
acid, W. Btrecker and L. Claus observed that liquid ammonia in the presence 
of ether forms sdeniimi bromoimitrides 862^2®^* otherwise its action is similar 
to that with the monochloride. A. Pieroni and co-workers studied the action of 
the monobromide on magnesium alkyl compounds. 

As indicated above, G. S. Serulias prepared impure selenium tetrabromide^ 
SeBr^ ; and R. Schneider obtained it by adding bromine to selenium to form the 
monobromide, and continuing the addition to convert this into the tetrabromide. 
The excess of bromine is removed by a current ot dry air ; the tetrabromide is 
decomposed by moist air. The tetrabromide is also prepared by the action of 
bromine on a soln. of the monobromide in carbon disulphide, chloroform, or ethyl 
bromide — the tetrabromide separates from cone. soln. as a yellow powder. Abso- 
lute alcohol transforms the monobromide into selenium and the tetrabromide. 
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W. Muthmann and J. Schafer prepared the tetrabromide by dissolving selenium 
dioxide in liydrobroraic acid: Se()i>+4HBr=2B:20+SeBr4, The brown coloixr 
of the liquid is due to tlie formation of some free bromine. 

According to K. Schmndcr, selenium tetrabromide appears as a pale reddish- 
brown powder, which is crystalline if obtained from soln. with an excess of bromine, 
or from soln. in carbon disulphide. It has an nnideasant odour recalling that of 
sulphur chloride. It is vedatilo at ordinary temp., and when heated for a long 
time at 70^-80^ it is ])}irtially decomposed with the evolution of bromine, and the 
formation of selenium monobromido contaminated with the tetrabromide. A 
little tetrabromide sublimes in dark orange-red crystals. Selenium tetrabromide 
is decomposed by moist air into bromine and selenium monobromide ; it forms a 
yellow soln. with a little water, but with more water the soln, is colourless, for the 
tetrabromide is compleUdy hy<lrolyz;c<l : SeBr 4 -f 2H20=Se02+4:HBr. It does 
not form a higber bromide when treated with an excess of bromine ; it forms a 
brown soln. with hydro(‘hloric acid; W. Prandtl and P. Borinsky found the 
reaction with sulphur trioxide furnishes SOBr 2 .SOa. K. Schneider found that the 
tetrabromide forms an oxybroinide with selenium dioxide ; it is partially decom- 
posed by alcohol ; it dissolves wdtliout decomposition in carbon disulphide, chloro- 
form, and ethyl l)romi(le. W. Strecker and L. Claus found that the action of 
liquid ammonia resembles that with the tetrachloride ; but in the presence of 
carbon disulphide a better yield of selenium nitride is obtained. 

According to W. Mubbmann and J. Schafer, if ammonium chloride be added 
to a hydrobromic acad soln. of selenium dioxide, garnet-red, octahedral crystals of 
ammonium hexabromoselenate, (Nil 4 ) 2 SeBr<j, are formed. V. Lenher prepared 
it by dissolving amiuoniuni bromide (9 parts) in water, adding selenium (4 parts), 
and a slight excess of brotninc until a clear soln. was obtained, and heating on the 
water-bath until the cxc('.ss of bromine was expelled ; on slow evaporation, crystals 
of ammonium bromoselenatc separated, which were purified by repeated crystal- 
lization. The garnet-red crystals have a sp. gr. of 3-3266 ; and E. Carozzi gave 
3-328. E. Carozzi found that the deep red octahedral crystals belong to the cubic 
system and they are isomorpliouH with ammonium stannic hexabromide, and 
ammonium platinum hexabromide. The crystals are decomposed by water, 
forming a soln. of the bromide, solenious acid, and hydrobromic acid. Ether 
slowly extracts solcnixim tetrabromide. The salt was also examined by A. Gutbier 
and W. Griinewald, who also prepared a number of complex salts — of the tj^e 
E 2 SeBr 4 — with organic radicles. V. Lenher prepared corresponding salts with 
methylamine, dimethylamino, ethylamine, trimethylamine, tetraethylammoniim, 
and pyridine salts ; l>ut not salts with aniline, diphenylamine, phenylhydrazine, 
or quinoline. J. E, Norris also prepared salts with the methylamines. A. Gutbier 
and W. Griinewald also prepared a number of these compounds. Neither 
W. Muthmann and J. Hchafer, nor T. Lenher, were able to prepare either lithium 
h^hromoselenate^ LigSeBte, or Bodimn Jmxahromoselenate^ Na 2 SeBre ; but potapium 
hexabromoselenate, KgSeBre, wa^ readily obtained, V. Lenher found that rubidium 
heacabromoselenate, Rb^SeBiQ, and caesium liexiibromoseleiiate» Cs^SeBre, are less 
soluble than the corresponding potassium salt. These three salts were also pre- 
pared by A. Gutbier and W. Griinewald. Silver hemhroTnosden^, AggSeBr^, 
could not be prepared by W. Muthmann and J. SchMer. P. Maier studied the 
crystallography of the aliphatic bromoselenates. . . 

According to J, B. Trommsdorff,^ when a mixture of eq. proportions of iodine 
and selenium is heated, the mass fuses. Alcohol extracts all the iodine from the 
dark grey product, E. Schneider obtained what he regarded as selenium mepo- 
iodide» Se 2 l 2 , in a similar manner ; and also by heating a mixture of selenium 
monobromide and ethyl iodide. He said that the semi-metallic mass melts at 
with the emission of a little iodine waponr* The product easily demm- 
poses, giving off iodirte vapour even at ordinary temp., and, at 100°, all the 
is slowly evolved. The product is decomposed by water : 2Se2l2+3H20 
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==4Hi-i-3SeA-H2Se03, and the liquid gradualij tnms hrotm o^ving to a reaction 
between the hydriodic and selenious acids. The reaction made R. Schneider 
believe that a chemical compound and not a mixture is here 
involved. P. Gnyot prepared what he called un nouveau feu 
liquid from a mixture of the two elements. R. Schneider said 
that if cone, selenious acid be decomposed by hydriodic acid, 
selemtmi tetraiodide* 80X4, is formed : H^SeOs-r-iHI^Sel^ 

: the same product is obtained when eq. proportions 
of the two elements are fused together ; and when ethyl iodide 
is treated with selenium tetrahromide : SeBT4~4C2H5l=Sel4 
-r4C2H5BTt A small amount of a by-product smelling like 
cacodyl — selenium etJiide — is thought to be formed. The colour 
is a darker grey than is the monoiodide. The tetraiodide melts 
at 75°'-80°,. forming a dark brown liquid. It loses iodine 
when heated, or when extracted with solvents. Water decomposes it as in the 
case of the monoiodide, bnt more slowly. G. PeUini and S. Pedrina showed that 
no chemical individuals are produced when the two elements are melted together 
because the f.p. curve is of the simple V-type — ^Fig. 62 — ^with a eutectic at 58° 
corresponding in composition with the supposed monoiodide. No mixed crystals 
are formed excepting, perhaps^ within very narrow limits. From the f.p. of 
mixtures of selenium in iodine, F. Olivari obtained mol. wts. of selenium in excess 
of that required for Seo ; and from the f.p. and h.p. of the soln., R. Hanslian 
obtained values rather less than that for 802 =158 A. R. Hanslian inferred from 
his observations that a true monoiodide is formed, and believed that G. PeUini 
and S. Pedrina's curve wants revision. R. Wright observed no evidence of the 
formation of solid soln. or of chemical compounds in his study of the vap. press, 
of fused mixtures of the two elements. E. Beckmann and C. Platzmann studied 
the d<^pression of the f.p. of selenium, and mixtures of selenium and sulphur by 
iodine. In the case of sulphur in iodine, the mol. wt. is Sg, with selenium Se2 to 
Se. There is no evidence of the formation of a compound of selenium and io(Rne, 
and the low mol. wt, of selenium in iodine has not been explained. 
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§ 14. Oxyhalogen Ciompomids of Selenium 


E. B. E. Prideanx and C. B. Cox^ prepared selenium oxyfluoride, SeOF2, or 
selenyl fluoride, by the action of dry silver fluoride on selenium oxychloride in a 
platinum bottle, with subsequent distillation and condensation in a platinum con- 
denser (water-cooled). It is a colourless, fuming liquid, with an ozone-like odour 
similar to that of some organic compounds which have been treated with fluorine. 
The sp. is 2*67 ; the mol. voL, 49*2 ; the b.p., 124° ; and the m.p., 4-6. There 
is no residue on distillation ; and the behaviour of the salt is quite diflerent from 
that of a mixture of selenium dioxide' and hydrofluoric acid. The liquid rapidly 
attacks glass; and the action with powdered silica is violent: 2860^2+^1^2 
=2Se02+SiF4. Crystalline silicon is slowly attacked in the cold ; rapidly when 
heated : Si-f-2Se0F2=SiF4+Se02+Se. The reaction with phosphorus is mainly 
in accord with 6Se0F2+4P=r4P0F3+Se02+5Se. With sulphur there is no 
attack in the cold, but when warmed, a gas is evolved, and red selenium is deposited. 
Alcohol readily mixes with the liquid ; carbon tetrachloride forms two layers. 

E. F. Weinland and J. Alfa obtained ammonium fluohydroxyselenate, 
(NH4)2Se03(0H)P, or 


HO 

F 


.ONH4 

>Se^O 

+ONH. 


by concentrating a soln. of ammonium selenate in an excess of hydrofluoric acid. 
It crystallizes in flat, rhombic prisms which quickly lose their lustre when exposed 
to air, and which are freely soluble in water, forming a ^trongly acid soln. ^ By 
evaporating a soln. of potassium selenate in hydrofluoric acid over lime in a 
desiccator, potassium hydtodifluodiselenate, K3HSe207F2-H20, is formed in 
monocHnic crystals which quickly decompose on exposure to air with the loss of 
water and hydrogen fluoride, and then of oxygen, leaving a residue of selenate and 
selenium dioxide ; similarly with rubidium hj'drodifl^odisel^^ Eb3HSe207F2 ; 
but the caesium and sodium salts could not be obtained. 

In 1859, R. Weber 2 prepared selenyl dichloride, or selmum oxydicMoride, 
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SeOCi2, ^7 action of moist air : SeCl4-rH20=2HCiS-Se0Cl2, or of selenior.s 
acid, on selenium tetracHoxide, and F. Clausnizer recommended iieating a miztiire 
of selenium dioxide and tetracMoride in a sealed tube for some hours at- 200" ; the 
oxydicMoride can be distilled from the small excess of selenium dioxide employed. 
V. Lenber obtained it by adding the calculated amount of selenium dioxide to 
selenium tetracMoride suspended in carbon tetrachloride — or in cHoroform, or 
selenium oxycMoride itself. Reaction takes place witii formation of seleniuin 
oxycMoride, wMch dissolves in the carbon tetracMoride. The liquid can then be 
distilled. Carbon tetracMoride distils at 76^-77^ and selenium oxychloride at 
176*4°, hence they can be readily separated by distillation. Selenium oxycMoride 
can be conveniently distilled under dinainished press, to a Mgh degree of purity ; 
V. Lenher also prepared it by the dehydration of the complex Se02.2HCl, say, by 
heating a mixture of 4 parts of Se02.2HCi, and one part of sulphuric acid of sp. gr. 
1*84 ; or selenium dioxide can be treated with hydrogen chloride, the resulting liquid 
mixed with excess of the dehydrating agent and the oxycMoride disthled or 
selenium dioxide can be first mixed with the dehydrating agent, and tMs mixture 
treated with hydrogen chloride. C. A. Cameron and J. Macallan made it by the 
action of selenium dioxide on sodium cMoride ; and A. IVIichaelis. by heating a 
mixture of selenium dioxide and phosphoryl cMoride. G. J. Fink and 
E. D. Giauque, and the Hooker Electrochemical Co. purified the oxydicMoride 
by distillation in a current of chlorine. 

W. J. R. HeMey and S, Sugden found the mol. wt. in benzene is 195*7 — theory 
for SeCOl2 gives 166*1 ; and they favoured the formula Se(OH)2Cl2 for the mono- 
hydrate. R. Weber described selenium oxydicMoride as a yellowish liquid, but 
V. Lenher said that by distillation under reduced press., and crystallization by 
freezing, a nearly colourless liquid can be obtained. The specific gravity of the 
liquid is 2*44 ; A. Michaelis gave 2*443; and W. C. MucMberger and V. Lenher, 
2*424 at 22°. W. J. R. HeMey and S. Sugden found the sp. gr. of SeOCL to be 
2-445 at 16°/4° ; 2*398 at 38*574° ; 2-356 at 59*5°/4° ; and 2*314 at 77*5747 or, at 
07^^ sp. gr. =2*478—0*002080 ; and for the monohydrate, SeOCL.HoO, 2*253 
at 14*874° ; 2*202 at 42*3°/4° ; 2*160 at 63*5°/4° ; and 2*134 at 78*6°/4°, or, at 
0°/4°, the sp. gr. =2*282 —0*001890. They also obtained for the surface tension, a, 
of SeOCIs : 

17 - 0 * 41 * 5 "“ 62 - 5 ® 80 * 5 ® 

a . . . 48-1 45-8 43-4 41-7 

D . . . 2-443 2-392 2*348 2-310 

ikfflri(I>—c2) . . 179-1 180*7 181*6 182-8 

where d denotes the sp. gr. of the vapour, and M the mol. wt. For the mono- 
hydrate 

16 * 2 ® 43 - 1 ® 61 * 45 ® 77 * 1 ° 94 * 4 ® 

fT . . 52-48 49-62 46-73 45-78 43*70 

B . - 2-251 2-200 2*165 2*136 2*103 

c?) 220-1 222-1 222*5 224-2 225-1 

The vapour density at 265°“290° was found by V. Lenher and co-workers to vary 
from 141*5 to 164*4 — average 151*4. W. J. R. HeMey and S. §ugden found 
from its effect on the f.p. of benzene that the mol. wt. is about 194 — ^theory for 
SeOGLs 166*1. Hence, the coinpound is associated in benzene soln. R. Weber 
found that at 0°, the liquid freezes to colourless crystals, which have the mating 
point at 10°. V. Lenher and co- workers gave 10*8° for the f.p. of the light straw- 
coloured liquid, and 8*5° for the m.p, W.^C. MucMberger and V. Lenher gave 10*9° 
for the m.p. R. Weber gave 220° for the boiling point ; A. Michaelis, 179*5° ; 
F. Clausnizer, 175°-176° ; J. E. Wildish, 179-4° at 745*44 mm. ; W. C. MucMberger 
and T. Lenher, 176° ; and V. Lenher, 176*14° at 726 mm. Y. Lenher and co- 
workers gave for the b.p. at a press., p mm,, or the vapour pressure, p mm., at the 
given temp. : 

7> - ^1 50-4 105*5 209 313 402 511 740 

B-p. 84*3=^ 101-5'= 117-0^ 133*5° 146*0° 153*5° 161*8° 177*2° 
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Tlie results can be represented by log ^==5-8503+0*0(K)219r-~830*9(T-”178)^ 

where p denotes the vap. press, at the absolute temp. When distilled under 
atm. press., selenium oxydichlonde decomposes slightly, since a little selenimn 
dioxide collects in the neck of the distilling flask ; the colour of the liquid in the 
distilling flask changes from pale straw-'yellow to reddish-brown ; and the h.p. 
increases sHghtly. The minor decompositions are represented 2Se0a.7^Se02 
+SeCl 4 ; 2SeCl4F^Se2Cl2+3Cl2 ; 2 Se 2 Cl 2 ^SeCi 4 -f Se ; and dSeOCL^SeoCla 
d-2Se02“l"3Ci2. The presence of selenium has no measurable effect on "the vap, 
press, between 90° and 120° ; selenium monochi oride up to 20 per cent., none 
between 89° and 121° ; selenium dioxide up to saturation at 20°, none between 
91° and 135° ; and selenium tetrachloride up to saturation at 20°, none between 
89° and 130°. V. Lenher gave 1-6516 for the index of refraction at 20° ; while 
the pale yellow liquid is transparent to visible light, it is so opaque to nltra-violefc 
light as to be a practically perfect screen for all wave-lengths below 4050. 
A. P. Julien gave 2xl0‘"i nahos for the electrical conductivity h, at 25°, and for 
temp., d° between 11*8° and 64-0°, i^=/fc25+O-O3920— 0*943~0-0002(i9— 12)2. 
V. Lenher gave 9-6x10“^ mhos for the conductivity between carbon electrodes at 
28°. The presence of water and hydrogen chloride increases the conductivity quite 
markedly ; chlorine gas and selenium tetrachloride produce a similar effect, but 
to a much smaller degree ; selenium monochloride in very smaE amounts causes 
a very slight decrease in the conductance ; selenium dioxide, although hut slightly 
soluble in the reagent, decreases the conductivity in a very marked manner. An 
excess of selenium dioxide acted, in a selenium oxychloride soln., very much like 
a dehydrating agent : 2Se0Cl2^Se02+SeCl4. J. E. Wildish found the dielectiic 
constant of the liquid to be 51 at 10° and 46*2 at 20°, so that the temp, coeff. is 
1'04 per cent. The solid has a dielectric constant of 16*8 at 0°. 

V. Lenher said that the same precautions are needed in handling selenium 
oxydichloride as are required for other corrosive liquids. The vapours have no 
other physiological action than that of the hydrochloric acid produced by the 
hydrolysis of the oxydichloride by the mucous membrane. A. F. 0. Getman 
discussed the relations as a solvent, Y. Lenher found that calcimn hydride is 


peptized by selenium oxydichloride to a gel. When the two are brought together, 
magnesium carbonate goes at once into the colloidal form, which state is even 
more accentuated when the two are boiled together. When a little water is added 
to the suspended gel. hydrolysis of the selenium oxydichloride is effected, and brisk 
effervescence at once takes place. E.. Weber found that selenium oxydichloride is 
decomposed by water into hydrochloric and selenious acids. As just indicated, a 
small proportion of moisture raises the electrical conductivity enormously, possibly 
forming a complex in the liquid Se0Cl2+H20==Se02.2IICi. The presence of a trace 
of moisture iu the liquid changes the pink colour of anhydrous cobalt carbonate to 
blue. V. Lenher observed that the oxydichloride dissolves bromine, forming a reddish- 
brown soln., while iodine forms a purple soln. A. P. Julien found that liydrc^en 
chloride raised the electrical conductivity owing, as in the case of moisture, to the 
formation of the same complex : 2 Se 0 Cl 2 + 2 HCl=SeCl 44 'Se 02 . 2 HCl — ^and selenium 
tetrachloride' has little effect on the conductivity ; the result is due to the presence 
of Se02.2HCL V. Lenher showed that potassium chloride dissolves in selenium 
oxydichloride, and the soln, gives off chlorine when it is warmed ; potassium 
perchlorate does not react ; when iodic acid, or iodine pentoxide, is brought in 
contact with the oxydichloride, chlorine, and iodine chloride are formal and a 
similar result was obtained with potassium iodate, and with potassium peiodaie ; 
whilst potassium bromate first gives chlorine and then a mixture of chlorine and 
bromine. 


The members of the sulphur family readily dissolve in cold selenium oxydi- 
chloride, and with sulphur, selenium monochloride, sulphur monochloride, 
•sulphur dioxide are formed. Dry hydrogen sulphide first gives a brown coloration, 
hydrogexx chloride is then given off, and yellow selenium sulphide is formed — - 
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whicli dissociates into suipimr and red seienimn omng to tlie heat evolved by the 
reaction ; liquid hydrogen disulphide reacts \dgorously in the cold, forming sulphur 
similar products and to those obtained with hydrogen sulphide. A^ile dry sulphur 
dioxide is without action even at the b.p. of the oxjdichloride, if a trace of moisture 
be present, selenium is deposited ; sulphur trioxide dissolves in selenium oxy- 
chloride to form a thick, heavy soln., which is a powerful solvent. This soln. will 
dissolve the oxides of aluminium, chromium, the rare earths, titanium, columhium. 
molybdenum, vanadium, and uranium, but will not dissolve tbe oxides of zirconium 
or of tungsten, and dissolves the oxide of tantalum only very slightly. When the 
oxydichloiide is warmed with potassium persulphate, chlorine is evolved — with 
persulphate and sulphuric acid chlorine is given oif with effervescence in the cold. 
A. Michaelis symbolized the reaction with thionyl chloride : SeOCl2+SOCh 
=SeCl4+S02. Y. Lenher observed that selenium behaves like sulphur, while 
solid anhydrous selenic acid evolves chlorine when gently warmed with the oxydi- 
chloride; selenium dioxide dissolves in the liquid oxydichloride ; selenium 
monochloride dissolves in the oxydichloride to the extent of 20 per cent. ; selenium 
tetrachloride dissolves in the liquid — vide siipra^ vap. press, of the oxydichloride. 
The action with tellurimn resembles that with sulphur and tellurium tetrachloride 
is formed ; tellurium dioxide is dissolved, and when the solvent is evaporated, 
tellurium dioxide remains chemically unchanged ; telluric acid behaves like selenic 
acid ; and tellurium trioxide is not acted upon. 

According to A. Michaelis, when ammonia is passed into cold selenium oxydi- 
chloride very little action occurs at first ; as the mixture is heated, there is formed 
a dark red mass with the evolution of nitrogen : 6Se0Cl24’16NH3==3Se+3Se02 
+I2NH4CI+2N2. W. Strecker and L. Claus observed that with liquid ammonia 
in the presence of ether, selenium tetramminoxydichloride, SeOCl2.4rNHs, is 
formed ; it is decomposed by water into selenium, selenium nitride, ammonium 
chloride and selenite, and selenious acid. In a sealed tube, a fairly good yield of 
selenium nitride is obtained. V. Lenher reported that red phosphorus reacts in 
the cold with the oxydichloride, evolving light and heat, while white phosphorus 
reacts explosively. When the reaction occurs in an evacuated flask, cooled by ice, 
and with the oxydichloride in excess, phosphorus pentoxide and selenium mono- 
and tetra-chlorides are formed. A. Michaelis represented the vigorous reaction 
which occurs with phosphorus trichloride by the equation: 3SeOCl2+3PCl3 
=SeCl4+Se2Cl2+3POCl3. This was verified by V. Lenher : but while A. Mchaelis 
said that withphosphoryl chloride^ selenium tetrachloride and phosphorus pentoxide 
are formed, V. Lenher observed that the two liquids are completely miscible and 
no selenium tetrachloride is formed. He also found that phosphorus pentachloride 
forms insoluble selenium tetracMoride and phosphoryl chloride. There is no 
reaction with calcium phosphide in the cold, but the boiling soln. reacts slowly. 
Liquid selenium oxydichloride slowly attacks arsexiic ; powdered autimouy takes 
fire when introduced into the liquid ; bismuth is readily attacked ; arscoie 
trioxide dissolves and is acted on chemically; arsenic and antimony sulphides 
react in the cold with the liberation of heat. C. B. Wise found that selenium 
oxydichloride is miscible in all proportions of arsenic trichloride ; while it dissolves 
38-64 per cent, of antimony pentachloride. B. Weber prepared a white crystaUme 
compound, antimony selenium dioxyenneachloride, SbCl5.2SeOCl2. 

According to V. Lenher, boron, silicon, and all the various forms of carbon — 
whether graphite, charcoal, activated carbon, or diamond — are not attacked by 
selenium oxydichloride in the cold, and even when heated to moderate temp. 
At or above a red-heat, when a considerable dissociation of the oxydichloride 
occurs, both amorphous and graphitic carbon are oxidized. When natural coals 
are brought in contact with selenium oxydichloride, it reacts with the bituminous 
and resinic materials, extracting at least a part of these materials, leaving behind 
a carbonaceous residue. Thoroughly ignited coke loses nothing when treated 
with selenium oxychloride ; partially coked soft coal does. Anthracite coal 
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containing practically no volatile combustible matter shows little action Semi- 
anthracite coals lose a considerable amount of extractive matter with selenium 
oxychloride, while c^jinel, and the bituminous coals, lose a large amount of extrac- 
tive matter. The insoluble material was found to contain selenium and chlorine 
in considerable quantities. When the soft coals are powdered, selenium oxychloride 
reacts with them, evolving considerable heat. Lampblack, when treated with 
selenium oxychloride, loses its hydrocarbon content, leaving behind carbon. The 
carbonaceous matter extracted from iron and steel by treatment with a soln. of 
cuprous chloride gives a black extract. In the cold there is no reaction with 
calcium carbide, but there is a slow reaction on boiling. V. Lenher showed that 
the sat. aliphatic hydrocarbons are slowly attacked by selenium osydicMoride at 
a high temp. ; while the aromatic hydrocarbons— like benzene and toluene- 
form physical mixtures which can be separated by purely physical means, such as 
fractional distillation. The complete recovery of the hydrocarbon can also be 
accomplished by hydrolysis of the selenium oxychloride with water. V, Lenher, 
and 0. E. Erick observed that the unsaturated aliphatic hydrocarbons, or the 
oleflnes—Iiko ethylene, propylene, butylene, and amylene— react more or less 
violently, forming the dichlorides of the corresponding alkyl selenides, regardless 
of whether the olefine or the oxydichloride is in excess. It is thus possible to 
separate such unsaturated aliphatic hydrocarbons as amylene from heptane, a 
sat. hydrocarbon, by simple contact with this solvent. Similarly, when a mixture 
of heptane and benzene is treated with selenium oxychloride the benzene forms a 
soln. with the selenium oxychloride, while the lighter heptane rises to the top and 
forms an immiscible layer. The reaction with turpentine is as violent as is that 
of the halogens on tur}-)entine. A. Muller studied the action of selenium oxydi- 
chloride on unsaturated hydrocarbons and ketones. According to V. Lenher, 
natural resins, bitumens, and asphalts dissolve with ease in selenium oxydichloride 
in the cold when they arc of unsaturated character. Such a natural product as 
ozocerite, which consists essentially of sat. hydrocarbons, behaves towards selenium 
oxydichloride much like paraffin. It is scarcely acted on in the cold, but when 
the two are heated together it forms a homogeneous liquid phase, which, iu cooling, 
separates into the solid phase of hydrocarbons and the liquid phase of selenium 
oxydichloride. W. Streoker and A. WiUing observed its action on organic magne- 
sium compounds. V. Ijcnher observed that carbon tetrachloride is an excellent 
solvent for selenium oxychloride, as has been noted, but in time they react, pro- 
ducing selenium tetrachloride and phosgene. This is particularly true when the 
two are heated together for some hours. 0. Chabrie and co-workers studied the 
action of selenium oxydichloride on polyhydric alcohols — erythxitol, and mannitol ; 
and A. Miiller, the action on unsaturated hydrocarbons and ketones, resulting m 
the formation of addition products. V. Lenher found that proteins — ^Hke giiadin 
from wheat, zein from corn, glutenin from wheat, and elastin, as well as albumen, 
from egg and from blood — have been found to be rea^y attacked and dissolved 
by selenium , oxychloride. Selenium oxydichloride dissolves hair, bristles, silk, 
and leather in the cold, and the action is much accelerated by heating. The 
oxydichloride has no appreciable action on cellulose* A piece of filter-paper, 
sealed up in a tube with selenium oxychloride, showed practically no action a^r 
being allowed to stand for 6 months. It has frequently been found convenient 
to filter selenium oxydichloride soln. through ordinary fil^r-papex during 
laboratory experiments. Starch and cahe sugar are not appreciably acted on by 
selenium oxychloride in the cold, but when slightly warm, decomposition begins. 
The action of selenium oxydichloride with bydroccDulose is very slug^sh, even 
when the two are boiled together. The behaviour of seleniim oxydicmonde 
towards fish and vegetable oils was found by Y. Lenher to he in many respects 
similar to that of sulphur monochloride on the oils. With linseed oil, selemum 
oxychloride forms a rubher-like mass similar in many respects to that formed by 
sulphur monoohloride. Menhaden oil reacts with selemum oxychloride to form 
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a water ra]3oer-like mass. Tlie insoluble pbenolic condensation products, reimanol, 
bakeiite and condensite, dissolve with ease in selenium oxydichloride. The 
reaction is accelerated by beating. Chemical change takes place. GumSj resins, 
dried paints, sbellac, dried Tarnish, lacquer, agar, celluloid, gelatin, glue, inclndins 
the insoluble casein glues, are all dissolved readiV in the cold by seleniuin oxydi- 
chloride. Pure nibber, vulcanized rubber, and vulcanite react chemically tnih 
selenium oxychloride in the cold. The reaction is much accelerated by heating. 
The chemical character of the rubber is changed by the reaction. The soln. 
obtained when hydrolyzed by water gives in addition to hydrochloric acid, selenious 
acid, and red selenium, a white insoluble product of gelatinous character which 
contains selenium and chlorine in addition to carbonaceous matter. C. E. Frick 
added that in the behaviour of selenium oxydichloride there is no diSerence in 
empirical composition between piire rubber hydrocarbon from the Hevea tree and 
the synthetic rubber made by polymerizing isoprene with metallic sodium. 

V. Lenher and co-workers showed that most metals react with selenium oxydi- 
cHoride, forming the metal chloride, and selenium monochloride ; and this, in 
contact with water, gives hydrochloric and selenious acids, and red seierdum. 
When sodium is introduced into the liquid, it is not acted on. Indeed, selenium 
oxydichloride can be distilled in the presence of metallic sodium and no action is 
apparent, even at a temp, of 176*4:^, the b.p. of selenium oxydichloride. Sodium, 
when dropped on selenium oxydichloride, floats, and if a few drops of water he 
carefully added, the water will float on the heavier selenium oxydichloride. The 
sodium will float on top of this water, and gives off hydrogen in its usual manner 
without any violence. On the other hand, when pota^um is brought in contact 
with selenium oxydichloride in the cold, a violent explosion occurs. W. L. Ray 
said that at room temp, sheet copper forms a film of cuprous and cupric selenides, 
and the black coating then changes to cupric chloride : 3Cu-r4:SeOCL=3CuCl2 
4'2Se02-rSe2Cl2 ; and copper selenide gives the same end-products ; while cupric 
selenite reacts : CuSe03.2H20+3Se0Cl2=CuCl2+4Se02-r-4HCL There is a slow 
reaction with silver, which proceeds similarly to that with copper, but tbe film of 
silver selenide after it has been converted to the chloride forms a coherent film 
which retards further action. Precipitated silver is rapidly changed into silver 
chloride when carefully added to cold selenium oxychloride. SEver leaf added to 
cold selenium oxydichloride turns black at once, and in less than a minute is 
changed into a sheet of gelatinous silver chloride that floats on top of the selenium 
oxydichloride. If the selenium oxydichloride be hot, the reaction is similar, 
except that the film of silver chloride is thicker. There is a slow formation of 
silver chloride when the oxydichloride acts on silver selenide. V- Lenher found 
that gold is slowly attacked, and a similar remark applies to ealcilim, and 
magnesitOH ; while zinc is rapidly attacked. W. L. Ray observed that when tin 
is added to cold selenium oxydichloride, action begins at once. The selenium 
oxydichloride becomes dark red from the selenium monochloride formed during 
the reaction. Yo precipitate is formed. When sufficient tin is present, the 
reaction continues imtE the soln. becomes so viscous that it will not run from 
one end of the tube to the other. The tin is oxidized to stannic chloride. It was 
not ^ssifole to prepare R. Weber’s ‘SnCl4.2SeOCl2 from the action of selenium 
oxydichloride on tin. The presence of selenium dioxide and selenium mono- 
chloride dissolved in selenium oxydichloride evidently prevents the reaction 
between the latter and stannic chloride to form SnCl4.2SeOEl2. The reaction with 
irad is more rapid than with either copper or silver. There is no indication that 
lead selenide is formed as an intermediate compound. The lead chloride that is 
formed is granular and drops away from the metal, thus exposing fresh surfaces 
to the action of the selenium oxydichloride. V. Lenher found that titanium was 
unaffected after 12 months’ contact with selenium oxydichloride at ordinary temp, 
in a sealed tube. When the two are heated to 375° for 2 hrs., the action is not 
appreciable no corrosion occurred with tantalum at 106°-110° in 6 months’ 
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time. At^ 200° there was no loss of weight in 2 hrs., and at 375°, only 0-65 per 
cent. loss in 2 lirs. ; diromiuni is readily attacked by the oxydicliloride ; tlingsteil 
wire heat(‘cl with seleniimi oxydichloride in a sealed tube to 105° shows no tarnish 
until after 28 days, and there is no appreciable change in w’eight at 105° xnitil 
after 46 days. At higher temp., 140°— 200°, a week of time is required for the 
deyelopinent of the black tarnish, while at 375°, about 10 per cent, corrosion 
occurred in 2 hrs. According to W. L. Eay, iron dissolves rapidly in hot selenium 
oxydichloride. The ferric chloride formed during the reaction remains in soln., 
but some of it is precipitated when the soln. in repeatedly heated and cooled. In 
the cold, the reaction is slow and most of the ferric chloride separates from soln. 
as fast as formed. There is a very slow" reaction with cobalt. When a sheet of 
the metal is placed with selenium oxydichloride in a sealed tube and allowed to 
remain at room temp, for over a year, the selenium oxydichloride was slightly 
darkened by selenium monocliloride, while a small arq.ount of the metallic chloride 
was in the bottom of the tube. The reaction between selenium oxydichloride and 
the finely divided metal is more rapid. It was found that nickel behaves similarly ; 
and V. Lenher added that platinum is slowdy attacked. 

W. L. Eay observed that cupric oxide slowly reacts wuth selenium oxydichloride, 
CuO+SeOCl 2 — CuCl 2 +SeO ; and when cuprous oxide is heated with the 
oxydichloride, cupric chloride is formed, and a little oxydichloride is reduced to 
the monocliloride ; the reaction with silver oxide is attended by the evolution of 
light and heat, forming selenium dioxide and silver chloride ; and the heat of the 
reaction decomposes a part of the silver oxide. V. Lenher observed that alumina, 
thoria, the rare earths, and the oxides of titanium, zirconium, columbium, and 
tantalum are not appreciably attacked by the cold oxydichloride; vanadium 
pentoxide is attacked chemically. W. L. Eay observed that w^hen a small pro- 
portion of the oxydichloride is added to lead monoxide, red-lead, or lead dioxide, 
the reaction is accompanied by the evolution of heat and light. With the last 
two oxides chlorine is evolved. The following equation represents the action of 
selenium oxychloride on lead dioxide: Pb 02 + 2 Se 0 Gl 2 =EbCl 2 -r 2 Se 02 +Cl^. 
V. Lenher observed that chromium trioxide, or potassium ^chromate, dissolves in 
the oxydichloride to form a beautiful red soln. which, wdien heated, gives ofi fumes 
of chromyl chloride. Wlien molybdenum trioxide has been freshly ignited, it 
dissolves only slightly in selenium oxydichloride, but when slightly hydrated, it 
dissolves readily in the reagent. The soln. of molybdenum trioxide in selenium 
oxydichloride, when exposed to sunlight or to strong artificial light, as, for example, 
from an electric arc, shows a striking reversible photochemical reaction. The soln. 
in a strong light becomes indigo-blue in a few minutes, and when brought into sub- 
dued fight, this colour fades in a few hours to the pale yellow of the original soln. 
This discharge of colour can also be accomplished hy heating the blue soln. to a 
moderate temp. There is a slow reaction between uranium oxide and the 
oxydichloride ; and with potassium permanganate, on first contact there is no 
action, or at most only a superficial action, and it is only after many hours of contact 
that there is^any appreciable reaction between the two. W. L. Eay observed that 
ferric oxide is only slowly affected by selenium oxydichloride at room temp., but 
when selenium oxydichloride in the vapour state is passed over ferric oxide heated 
to 400°, the reaction is rapid. Ferric chloride and selenium dioxide collect on the 
cooler portions of the tube. The reaction with cobalt oxide is slow, and cobalt 
chloride and selenium dioxide are formed ; similarly also with nickel 
Y. Lenher found that cadmium sulphide reacts in the cold with the liberation of 
heat ; P3rrite, marcasite, and arsenopyrite are slowly acted on in the cold by selenium 
oxydichloride, but when heated the reaction is more energetic. Sulphur dioxide is 
evolved and selenium monochloride is formed at the same time. 

Anhydrous sodium and potassium carbonates and hydrocarbonates react with 
selenium oxydichloride giving off carbon dioxide ; copper carbonate is only slightly 
attacked in the cold ; calcium carbonate is covered with a white crust of selenite ; 
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stirontiiam CSrbOBate gives off carbon dioxide, and tbe other products of rhe reaction 
pass into soln. ; banimi carbonate effervesces and forms an insoluble gel ; and 
mg^nesium carbonate is peptized by seleniinn oxydicbloride to a gel. WLen the 
two are brought together^ magnesinni carbonate goes at once into the colloidal form, 
which state is even more accentuated when the two are boiled together. \Then 
a Httle water is added to the suspended gel, hydrolysis of the selemum oxyclicliloride 
is effected, and hrish effervescence at once takes place. Selenium oxydichloride 
quickly dissolves zine carbonate in the cold ; lead carbonate is only slightly 
attacked ; cobalt carbonate also is only slightly attacked — when the pink carbonate 
is treated with selenium oxydichloride, it mstantly turns hiue without showing 
effervescence. If water be added, the selenium oxydichloride is at once hydrolyzed, 
and the acid set free reacts energetically on the carbonate, causing effervescence 
and the formation of a blue cobalt soin., which with further addition of water trans- 
forms to the rose colour, characteristic of dii. cobalt soln. Cold selenium 
oxydichloride has only a slight action on aidiel carbonate. Einely divided bariiim 
snlpbate is peptized by contact with selenium oxydichloride, and its physical appear- 
ance is changed from the finely divided condition to that of a gel much resembling 
freshly precipitated aluminium hydroxide. This gelatinous form of barium sulphate 
can also he produced when a soln. of selenium oxydichloride containing dissolved 
barium chloride is treated with a soln. of selenium oxydichloride containing sulphuric 
acid. When these two soln. are brought together, barium sulphate is precipitated 
in a gelatinous form. This coEoidal form of barium sulphate immediately changes 
to the ordinary form when treated with water. 

C. R, W^ise found that, at 25°, selenium oxydichloride dissolves 3-21 per cent, of 
lithium chloride ; and 0*57 per cent, of sodium chloiide, hut no complex salt has 
been obtained ; it dissolves 2*89 per cent, of potassium chloride^ and it forms the 
complex salt potassium selemum oxytrichloride, KCl.SeOClg. The compound is 
hydrolyzed by water. It is soluble in alcohol, while chloroform ^adually extracts 
the selenium oxydichloride, leaving potassium chloride. The oxydichloride dissolves 
3-56 per cent, of rabidium (Monde, forming tabular crystals of rabidium selenium 
oxytrichloride, RhCl.SeOCi 2 ; this appears as a solid phase which requires consider- 
able time for equilibrium, followed by the separation of well-defined crystal plates 
accompanied by a little yellow powder. The salt is hydrolyzed by water, and is in- 
soluble in chloroform. The oxydichloride dissolves 3*83 per cent, of (caesium (Monde, 
producing a yellow, gelatinous mass which has not yet been converted into a definite 
compound. The oxydichloride does not dissolve anhydrous (juprous (Moride, or 
sdlver (Moride, and no complex salts are formed. The oxydichloride dissolves 6*11 
per cent, of calcnum jdlloride, forming more gelatinous products than is the <mse 
with the alkali chlorides ; the complex (Mcium selenium trioxycMsfecKMoiidte, 
CoOo.SSeOClg, and possibly others, are formed. The oxydichloride di^olves 
5*17 per cent, of strimtiam cMoride, and 3*95 per cent, of barium (Moride— if 
0-06^, 0*25, and 1*0 mol of water be present per mol of selenium oxydichloride, 
3*86, 2*32, and 0-4:5 per cent, of barium chloride is dissolved. The oxydichloride 
dissolves 4*96 per cent, of magnesium (Moride, and its action resembles that of 
calcium chloride, forming magnesiiim sel^um MoxyoctcxMorMe, 

The oxydichloride dissolves 1*10 per cent, of zinc chloride, 0*15 per cent, of (cadmium 
(Moride and 0*89 per cent, of menmiic chloride, but forms no definite compounds ; 
it dissolvi^ 0-75 per cent, of titanium tetnuMoride, and, as shown by R. Weber, 
it forms white crystals of the complex titanium sdenium diosyoctocMo^te^ 
Ti(^.2Se0d2 ; it dissolves 13*75 per cent, of stannic (Moride, and R. W eber obtained 
white crystals of siamiic Senium diosyoetochloiide, SnC] 4 . 2 SeOCl 2 * The oxydi- 
cMoride does not dissolve or form a compound with lead (Moride ; and rimilariy 
with chropiium tetchloride, it dissolves 0*16 per cent, of manganese (Moride, ai^ 
23-40 per cent, of ferric chloride. In the latter case the action is slow and there is 
a great tendency to supeimturation. Ruby-red crystals of ferric selenium diow* 
h^^KMccide, FeCl 3 .^eOCl 2 , are formed either when the selenium oxydichloride 
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is in excess or when the ferric chloride is in excess. The compound dissolves readily 
in alcohol, ether, xylene, chloroform, and carbon tetrachloride. Water causes 
hydrolysis of the compound with the production of a yellow precipitate. The 
oxydichloride dissolves 0-15 per cent, of nickelous chloride and 0*17 of cobaltoiis 
chloride without forming compounds. According to V. Lenher and H. G. Taylor, 
when shaken with a mixture of selenium oxydichloride and heptane, baxiUHl sulphate 
passes into the oxydichloride layer ; with a mixture of selenium oxydichloride and 
70 per cent, sulphuric acid, it goes mto the acid layer, whilst with heptane and water 
it remains at the interface and emulsions are readily formed. Hence barium 
sulphate is wetted more easily by selenium oxydichloride than by heptane, and 
still more easily by 70 per cent, sulphuric acid. Selenium oxydichloride has no 
actioB on barium sulphate, and the gelatinous product obtained when barium 
sulphate is precipitated in this solvent can therefore contain nothing but adsorbed 
oxydichloride. A. V. Slater studied the peptization of barium sulphate and of 
magnesium carbonate by selenyl chloride. 

W. Prandtl and P. Borins!^ ^ prepared sulphoselenitim enneaoxyoctochloriie, 
2SeCl4.3S03, by melting at 140% by the action of sulphur trioxide on selenium 
tetrachloride : when heated in vacuo at 155*^ it forms s^phoseleBium triosytetra- 
cUoride, SSe03Cl4, melting at 163° and boiling at 185°. The latter can be repre- 
sented by the formula : 

It is also obtained by the action of pyrosulphuiyl chloride on selenium ; or of 
chlorosulphonic acid on selenium tetrachloride. It reacts with ammonia like 
selenium tetrachloride. They also obtained sulphoselenium triox 3 d;etTabronude 5 
SSe03Br4, in an analogous way ; sulphoselenium tetroxydibromide» SeOBrg.SOs, 
by the action of sulphur trioxide on selenium tetrabromide. J. Meyer and 
V. Stateczny could not prepare selenium dioxydicMoride, or selenyl cMoride, 
Se02Cl2, analogous to sulphuryl chloride ; nor could selenochromyl chloride) 
SeCr05Cl2, analogous to SCr05Cl2, or to 0x205012, he obtained — vide supra, 
chromium chloroselenates- 

E. Schneider ^ melted a mixture of selenium tetrabronaide and dioxide and 
obtained a brown liquid which solidified to needle-Kke crystals which probably 
consist of selenium oxydihromide, SeOBig, or selenyl bromide. B. T. Glauser said 
that when a selenium oxydichloride is distilled with sodium bromide, a dark red 
liquid is obtained which solidifies into a mass of yellow needles. It is also produced 
by the action of selenium tetrabromide on the dioxide. 

V. Lenher prepared the oxydibromide by adding to sublimed selenium dioxide 
the calculated amount of fused selenium in a flask fitted with a rubber 
stopper through which passed a dropping funnel and a safely tube fiUed with fused 
calcium bromide. The flask was cooled to 0°, and the amount of bromine necessary 
to convert the metal into tetrabromide cautiously added in small quantities. The 
unxture was then warmed until the whole of the oxide had dissolved to form the 
oxydibromide. Selenium oxydibromide is a reddish-yellow sohd of specie gravity 
3‘38 at 50° ; its melting point is 41*5° to 41-7° — ^B. T. Glauser gave 30°-40° — ^and its 
boiliiig point, 217° at 740 mm. It decomposes so readily when heated that it can- 
not be purified by distillation even under reduced press. Its electrical conductivi^ 
is 60x10“^ ohms at 40°--50°. Selenium oxydibromide is a very active chemical 
reagent. If dry air is bubbled through the oxydibromide at 60°, bromine is set free 
owing to the primary dissociation of the compound into selemum dioxide and 
tetrabromide, followed by the secondary dissociation of the tetrabromideinto mono- 
bromide and bromine. It is slowly converted by water into selenious and hydro- 
bromic acids ; chlorine displaces the bromine &om the oxydibromide, and iodine 
is ir^y soluble in it ; solplmr reacts readily in the cold evolv^ sulphur dioxide ; 

sulphide causes a slight decomposition ; sulphur dioxide has no action 
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on the oxycEbroinide : R. T. GlaiL>er ^aid Cast tLe >':: 7 'i:TrcrnMe di-viives i- shI- 
plliiric acids and may be largely rrrc:-verei by rrilina' a sm:.:! nrjp;jrr^''.n ’jf 
V. Lenher observed that seleniimi cE-s>'i>rc- :n :t. furmina n* brunili-. vrr^lo^ • 

phospiionis explodes tvirb the soILE vnile rt^ci piajsi-Eorns takers nre and ‘‘arns . 
areenie and antimony are attaekedn fcrnnn^ the metal tribroimde and 
monobromide : carl»E and silicon are not attacked : carbon monoxiue La- 
no action ; it dissolves in carbon dlsiilpMde, cMoroform, benzene, tolnene, an i 
xylene, and tke fused oxydibromide is miscible in all proportions vita these solvents : 
carbon tetracHoride dissolves the oxydibromide readily, but the fused material 
dissolves only tu the extent of 6 per cent., and on beating tbe soln. for several 
days, carbonyl chloride and seiemuni tetrachloride are formed. Tbe oxydibromide 
reacts explosively vdth sodium, producing tbe bromide and seieninni monobromide, 
whilst potassium reacts even more violently ; mercury, till, bismntll, iron, c^ciiun, 
copper, lead, siiyer, molybdenum, tbaHium, gold, piatiniim, and zinc are all attacked . 
forming tbe metallic bromide and selenium monobromide. Zinc dust burns in tbe 
oxybioniide ; aluminium and magnesium are only slightly corroded after beating 
for a week at lOCd in tbe oxybromide. Calcium, cliromium, nickel, cobalt, tun^ten, 
and tantalum are not attacked when heated for ten days at 100“. The oxides 
of mercury, silver, calcium, and sodium react energetically with seleniimi 
oxybromide, tbe oxides of arsenic, tin, and tellurium less energetically, and tbe 
oxides of columbium, tantalum, vanadium, thorium, titanium, zirconium, and 
Uianimn are unattacked after beating for several days at lOOL "With most 
carbonates, the anhydrous oxybromide reacts only sluggishly even on heating, but 
in tbe presence of moisture tbe reaction is vigorous. Tbe commoner sulphides 
react with the oxybromide with tbe development of beat, forming metallic bromides 
and selenium nionobiomide. Potassium chlorate liberates bromine from tbe 
oxt^bxomide, but potassium perchlorate, permanganate, dichromate, and chromium 
trioxide are without action on it. 

R. R. ie Geyt Worsley and H. B. Baker ^ found that considerable beat is evolved 
by tbe combination of hydrogen chloride and selenium trioxide and partial decom- 
position occurs, red selenium being formed. If, however, the temp, be kept down 
by immersing the reaction vessel in ice, no deromposition takes place and a nearly 
colourless liquid is farmed. Analysis agrees with chloroselenic acid, HClSe 03 ; 
and the mol. wt. determined from the lowering of the f.p. of soln. in pbosphoryl 
chloride agrees with the doubled formula (HCiSe 03 ) 2 . Chloroselenic acid obtained 
is a nearly colourless liquid which slowly turns pale yellow. It fumes in tbe air 
evolving hydrogen chloride. Its density is 2*26 and it solidifies at —46°. On 
beating, it is decomposed, evolving hydrogen chloride and leaving selenium dioxide 
and selenium. The chloroselenic acid dissolves very readily in water, evolving 
considerable heat, and forming selenic and hydrochloric acids. It is also 
decomposed by alcohol, heat being evolved and selenium precipitated. It is 
insoluble in ether, benzene, chloroform, or carbon tetrachloride, but dissolves readily 
in selenium oxydiebloride without decomposition. 

A. Bitte observed that hydrogen fluoride is copiously absorbed by selenium 
dioxide ; and E. B, R. Prideaux and J. O’Neil Miliott froze out from the accom- 
panying Iquid the complex selenium dioxypentahydrofiuoride, SeOo-SHF, a rare 
example of a combination of hydrogen fluoride with an acid anhydride. The com- 
pound is in equilibrium with liquids of various compositions. It dissociates in the 
vapour phase, giving off small quantities of hydrogen fluoride, the vap. press, of 
which is only a small fraction of that of the pure acid. At higher vap. press., the 
dissociation of the vapour which contains selenium dioxide is not complete. Thus, 
the same compound is obtained either by distillation of the excess of hydrogen 
fluoride or by freezing ffom liquids of different compositions. According to 
A, Bitte, selenium dioxide absorbs dry hydrogen chloride with the development 
of much heat to form acicular crystals which disappear as the temp, rises to 20°. 
The liquid has the composition Se02.2HCl. V. Lenher obtained it by pacing 
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hydrogen chloride over silver selenite: Ag2Se03+4HCl=2AgCl+H204-Se0.,.2HCI. 

A. Ditte said that the compound loses hydrogen chloride as the temp“ rises above 26^ 
The dissociation press., p mm., is : 

10 ° 30 “ 40 “ 55 “ 75 “ 100 “ 118 “ 

P • 0 15 4S 142 313 664 1012 

V. Lender found that the product easily loses water, giving the oxydiohloride. 
o’ W. Muehlberger and V, Lenher inferred that the complex Se02.2HCi is really 
hydrated selenium oxydiohloride, SeOCL.HoO, with a sp. gr. 2-246 at 25^ ; a surface 
tension of 55 dynes per cm. at 25° ; a m.p. below 100° ; an index of refraction of 
1-642 at 20° ; and an electrical conductivity of 2-7 x 10~2 xnho. Dissociation begins 
at 94°, and the b.p. rises to 179° without any indication of the formation of a 
constant boiling mixture. A. Ditte also prepared Se02.4HCl, in needle-like crystals, 
by the action of dry hydrogen chloride on the preceding salt. It is decomposed by 
heat, and it is best made at a temp, of —10° to —15°. At —30°, the dissociation 
press., p mm., is zero ; and 

- 20 '^ - 18 '^ 0 ’ 12 ^ 15 “ 25 “ 33 “ 

p ... 60 70 219 418 483 760 995 

The salt dissolves in water with the evolution of a little gas. T. W. Parker and 
P. L. Bohinson, and G. F. PIofEmann and Y. Lenher obtained selenium dioxy- 
dihydrocMoride, KSe02.2HCl, and selenium dioxytetrahydrochloride, Se02.4IICl, 
by the action of hydrogen chloride on selenium dioxide. The first is a yellow 
liquid, stable up at 170°, and able to be distilled at this temp, with some decom- 
position ; the second compound is a yellow solid, stable at 0°. A. Ditte found that 
hydrogen bromide is also absorbed by selenium dioxide to form Se02.4HBr. The 
steel-grey plates exert no perceptible dissociation press, at 55°, but at higher temp, 
decompose into selenium, bromine, and water. It dissolves in water, forming a soln. 
almost black in colour. The compound absorbs hydrogen bromide at —15° to 
form Se02.5HBr. The brown plates decompose at 65° into bromide and water, 
forming the preceding salt. The compound has no perceptible dissociation press, 
at —25° ; at —6° it is 100 mm. ; at 0°, 135 mm. ; at 30°, 287 mm, ; at 54° 404 mm. ; 
and at 54°, bromine appears, indicating some decomposition as distinct from dis» 
geciation. C. W. Muehlberger and V. Lenher said that Se02.2HBr is identical with 
hydrated selenium oxydibromide, SeOBr2.H20, Its sp. gr. is 3-077 at 22°. It is 
obtained as a red-brown oil on passing hydrogen bromide over selenium dioxide. 
At 115°, it begins to decompose, producing bromine, selenium monobromide, 
tetrabromide, and oxybromide, selenium dioxide, water, and hydrogen bromide. 
On cooling to —10°, crystals of selenium tetrabromide separate. An excess of 
selenium ditxide causes the separation of yellow needles of the oxybromide, SeOBr2, 
melting at 40°. They prepared Se02.4HBr, but could not obtain SeO^.bHBr, 
A selenium hydrodioxyiodide is formed by the absorption of hydrogen iodide by 
selenium dioxide, but it decomposes at —10°, into water, iodine, and selenium. 

Accordihg to W. Muthmann and J. Schafer, when an attempt is made to prepare 
chloroselenates, analogous to the bromoselenates, from a soln. of selenious acid, and, 
say, ammonium chloride in hydrochloric acid, colourless, monoclinic crystals of 
potassium chloropyroselenite, KSe204C].2H20, are formed. If the soln. of potassium 
chloropyroselenite is treated with silver oxide, and the filtered soln. evaporated, 
crystals of the tetraselenite KH3(Se03)2 are deposited. This salt loses two-thirds of 
its water at 100° and is considered to be a pyroselenite, KHS2O5.H2O, so that the 
potassium salt is KO.SeO.O.SeO.CI. Similarly also with ammonium ohloropyro- 
selenite, (NH4)Se204CL2It20, and rubidium chloropyroselenite, Kh8e204.CL2H20. 
W. Muthmann and J. Schafer also prepared potassium bromopyroselenite, 
KSe204Br.2H20 ; and ammonium bromopyroselenite, (]S[H4)8e204Br,2H20. 
J. Meyer and H. Wilk prepared thallosic chloroselenate, TT''TrCl2{Se04), by the 
reaction symbolized : 2HTl(Se04)2.4B[2®+HCl=Tr"TrCl2(Se04)4-Cl2+H2Se04 

-l-BH^O ; and similarly with thaUosic bromoselenate, Tr''TrBr28e04. 

VOL. X. 3 N 
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According to R-F.’Weinland and G.Barttlmgck,^IHrfaffiiiiiii sdenatomoiiolodate 
2K20.2Se02.l2^5*H20, is obtained by eTaporating over snlpliiiric acid at ordinarv 
temp., a soln. of seienic acid, iodic acid, and potassium bydroxide in the molar pro- 
portions 6:1:6. If less seienic acid be used, tbe first crop of crystals is potassium 
lodate, and if more, tbe yield is poor. If less potassitim bydroxide be 
used, tbe selenatotriiodate is formed. Tbe crystals are four-sided prisms, -which 
are stable in air and do not effloresce over snlpbnric acid. Water decomposes tbe 
salt, forming iodate. Tbe corresponding ammonliim selenatomoiioic^afe, 
2(NH4)20.2Se03.l205.H20, is obtained in a similar' way using 8:1:7 molar pro- 
portions of seienic acid, iodic acid, and a mm onia. If tbe proportions 7:1:1 
be employed, anmomnm selenatotriiodate, 2(NH4)20.2Se03.3l205.5H20, is obtained 
in colourless prisms, similarly also with seienic acid, iodic acid, and potassium 
hydroxide in tbe proportions 6:1:3, or 6:1:1, potaj^nm seleimtotriiodate, 
2K20.2Se03.3l205.te2^j ^ obtained in colourless crystals wMeh are stable in air 
and do not effloresce over siilpburic acid. Tbe salt is decomposed by water. 
Similarly, using a soln, with seienic acid, iodic acid, and mbidiinn hydroxide in tbe 
molar proportions 7:1:4, rubidiimi ^lenatotriiotote, 2Rb2O.2SeO2.3i2O5.5H2O, 
is formed. 

H. Fonres-Diacon ^ obtained mefcnric diselenodiflnoride, HgF2.2HgSe, by 
passing hydrogen selenide into a soln. of yellow mercuric oxide in fuming bydro- 

flnoric acid. When dried at 110"^, tbe precipitate 
is yellow. It is decomposed by alkab-lye, and bv 
boiling water. H. Uelsmann obtained mercnrie 
diselenodichloride, HgCl2.2HgSe, by tbe action of 
hydrogen selenide on a soln. of mercnric chloride, 
and by tbe action of an excess of mercuric chloride 
on potassium selenide or a soln. of selenium in 
ammonium sulphite soffl. Tbe white powder, when 
heated, decomposes into mercuric selenide and a 
sublimate of mercuric chloride. Soda-lye blackens 
it, and when boiling, it forms an oxyselenide. It 
is insoluble in hydrochloric, sulphuric, and nitric 
acids even when boiimg ; it is freely soluble in 
aqua regia, and in a mixture of cone, sulphuric 
and nitric acids. H. Fonzes-Diacon also prepared merctuic ietraselenodicMoride, 
HgCl2-‘^Sg^j action of hydrogen selenide on a sobi. of mercuric 

chloride mixed with a hydrochloric acid soln. of cuprous chloride — ^the product 
may be a mixture of selenium and diselenodichloride. H. Fonzes-Diacon 
reported mercuzic dlselexiodibromide, HgBr2.2HgSe, as in the case of the corre- 
sponding diselenodichloride. He also reported mercuiic tetras^eiiodibroiiiMe, 
HgBr2-2HgSe2, like the corresponding HgBr2.2HgSe2. F. Oiivari determined the 
f.p. of mixtures of selenium and mercuric chloride, and the resulting curve. Fig. 63, 
shows no sign of a chemical compound. There is a region of limited iinmiscibility 
in the liquid state for soln. with between 16 and 53 per cent, of selenium. The 
eutectic at 210° corresponds with 81 per cent, of selenium. H. Fonzes-Diacon 
also obtained du^tenodiiodide, Hgl2.2HgSe, by the method used for the 

di^lenodichloride. 



Fig. 63. — ^The Freeadng Points 
of Mixtiires of Mercuric Bro- 
mide and SaLenium. 
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§ 15. Selenium Sulphides 

F. Stromeyer ^ found selenium mixed with the sulphur of the Lipari Islands, 
W. Haidinger called the admixture volcanite ; L. Bombieci, eolide — ^after the name 
Aolian Islands ; and J. Dana, selensulphur. E. Quercigh described the native 
selensulphur which occurs on Vulcano, Aeolian Islands, in thin adherent layers in 
an altered siliceous rock. The amorphous, vitreous, brownish-red mass has a 
conchoidai fracture ; and it is, microscopically, transparent, blood-red, isotropic, 
and not pleochr oic . It contains minute, opaque impurities, and has a sp. gr. between 
2*544 and 2*675. Traces of tellurium, and arsenic are present. J. D. Dana showed 
that the sulphur of Kilauea, Sandwich Islands, is seleniferous, and G. V. Brown found 
that an orange-red or sulphur-yellow incrustation on the slaggy lava from the crater 
of Edlauea contained sulphur and selenium in the at. ratio 45*5 : 1, and no tellurium- 
E. Divers discussed the seleniferous sulphur of Japan, which also contains some 
tellurium. 

J. J. Berzelius found that sulphur and selenium may he fused together in all 
proportions ; but he seems to have assumed, partly by analogy with the oxides- 
that two chemical individuals are formed, namely, selenium di- and tri-sulphides — 
SeS 2 and SeSs. B. Bathke made a similar observation, and A. Bettendorfi and 
G. vom Rath stated that no crystalline compounds are formed during the free 2 dng 
of the molten mixture. W. E, Ringer showed that the molten elements 
are miscible in aU proportions, but when the proportion of selenium is greater than 
10 at, per cent., crystallization does not readily occur- Even by very slow cooling, 
the mixture solidifies in an amorphous form ; and when the proportion of selenium 
is high, crystallization can be completed only by heating the selenium for many 
hours near its m.p. The crystalline mixtures probably contain only mixed crystals, 
and no evidence of the formation of a compound was observed. The following 
final ULp. were observed with mixtures containing the following atomic percentages 
of selenium winch melted at 21T*4®~217*8° — ^the m.p. of the sulphur being 
118*2M19^* 

Se . 10 20 30 40 V 50 60 70 80 90 

M-p- . 116*5® 114*2® 108® 106® 130*" 136° 150® 170-5® 188® 
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The initial m.p. of the roistnre with 10 per cent, of selenium was 114'. The whole 
of the resnits are plotted in Fig. 64. E. Beckmann and C. Platzmami found seleninm 

to be sparingly soluble in sulphur, and with soln. no 
220 °i — ! — ^ ^ ^ — f — : — to 2*5 per cent. Se, the raising of the f.p. averaged 

0*242” per one per cent. Se ; and it is concluded that 
seleniinn is present as Seg. A. Bettendorf and 
G. vom Rath, and W, 3Inthniaiin studied the iso- 
morphous crystals obtained from soln. of the two 
elements in carbon disulphide . TT. E. Ringer gave 
the results summarized in Fig. 65. According to 
W. Muthmann, one set of solid soln. takes the form 
of the monoclinic prisms of sulphur with a :h : c 
=1*0609 : 1: 0*7094, and ^=91= 47' ; thus, crystals 
_ _ _ with 48 per cent, selenium had the axial ratios 

- ms a : 5 : c=l-0614 : 1 : 0*7046, and ^=91^ 18h The 

tomicfiercm . ^ other set takes on the form of the monoclinic prisms 

a:6:c=l-6349: 1:1-6095, and 
Sulphur. p=104 2 ; thus, crystals with 68 *o per cent. 

seienium have a : 6 : c=l*5925 : 1 : 1*5567, and ,8 
=105'^ 29'. In the case of molten mixtures, W. E. Ringer observed three series 
of solid soln. : (i) sold soln. of the first type of monoclinic sulphur with 0 to 
27 at. per cent, of selenium ; (ii) solid soln. of the second type of monoclinic 
sulphur with about 50 to 82 at. per cent, of selenium ; and {iii) hexagonal or 
(trigonal) mixed crystals of the type of the metal selenium, with 87 to 100 at. 
per cent, of selenium. When seienium is added to sulphur, the transition point 
(95*5°) from the monoclinic to the rhombic variety is lowered ; when 2*05 at. 
per cent, of seleniuin is present the transition point is 93*5° ; with 4*25 at. per 
cent, it is 91°~93° ; with 7 at. per cent, it is 83°--86°, and with 12 at. per cent, 

it is 76®--82°. The mixed crystals of series (i), therefore, exhibit the same 

transition from monoclinic to rhombic crystals below a certain 
temp, that sulphur does. The mixed crystals of the other 
two series do not show any transition. At the ordinary 
temp, there exist a series of rhombic crystals with 0 to 10 at. 
per cent, of selenium, and the second (extending, however, 
only from 55~75 at. per cent, of seienium), and the third 
series just mentioned. L. Losana studied the ternary sys- 
tem: S-Se-Te — vide, tellurium. M. Padoa found the at. 
Fig. 66. — Composi- heat of sulphur in mixtures containing 4, 9, 28*7, and 90*35 
tiou of Solid Soln. per cent, of rhombic sulphur to he respectively 7*03, 6*00, 
of Siilphur and So- 5*87, and 5*50 ; and with 90*35 per cent, of monocKnic 
Tro^Com- sp. ht. sulphur. H. E. Merwin and 

ponentB. S. Larsen proposed mixtures of selenium and sulphur as 

immersion media in the determination of high refractive 
indict. They found for the indices of refraction for the Na- and Li-lines of 
mixtures containing the following percentages of seienium : 



^ ^ m m m 


Se 


0*0 9*0 26*0 48-2 64*0 75-0 80-0 93*8 100 per cent. 

1*978 2-000 2-050 2-125 2*250 2-350 2*400 2-600 2-716 

1-998 2-022 2-078 2-163 2-307 2-423 2-490 2-755 2*920 


J. J. Berzelius obtained what he regarded as selenium disulpMde, by 
passing hydrogen sulphide into seienious acid. The lemon-yellow precipitate 
becomes orange-yeUow and remains suspended in the liquid for a long time ; 
but it is flocculated by warming the liquid, or by the addition of an acid. The 
analysis is in agreement with that requir^ for the disulphide. The powder 
dries to a red colour. If the seienious acid he mixed with nitric acid, and then 
treated with hydrogen sulphide, E. von Gerichten found that the product has 39*0 
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iastead of the theoretical 554 per cent, of selenium ; and B. Rathke found that 
after dissolution in and crystallization from carbon disulphide, the product had 
63*86 per cent, of selenium. According to E. Divers and T. Shimidzu, hydrogen 
sulphide passed into a cold, dil. soln. of selenious acid gives a yellow, pulverulent 
precipitate containing S : Se=2 : 1, viz. 2H2S-fH2Se03=:2S+Se-f SH^O ; but if 
the soln. is warm, another reaction sets in, forming sulphuric acid and seieniuin ; 
2H2S+4H2Se03=2H2S04-l-4Se+4H20, so that the precipitate becomes richer in 
selenium ; dil. sulphurous acid with an excess of a cone. soln. of hydrogen selenide 
yields a deep red precipitate of seieniuin free from sulphur : 2H2Se+B[2S03=2Se 
+SH-3H20 ; and the sulphur reacts with the excess of hydrogen selenide" HgSe+S 
=H2S+Se; but gaseous hydrogen selenide passed into sulphurous acid gives an 
orange-red precipitate containing sulphur: 6H2Se-|-2H2S03=6Se-f 2ir2S+6H20. 
The hydrogen sulphide there reacts with the sulphurous acid in excess, 2H2"S-fH2S03 
=3S+3H20. E. von Gerichten observed that if an excess of hydrogen sulphide 
he passed into a soln. of selenious acid in an excess of potash-lye, the liquid becomes 
reddish-brown, and then selenium is slowly deposited. He assumed that the 
selenious acid is completely reduced, forming the sulphide, which is then decomposed 
hy the alkali-lye to form a soln. of polysulphide. If less hydrogen sulphide be 
introduced, and the reddish-brown soln. be treated with sulphuric acid, there is 
formed a mixture of selenium and sulphur approximately in the proportion Se : Se^ 
is precipitated ; and if a soln. of potassium selenite and sulphuric acid be treated 
with hydrogen sulphide, the precipitate has the composition 8082 ; while if selenious 
acid be mixed with ammonium sulphide, the reddish-brown precipitate of SeSs 
is formed, which is freely soluble in an excess of ammonium sulphide. 

According to J. J. Berzelius, selenium disulphide softens at 100®, and melts at 
a slightly higher temp. ; at a still higher temp, it boils and distils, "^en burnt in 
air, sulphur dioxide is the chief product, afterwards selenium dioxide, and if the 
supply of air be limited, some selenium sublimes unburnt. H. Rose found that 
chlorine gas forms a mixture of selenium and sulphur chlorides, and the latter is 
volatilized before the former. J. J. Berzelius said that nitric acid slowly decomposes 
the disulphide, while aqua regia acts quickly ; when the disulphide is fused with a 
small proportion of potassium carbonate, the product when extracted with water 
leaves a residuum of selenium, whereas if a large proportion of the carbonate be 
employed, the whole is soluble in water ; a small proportion of potash-lye extracts 
sulphur and leaves a residuum of selenium containing a little sulphur, whereas with 
a large proportion of alkali-lye, all the sulphur and a little selenium are dissolved 
while selenium remains as a residuum. A soln. of potassium sulphide or hydro- 
sulphide abstracts sulphur from the disulphide, with the separation of selenium — 
the latter solvent only after prolonged boiling. If the solvent be in excess, some 
selenium is dissolved, and sulphur free selenium remains ; if but a small proportion 
of the solvent is used, no selenium is dissolved. 

According to A, Gutbier, a soln. of coUoidal selenium disulphide is formed when 
hydrogen sulphide is passed into a neutralized aq. soln. of selenious acid. 
The yellow and green fluorescent liquid can be filtered in the usual way without 
change ; il is slowly coagulated in the presence of electrolytes. A. Gutbier 
and J. Lobmann added that when the hydrosol is boiled in the presence of hydro- 
chloric acid, a bright red precipitate is formed ; and this reaction is influenced hy 
light, heat, time, and press. The hydrosol obtained by passing hydrogen sulphide 
into an aq. soln. of selenium dioxide also does not contain selenium and sulphur 
chemically combined, since, when the soln. is repeatedly agitated with carbon 
disulphide, the total amount of sulphur present can be separated. 

According to A. Ditte, if a very dil. soln. of selenious acid at 0® to 5® be saturated 
with hydrogen sulphide, a lemon-yellow powder is produced which can be well 
washed and dried in vacuo ; it is a mixture of selaniiim monosulphide, 8eS, anti 
sulphur : Se024-2H2S=2H20+Se8+S, the supernatant liquid contains nfither 
selenium nor pentathionic acid. If the mixture be left for some time nioisterted 
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with carbon disulphide, it fiiniishes oxange-yeliow scales having the composition 
of selenium monosulphide, for the excess of sulphur in the original precipitate goes 
into soln. If a neutral selenite soln. be used in place of seienious acid, the mono- 
sulphide can he more readily obtained in the subsequent treatment vrith carbon 
disulphide, but it is then of a dark reddish-brown colour, and a slightly smaller 
content of sulphur. E. Divers and T. 8himi(izu considered that this is the onlv 
sulphide of selenium whose existence as a chemical individual has been established. 

A. Bitte said that during its formation there is an increase in voL, and an absorption 
of heat. The sp, gr. is 3*056 at and 3*035 at 52", making the coeff. of expansion 
between 0° and 52°, 0*00014:76; the sp. ht. is 0*1274. The monosulphide melts 
when heated, giving ofi first vapours of sulphur, and then a mixture of sulphur 
and selenium. It is insoluble in water and ether ; and soluble in carbon disulphide, 
from which soln. it cannot be obtained by crystallization ; it gradually 
blackens in contact with absolute alcohol owing to its decomposition into its 
constituents : and a soln. of potassium sul]jMde is coloured reddish-brown. 
According to B. W. Xord lander, j}aper coated with selenium sulphide is blackened 
on exposure to air containing traces of mercury vapour. 

While J. J. Berzelius, and B. Rathke assumed that the precipitate obtained by 
the action of hydrogen selenide is a chemical individual, H. Rose, and E. Wohlwiii 
regarded it as a mixture of the two elements. E. von Gerichten said that the lemon- 
yehow product first precipitated is a chemical compound, but it is unstable, and 
is soon reddened by the separation of selenium as a product of the decomposition. 

B, Rathke seemed to consider that owung to the similarity in the chemical mixtures 
of sulphur and selenium, their affinity for one another is weak, and that they can 
form an indefinitely large series of compounds — recalling the homologous hydro- 
carbons — with 8048 as the lower limit and 8084 as the up]3er limit. He found that 
by the fractional crystallization of soln. of selenium sulphide in carbon disulphide, 
the first crop of crystals are rich in selenium, and successive fractions gradually 
become richer in sulphur. This variation in composition is usually taken to indicate 
that only mixtures, not chemical individuals, are involved. The same conclusion has 
been drawn from the general action of various solvents. In spite of their variable 
composition, B. Rathke maintained that the crystals formed by fusing together 
selenium and sulphur and crystallizing the product from carbon disulphide contain 
a definite sulphide of selenium, (i) Unlike free selenium, the product is not rendered 
insoluble in carbon disulphide by heating at 100°, (ii) In spite of their very great 
difference in solubility, selenium and sulphur cannot be separated from the product 
by fractional crystallization, (iii) As shown by W. E. Ringer, the solubility of 
selenium associated with sulphur is several times as great as that of free selenium. 
E. Divers and T. Shimidzu stated that the copious volatilization of sulphur which 
occurs when the precipitacion takes place in hot soln., and the fact that in precipitat- 
ing any true metal sulphide from a hot soln., no such volatilization of sulphur occurs, 
even in the case of tellurium sulphide, is taken as proof that the nascent sulphur 
is uncombined with the selenium when precipitated along with it. The selenium 
monosulphide alone has been established as a chemical individual. A. Gutbier and 
J. Lohmann studied the action of hydrogen selenide on sulphurous acid, and of 
hydrogen sulphide on seienious acid, and found that the orange-red product prepared 
by the action of hydrogen sulphide on an aq. soln. of seienious acid in the absence 
of air and of light contained 58*1 per cent, of selenium and 41*8 per cent, of sulphur, 
whilst the product obtained under press, contained 17*63 per cent, of selenium and 
82*27 per cent, of sulphur, -whereas 8082 requires Se=55*23 and 8=44*77 per cent. 
At the ordinary temp., in the presence of air, a product is obtained which, when 
hqated, becomes red and has the formula 8082 ; at higher temp., a product richer in 
selenium is obtained, and at lower temp., the product contains more sulphur than 
selenium. These results indicate that a compound is not formed. At the ordinary 
temp., hydrogen sulphide acts as a reducing agent according to the equation : 
H2SeO;j+2H28=8e+82+3H20. At higher temp., the liberated sulphur is 
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oxidised to sulpliur trioxide. From the mixture obtained by the action of hydrogen 
sulphide on selenious acid, the sulphur can be mechanically separated by extraction 
with a mixture of benzene and carbon disulphide. W. FI. Hinger’s observations, 
Fig. 64, lend no support to the hypothesis that selenium sulphides are formed when 
mixtures of the two elemeuts are melted together. 
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§ 16 . Sulphoselenides 

C. Messinger ^ prepared sodium sulphodiselenide, Na2SSe2.5H^0, as a mass of 
dark red scales, by boiling selenium with an aq. soln. of sodium hydrosulphide in a 
current of hydrogen, and adding alcohol to the soln. The hygroscopic salt rapidly 
decomposes in air, forming sodium sulphide and selenium. 

E. Keller treated an acidic or ammoniacal soln. of copper and seleninm with 
hydrogen sulphide, washed the precipitate with cold water, and digested it with a 
cone. soln. of sodium hydrosulphide, etc., and obtained what appeared to be copper 
disulphoselenide, 2CuS.CuSe. The mineral aguilarite, previously described, is 
possibly silver sulphoselenide, Ag 2 S.Ag 2 Se. H. W. D. Wood described the of 
cadmium sulphoselenides as pigments in painting. The mineral onofrite, previously 
described, is regarded as mercury sulphoselenide, 4HgS.HgSe. 

A. Stock and E. Willfroth prepared carbon sulphoselenide, CSSe, by maintaining 
an arc under carbon disulphide between a graphite cathode, and an anode made of 
graphite and selenium (17*5 : 100). The reddish-hxown soln. had black particles 
of selenium and graphite is suspension ; and it contained non-volatile decom- 
position products of carbon disulphide, and carbon subsulphide, C%S 2 , and carbon 
sulphoselenide. , These two compounds were separated by fractional distillation 
in carbon disulphide vapour, and subsequently converting thp carbon subsulphide 
into a non-volatile complex by treatment with jj-naphthylamine. The sulpho- 
selenide was then separated by distillation. H. V. A. Briscoe and co-workers 
obtained some sulphoselenide by passing the vapour of carbon disulphide over 
ferrous selenide at 650®, and fractionating the product. 

Carbon sulphoselenide is a deep yellow liquid which is stable in air. The vapour 
is lachrymatory, and causes violent irritation of the nasal mucous membrane ; 
when diluted with air, it has a pungent, onion-like odour. The liquid is oily and 
moderately viscid, and it wets glass only partially. The analysis agrees with 
CSSe, and H. V, A. Briscoe and co-workers found that the vapour density corre- 
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spends with tMs forinnla, so also do cryoscopieoLserTations of the inol. %vr. :l 
and in bromoform. A. Stock and E Willfrotk tzave 1-979 for tbe sp. sr. at pj' 4 ' . 
wMst H- T. A. Briscoe and co-worker^ ubtained 1*9'' 74 at 2 o' 4^ ; 1*9777 at it“9 4 “ ; 
1*9678 at 3074 ° ; and 1*9484 at At' 4\ The sniface teiL-ion T..r:e’l frou 3 ':^- 7 ' ' 
to 40-44 d}Ties per cm. at 20^. so that the moL paiaehor Jly^^D is 106*4, xLich is 
taken to be in accord with the formula Se— 9'— S. The coeAl of cubical t-xi.c.!.siuu 
is 0*000996 between 2^ I'" and 4(0. The b.p. is ho*9* ^ to 83*90" at 749*9 n^ia. A. Stock 
and E. Willfroth gave 84" for the b.p. : — 8 b" for the m.p. ; 43 mni. for the va>. 
press, at ; and /x=l *7379 for the index of refraction witii D-light ..t 2 ; 0 . 

A. Stock and E. Willfroth said that the liquid is decomposed hy liidit. and by 
heat, and when kept for a long time at ruom temp. The decomposition piuducts 
do not contain any substance corresponding with the diselenide. CSe^. 
H. Y. A. Briscoe and co-workers’ product was probably of a higher degree of purity, 
since it was not decomposed if kept in the dark. Some decomposition occurred 1 
when the liquid was exposed to sunlight. ' The liquid furnishes hydrogen sulphide 
and selenide when it is reduced by nascent hydrogen from zinc and hydiochioritle 
acid. Carbon snlpho.-eienide is non-infiammable, but when wanned, its vapour 
burns with the intense blue flame characteristic of selenium compounds. The 
compound is immiscible with water. Carbon snlphoselenide reacts with chlorine 
at ordinary temp, to form thiocarbonyl and selenium tetrachlorides ; and with 
bromine to form thiocarbonyl and selenium tetrabromides. If the snlphoselenide 
be suspended in water and treated with bromine, a thick oil is obtained ; this 
solidifies, and when er\"stallized from benzene it furnishes carbon disnlphoseleno- 
hexabromide, C^SoSeBig, as a wEite solid with a smell recalling that of phosphorus. 
The solid distils under reduced press. If heated slowly, it melts sharply at 90", 
but if kept at 78° it slowly liquefies. This is taken to indicate that the substance 
exists in two forms — one solid, one liquid. Carbon snlphoselenide dissolves sulphur 
very sparingly, but selenium is insoluble. At ordinary temp., hydrogen sulphide, 
and hydrogen selenide have no action. When the snlphoselenide is in contact 
with aq. ammonia for several hours at 15°*, or for a few minutes at 80°*, a yellow solid 
is produced which is insoluble in all solvents tried, but it forms a blood-red soln. with 
boiling aq. ammonia. The soln. deposited an orange-red, gelatinous mass when it 
was acidified. Carbon sulphoselenide is decomposed by heat. The action of 
gaseous ammonia on a soln. of the sulphoselenide in absolute alcohol is attended 
by a considerable rise of temp, and a blood-red sola, is formed from which a red 
amorphous precipitate is deposited. Carbon sulphoselenide reacts with phenyl- 
hydrazine in alcoholic soln. with the evolution of heat ; and the soln. slowly deposits 
light greenish-yellow, tabular crystals which are probably (C 6 H 5 .NH.NH 2 ) 2 CSSe, 
analogous to the compound formed with carbon disulphide. Carbon sulphoselenide 
is freely soluble without decomposition in ethyl alcohol, bromoform, acetone, 
benzene, and other organic solvents. An alcoholic soln. of carbon sulphoselenide 
and aniMne gives oil hydrogen selenide and sulphide for 2 days, and deposits white 
crystals of (C 6 H 5 .NH) 4 CSSe. Attempts to prepare compounds analogous to the 
thiocarbonates by the interaction of carbon sulphoselenide with aq. soln. of sodium 
sulphide, or ammonium polysulphide, or sodium hydroxide gave blood-red soln., 
from which no crystalline product could be isolated, but a gelatinous precipitate was 
formed when the soln. was acidified. An alcoholic soln. of sodium ethoxide was 
found by A. Stock and E. Wiilfroth to furnish sodium moBOsdeaoxaiitliate,- 
SeC(SNa)(OC$H 5 ), in deliquescent, yellow- crystals. A soln. of this substance gives 
with the salts of the heavy metals products analogous to those produced with 
sewiinm xanthate. 

3. Meyer prepared phosphorus sulphoselenides, believed to be p 4 S 2 Se, and 
from the elements. Their m.p. are respectively 186° to 187°, and 217°. 
Mixtures made up of phosphorus tetratriselenide, and tetra trisulphide were found 
to have the same m.p., so that it is thought that the supposed compounds may be 
only isomorphorus mixtures- 
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A. Ditto prepared potassium selenosulphostannate, K28.S11Seo.3H2, by boiling a 
cone. soln. of ])OtaS8iiiiu sul])liidc with tlie tlieoretical amount of seleiiiuni and a 
slight excess of tin, and evajamiting tlie soln. in vacuo. It forms yeiiovv octaliedra, 
very soluble in water, with formation of a rose or red solii., according to the degree 
of cone. J'>oth th<i soln. ami tlic crystals decompose when exposed to air, a black 
crystalline selenium being lilieniled. A. Ditte also obtained ammOBiuili selenO" 
SUlphostaiMlutCj (NJl4)2b.ohnSe2.dH20, by treating an excess of hydrated tin 
(liselenide witli a cone. soln. of aiumoniiim hydrosulphide in the cold, filtering, and 
evaporating the red filtrate in a vaciiuni over potassium hydroxide and sulphuric 
acid. It forms yellowish-rcd plates, less stable than the preceding compound. The 
crystals are (lecomj)osod by water, with se])aration of red flakes of tin diselenide. 

E von CTcrichteu prepared arsenic disulphoselenide, As2S2Se, by melting arsenic 
triselenide and trisulphide in the correct proportions. It appears as a red, trans- 
parent, perfectly honiogeneous mass, wdth a bright, deep black fracture. It is 
soluble in tlie cold, if finely jiowdered, in ammonium hydrosulphide, imparting to 
the soln. a dark brown-red colour. If it be left to itself for a couple of days ail the 
selenium separates ; a soln. of ammonium carbonate dissolves it, with the exception 
of a little selenium. When the ammonium sulphide is decomposed by an acid, a 
reddish-yellow precipitate is obtained with 23*10 per cent, instead of 21 * 91 , which 
the formula given above requires. Similarly, arsenic sulphodiselenidCj As2SSe2, 
was obtained a,s a non-transparent, apparently perfectly crystalline mass, which 
distils unchanged, and dissolves in ammonium hydrosulphide with somewhat more 
difficulty than the previous compound, giving to the liquid a fine deep yellow 
colour, and leaving a slight residue. On standing, the soln. gradually changes to 
red. When decoiufiosed by acids it gives a brown-red precipitate with about 
11*01 per cent. S, instead of 946 ; and is therefore essentially different from the 
previous compound. According to E. Szarvasy, arsenic disulphotriselenide, 
As^SoSc^, is formed when arsenic disulphide and selenium are heated together in 
the requisite proportions in an atm. of nitrogen ; it is best purified by repeated 
distillation under low press., and then forms a black, highly glistening substance 
which, in thin plates, has a purple-red .colour. In chemical properties it resembles 
arsenic pentaselenide ; it is soluble in alkali-lye, and is precipitated unaltered on the 
addition of an acid. Vap. densities taken at 550 *^- 600 ° indicated that dissociation 
had taken place ; and arsenic trisulphodiselenide, As.2S3Se2, is produced in an 
analogous w'ay from arsenic trisulphide and selenium. It forms thin, ruby-red 
plates. The vap. density at 750 ° shows that dissociation occurs. E. von Gerichten 
obtained antimony disulphoselenide, Sb2S2Se, in the wet way by precipitation with 
a soln. of selenium disulphide in potavssium hydroxide. G, Hofacker obtained a 
reddish-brown powder of antimony trisulphodiselenide, Sb2B3Se2, by treating with 
acid a soln. of sodium selenotrisuljihantimonate. The chemical individuality of 
these substances has not been established — ior lead bismuth sulphoselenides, mde 
supra, bismuth selenide. 

C. Messinger prepared sodium sulphotriselenoarsenate^ Na3AsS8e3.9H20, 
together with selenotrisulphoarsenate when arsenic trisulphide is^ dissolved in a 
mixture of sodium sulphoselenide, and selenide : As2Se3-rKa2Se2B-f 3Ka.2S 
=:..Na^8e+Na3AsS3Se4-Na3AsSe3S ; the selenotrisulphoarsenate is deposited first 
when the soln. is slowly cooled. The suliihotriselenoarsenate furnishes red hygro- 
scopic prisms which are decomposed by acids with the evolution of hydrogen 
sulphide and selenide, and the precipitation of selenium and arsenic trisulphide. 
W. Muthmann and A. Clever obtained jiossibly a mixed salt, Na3As8i.5be2.5.9H20, 
from a soln. of 5 grras. sodium hydroxide, 7*5 grins, of water, sodium sulphide, and 
6 grms. of arsenic pentasulphide. They also obtained the corresponding potassnm 
sulphoselenoarsenate, KaAsSi 5Se2.5.^H20. C. Messinger reported ^um dr- 
seleiiodisulphoarsenate,IS(a3AsS9Seo.9H>0,to be formed by melting arsenic, sulphur, 
and selenium to form As2SSe4, and treating the product with a hot soln. of sodi^ 
hydrosulphide. Reddish-yellow, prismatic crystals separate on cooling. Ihe 
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compoimd is decomposed bj acids. When tMs compound is boiled with, tbe 
calculated quantity of sodium bydrosulphide, brownisli-yeEow prisms with the 
composition Xa3AsS2.5Sex.5.8H20, are formed; if arsenic disulphoselenide be 
similarly treated with sodium hydrosulpliide, sodium trisulplioseleiioarseiiate, 
XagAsS-^Se 8H2O. crystaDizes at —7" in brownish-yellow prisms. The crystaL 
are stable in dry air, and are decomposed by moist air and by acids. He also 
made Xa3AsS3.5Seo.5.8H20. 

Gr. Hofacker obtained sodimn IxisiRplioselenoaiitmioiiate, Xa3SbS2Se,9H20, by 
adding alcohol to a soln. of a gram-atom of selenium in a mol of sodium stiipho- 
antimonate. It is isomorphous with the corresponding seleno- and sulpho-salts. 
The yellow salt becomes brown in air ; it loses all its water but no selenium, at 
100^ ; acids precipitate antimony trisulphodiselenide. I. Pouget obtained some 
mised salts, NasSbSx-sSei.sJHoO ; and Xa3SbSx.5Se2.5.9H20, from soln. of antimony 
and selenium in sodium selenide ; and likewise potassium snlpRos^enoailtimOBite, 
EioSb4S5Se6AH20, from a soln. of antimony, and selenium in potassium sulphide. 

J. Meyer prepared phosphorus disulphoselenide, P4S2Se, by melting together 
the corresponding proportions of the constituent elements. It melts at 190^-200° ; 
and closely resembles the selenide p4Se3. It may not he a true compound. 
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§ !?• Oxysulphoselenium Compoxmds 

G. Magnus ^ observed that selenium rapidly dissolves in warm fuming sulphuric 
acid ; hut, added X. W. Fischer, no compound wdth sulphur trioxide is formed. 
Gr. Magnus said that selenium is precipitated as a red powder when water is added 
to the green soln., and only about one-fiftieth part of the selenium remains in soln., 
and it is precipitated by hydrogen sulphide. If the green soln. is warmed, selenium 
and sulphur dioxides are formed ; and water precipitates only a little seierdum 
from the sohi. decolorized by boiling. G. Magnus explained these facts by assuming 
that selenium dissolves in the sulphuric acid without alteration, while X. W. Fischer 
said that the selenium is present in an oxidized state because sulphur dioxide is 
formed in the process of soln., and on adding water, the sulphurous and seienious 
acids react to form selenium and sulphuric acid. According to L. Gmelin, sulphuric 
acid containing the anhydrous acid dissolves selenium at ordinary temp., while 
ordinary sulphuric acid dissolves it when boiled for some time — ^the fofUaer giv^ a 
soln, precipitahle by water and yields a filtrate which becomes faintly turbid when 
treated with hydrogen sulphide ; while the latter gives a filtrate rich in seienious 
acid. Both soln. axe daxk green, and turn yellow when boiled, and then suddenly 
becomes colourless. The colourless soln. no longer gives a precipitate with water, 
sinee it contains seienious acid, but it yields an orange-yellow precipitate with 
hydrogen sulphide. R. Weber, and A. HUger also studied the action of sulphuric 
acid on selenium. According to R. Auerbach, cryoscopic measurements show that 
metahoidal selenium dissolves in pyrosulphuric acid as 802 , and that at 130°, the 
element becomes metallic when it is present in single atoms. At the same time the 
colour changes from green to yellow. By adding water to the soha. of Seg in 
pyx<mdphuric acid, at 20 °, the colour changes from green through yellow and red 
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to violet, ti.s tlie size ef the particles increase, the metalloid is then precipitated ; 
above 130 ", the colour change is from yellow, through red, to blue, and the metallic 
form Js precipitated. If the yellow, metallic solii. is coagulated at ordinary temp., 
are first reformed, and the colour changes in the regular way until the 
metalloid is {)recipitated. 

A. C. hell 111 tz-belluck found that when the dark green soln. of selenium in cone, 
sulphuric acid is heated in a sealed tube, it acquires the same pale yellow colour 
charactt‘ristic of a soln. of selenium in carbon disulphide examined in a thick layer. 
The selenium is not oxidized at a low temp, ^hen the vapour of sulphur trioxide 
is passed ovt*r selenium at ordinary temp, it forms a mush which slowly jdelds a 
yellow powder of seleninni SulphotriosddB, SeSO^ ; the reaction is faster at a higher 
temp., and considerable amounts of selenium and sulphur dioxide are formed. 
Selenium sulphotrioxido was prepared by R Weber. When powdered selenium is 
mixed with sulphur trioxide, the temp, rises, and a dark green liquid is formed. 
The green Ji({iiid crystallizes in about ten minutes, and it does not again liquefy 
when wariue(i. if the temp, of the reaction be 15 °- 17 ^, only a little sulphur dioxide 
is evolved, dm excM^.ss ol trioxide remains unchanged, and it can be separated firom 
the dark gr(‘-en drops of the sulpho trioxide. E. Divers and M. Shimose obtained 
a green, unstable liquid, probably selenium sulphotrioxide, by the action of sulphur 
trioxide on selenium dichioride. F. W. 0 . de Coninck observed that a little of the 
sulphoxide is formed by the reversible action of sulphuric acid on red amorphous 
selenium: Se+H2S04^-SeS(}3~|-H20. The compound was only prepared by 
W. Prandtl and P. Borinsky. S. Littmann noticed that the sulphotrioxide is 
formed during the cone, of seleniferous sulphuric acid. E. Weber emphasized the 
analogy between sulphur sesquioxide, S2O3, and selenium sulphotrioxide, (SeSjO^. 
E. Divers and T. Shimidzu regarded selenium sulphotrioxide as a selenium sulphite, 
Se(S03), constituted : 


because (i) tbe hydrolysis with water resolves it partly into sulphurous acid and 
partly into what is equivalent to a base : Se2(S03)2+2H20=(Se+Se02)+2H2S03, 
and partly like ^silver sulphite into metal and sulphuric acid : 862(803)2+21120 
=2Se+2H2S04 ; hence, the sulphotrioxide stands in. the same relation to the 
sulphites of strong metals as the corresponding chlorides do to the metal chlorides, 
(ii) They are not only formed by the direct union of their quasi-metal with sulphur 
trioxide, but they can be partially decomposed in vacuo into these components : 
Se2(S03)2=2Se+(S03)2 ; (iii) it dissolves in fuming sulphuric acid without decom- 
position, and when thus dissolved, it is decomposed like a sulphite by hydro- 
chloric acid : Se2(S03)2+2HCl=:H2S03+Cl2Se2(S03) — vide supra— ojxd this reacts 
with hydrochloric acid, 012802(803) +HCI=Se2Cl2+irth803, as in the case of 
the corresponding ohlorosulphite of mercury : Cl2Hg2(S03)+H{OH)=Hg2Cl2 
+(H0)B[S03. R. Auerbach said that selenium dissolves in pyrosulphuric acid as 
Se-mols, W. Prandtl and P. Borinsky represented it, as in the case of sulphur 
sesquioxide (qrv,) : 



0 

Se 


Selehium sulphotrioxide was described by R. Weber as a dark green liquid 
which freezes to a dirty green mass consisting of microscopic, prismatic crystals. 
These crystals form a yellow powder. E. Divers and M, SMinose obtained what 
they regarded as a yellow, amorphous modification, by heating the sulphoxide 
m vacuo slowly and maintaining a moderate temp, for a long time. With more 
rapid heating, reddening occurs before the yellowing stage is completed, and the 
mass contains a much greater proportion of selenium than when the heat is 
better graduated. According to R* '*Weber, selenium sulphotrioxide is more 
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stable than sulpkiir sesq_iiioxide. The suipiiotnoxide is not decoinT.&sed 
by gentle beat ; and after it bas been solidined, it cannot be melted wirbout 
decDuipositioG into sulpbur, and tbe dioxide* o£ snlpbnr and seleninrn. 
A- C. Scbnltz-Seliaek said that when gently heated, it deconipo>e* into sekninn: 
and siilpbur trioxide. E. Divers and M. Shimose found that the snlpho- 
trioxide very slowly becomes dissolved at ordinary temp, owing to decom- 
position ; but it may be heated to 35" for some time without appreciable alteration. 
Decomposition begins to show itself at 40" by a change of the green colour to brown, 
and by the escape of sulphur dioxidej although this is exceedingly slow, even when 
90*^ is reached. At 120^ and upwards, however, sulphur dioxide is steadily evolved, 
the colour graduaEy changes to bright yellow, and the %'oL slightly shrinks. On 
continuing tlie heating the colour changes to orange, and then reddens and darkens 
until it becomes identical with that of selenium. Selenium, in fact, is here formed 
together with its ordinary oxide. As indicated above, a prolonged hearing in 
vacuo changes it into a yellow, amorphous modification. E. ITeher said that the 
sulphotrioxide is decomposed by water, forming sulphuric acid, sulphur dioxide, 
selenium dioxide, and selenium. E. Divers and M. Shimose said that the yellow 
sulphotrioxide hisses when thrown into water, just like the green sulphoxide, and 
the teilurium sulphoxide, and it is therefore a sulphuric oxide compound ; it bears 
a heat of 120", and therefore its sulphur trioxide is in combination ; it does not 
contain any green sulphoxide, by which the properties might be explained ; and 
its yellow colour cannot be regarded as due to free selenium. The reactions with 
water are indicated above. A sulphuric acid soln. of selenium sulphotrioxide 
behaves like a sulphite when treated with hydrochloric acid, decomposing in two 
phases as indicated above. R. Weber found that selenium sulphotrioxide, like 
sulphur sesquioxide, is insoluble in sulphur trioxide, and it is dissolved by warm 
hydrated sulphiir trioxide, forming an intense green soln., and if enough sulphur 
trioxide be present to solidify on cooling, the crystals of the sulphur trioxide are 
coloured green by the selenium sulphotrioxide ; E. Divers and M. Shimose added 
that the sulphotrioxide can be oxidized by sulphur trioxide: SeSO^-rSOs 
=Se 02+2800- R. Weber found that fuming sulphuric acid formjs a green soln. 
with the sulphotrioxide, and the soln. behaves as if it were a soln. of selenium in 
fuming sulphuric acid ; the green-coloured soln. can be kept without change, but 
when treated with water, most of the selenium separates out, and the soln. is 
decolorized by heat, forming sulphur and selenium dioxides. The sulphotrioxide 
dissolves in sulphuric acid, H2SO4, forming a green soln. ; in 88 per cent. 
a brown soln. ; and in 83 per cent. H2SO4, it forms a soln., which begins to decompose 
with the separation of selenium. R. Weber found that there is a vigorous reaction 
with ammonia, forming a brownish-xed substance. 

R. Weber 2 found that dry selenium dioxide readily unites with sulphur trioxide 
vrhen the mixture is warmed in a sealed tube, forming the complex Se02-S03, a 
kind of selenium analogue of S2O5 — selenium suipliopentoxide, SeSOs, or selmyl 
^ sulphate^ (Be0)804. R. Metzner found that, at 50®, selenium dioxide dissolves 
copiously in sulphuric acid, sat. with sulphur trioxide ; if, before saturation with 
selenium dioxide, the liquid is cooled, in a dry atm., crystals of the sulphopentoxide 
separate out ; and these can be dried by press, between porous tiles. The compound 
readily fuses ; and the liquid freezes to a crystalline mass ; and R. Metzner added 
that with slow cooling, fine, acicular, deliquescent crystals are produced. These 
do not fume in air. The heat of formation is 4*3 Cals. 

It might be anticipated that just as pyrosulphxuic acid, H2S2O7, or H2SO4.SO3, 
is formed by the union of sulphur trioxide and sulphuric acid, so s^enatl^lpliime 
addb H2SSe07, would be formed by the union of sulphuric acid with selenium 
trioxide, H2S04.Se03, or of selenic acid with sulphur trioxide, Mey^ 

and T. Stateczny found that sulphur trioxide is freely absorbed by selenjc acid 
with the evolution of much heat. The f.p. curve of the mixture is shown in Rig. 66. 
Selenatosulphuric acid, H2SeS073 is a colourless, fuming liquid which forms a solid 
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melting at 6-6“ When strongly heated, it gives ofi oxygen, forming selenium 
dioxide and sulphiirie ae.id and if dil. 'srith water, it forms a mixture of selenic 

and sulpliuric acitiH. When n mixture 'of po> 

tassiiinx hydroaelcnahe and hydrosulphate is melted, i i J j i 

water is given ofl, and potassium selenatosulpliate, i“-^+-4-4n--2 

K2SeS07, or is formed. It is also 

obtained by the action of sulphur trioxide on po- 
tassium selcnate in a. wealed tube at 120'". The salt 

melts at 122" ; it is freely soluble in water, but is at irM/ P ^ 

the same time decomposed iniiO its constituents. A ‘l -^IZCTI 

mixture of sulphur trioxide and ammonium selenate [' i 1 

in a sealed tube at 100'^, forms ammonium sele- /o 20 so io so so w so so mo 
natosulphato, (N 114)2^0807, which decomposes as it Perceotso^ 

is melted ; and it is also decomposed by moist air. — Freezing-point Curve 

A mixture of barium selcnate and sulphur trioxide System : HaSeO^-SOs. 

in a scaled tube ab 200" furnislies barium selenatosulphate, BaSeSOy. It 
decomposes when melted ; aiid by exposure to air ; with water ifc gives a precipitate 
of barium sulphate, a,nd a soln. of selenic acid. The properties of seienatodisulphuric 
acid, ILSoBcOio, or 1128004.2803, or H2[(S04)2Se(02)], are similar to those of 
selenatoBulpburic a-cid ; it melts at 20". 

Accorditig to 8. Oloez,^ when selenium is treated with potassium sulphate in a 
sealed tube at VMT, potassium monoselenothiosulphate, K2SeS03, is formed. 
B. Rathke obtained it by eva])oratmg a soln. of selenium in aq. potassium sulphite — 
sora(^ selcnotritfiionate is formed at the same time. The sulphates of ammonium, 
sodium, and ma-giuvsium similarly furnish unstable selenothiosulphates. B. Rathke 
was unable to make ‘pofasdmn sdenoselemte, K2Se203. P. Rehlander prepared 
rubidium selenothiosulphate by dissolving selenium in a soln. of rubidium sulphite, 
and recovering the solid by preci])itation or evaporation ; similarly with caesium 
selenothiosulphate. F. von Schaffgotsch said that selenium dissolves freely in a soln. 
of sodium sulf)hite ; IL Uelsmann, in one of ammonium sulphite ; and B. Rathke 
added that a soln. of 305 parts of potassium sulphite dissolves 102 parts of selenium ; 
and 360 of magnesium sulphite, 116 parts of selenium; while a soln. of barium 
sulphite has no solvent action. , F. Forster and co-workers observed the possible 
formation of this salt in the decomposition of sulphurous acid (q.v.) in the presence 
of selenium or selenious acid. B. Rathke found that the selenothiosulphates are 
isomorphous with the tbioaulphates. The potassium salt turns brown when 
heated, forming a polysulphide ; it is partially decomposed by water, with the 
separation of selenium, and the ultimate forraabion of selenatothiosulphate. The 
soln. is decompoeed by iodine with the ultimate oxidation of the precipitated 
selenium ; acids precipitate all the selenium ; sulphur dioxide behaves similarly ; 
a neutral soln. of silver nitrate precipitates part of the selenium, while an 
ammoniaca) soln. reacts : K2SSe03+-A.g20=Ag2Se4-K2S04 ; a soln. of barium 
chloride, or baryta- wmter, precipitates selenium and barium sulphite ; similarly also 
wirh calcium and manganous salts ; neutral cadmium salts precipitate eadioram 
selenatotMosidphl!te,'and when the soln. is boiled, selenium selenide and sulphuric 
acid are formed ; mercuric cyanide reacts, K2SSe03+HgCy2+H20=HgSe+K2S04 
•+2HCy ; ferric chloride precipitates selenium and ferric oxide. Confer P. Forster, 
polythionic acids. 

C. A. Oameron and J. Macallan observed no^ sign of the formation of sdeno- 
dithionic acid^ H2Se20^, when selenium ^dioxide is dissolved in selenic acid ; but 
F. Pdrster and co-workers observed its possible formation in the decomposition of 
sulphurous acid (q.v.) in the presence of selenium or selenious acid. 

According to H. 0. Schulze, » when selenious and sulphurous acids react in aq. 
soln., selenium is precipitated when the molar proportion, H2SO3 : H2Se03=2 : 1 ; 
if the proportion deviates from the 2 : 1-ratio a mixture of monoselenotetrathicxiiic 
acid, H^SeSgOe, and of diselenotritMonic acid, HsSegSOe, is formed— the former if 
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tie sulpimrous acid is in excess: 3S02-r2H20-rSe02— H2S04-f-H2S2Se0Q ; and 
tlie latter, if the selenions acid is in excess : 2S02-r2Se02-f2H20 =112804 

-{-H2SSe206. The mixture -with the excess of sulphurous acid can be boiled without 
change, but with selenious acid in excess, selenium separates ; both acids are 
decomposed by hydrochloric acid with the separation of selenium; and hence 
H. Bose emphasized the need for the presence of an excess of this acid when pre- 
cipitating selenium by sulphuric acid. E. Diwers and T. Shimidzu said that a 
selenothionic acid is formed when hydrogen selenide in excess is passed into sul- 
phurous acid. The free acids are Imown only in soln. G. T. Morgan and 
H. I). K. Brew showed that selenium acetylacetone reacts quantitatiwely with 
sodium or potassium hydrosulphite, producing the corresponding alkali monoseleno- 
tiithionate : (C5H6O2 : Se)2+^^3,HS03=2C5H802+2Se(]SraS03)2. G. T. Morgan 
and co-workers found that with sulphurous acid, monoselenotrithionic acid is 
formed: (C5H6O2 : Se)2+^H2S03=2C5H802+2Se(HS03)2. The acid could not be 
obtained in cone. soin. because, when its aq. soln. is evaporated at the ordinary 
temp, under reduced press., red selenium separates when a cone, of approximately 
50 per cent, (or 8A-) is reached. At higher cone., the aq. soln. deposits selenium 
and evolves sulphur dioxide, even at 0 °. On treatment with aq. thallous hydroxide, 
selenodithionic acid yields thallous selenide and sulphuric acid : Se(S03H)o+2TI0H 
=Tl 2 Se+ 2 H 2 S 04 . 

H. 0 . Schulze observed that the aq. soln. of the free monoselenotrithionic acid 
is stable in darkness, but it is slowly decomposed in light with the precipitation of 
selenium, and the evolution of sulphur dioxide. When evaporated on the water- 
bath, a crust of iron-grey selenium forms. A small proportion of selenium does not 
change the soln., but with a large proportion, or with the application of heat, 
selenium and sulphur dioxide are formed : H2SeS206=H2S04+S02+Se ; sul- 
phuric acid decomposes the acid only when hot, or when cone. soln. are used ; the 
acid cannot he neutralized by potassium hydroxide, ammonia, or baryta- water 
without decomposition ; and barium chloride precipitates barium sulphate by the 
decomposition of the acid : BaS 2 Se 06 =BaS 04 +S 02 +Se. The mode of formation, 
the reactions of the acid, and the analysis of the barium salt are in agreement with 
the formula assigned to this acid. B. Bathke said that the free ncid behaves like 
trithionic acid excepting, that a mixture of selenium and sulphur is precipitated 
instead of sulphur alone. G. T. Morgan and J. D. M. Smith found that the mono- 
selenotrithionates give a red precipitate on boiling with hydrogen dioxide ; they 
do not react with even boiling soln. of 4A-H2SO4, or more dil. acid ; red selenium 
separates when boiled with 2 iV'-HCl, or 2iV'-HN03 ; hydrogen sulphide gives a 
yellow precipitate which becomes orange-red on boiling; sodium hyposulphite 
gives a precipitate of red selenium in the cold ; silver nitrate gives a brownish- 
black precipitate ; mercurous nitrate, a greenish-black precipitate ; mercuric 
chloride, a yellow precipitate, becoming orange, then huff, and then black on 
boiling ; stannous chloride, slowly milky, then a pale yellow precipitate is formed, 
becoming orange-yellow and then orange-red on boiling ; and potassium per- 
manganate with 2 ^- 0:2804 is jSrst decolorized, it then turns yellow, then green, 
and finally forms a bronze-green precipitate. 

According to H. 0. Schulze, ammemium monoselenotritMonate, (NE 4 ) 2 S 2 Se 06 , 
is known only in aq. soln., and it is formed by neutralizing a soln. of the acid with 
ammonia. G. T. Morgan and J. D. M. Smith obtained it by double decomposition 
with selemum acetylacetone and ammonium hydrosulphite. It is somewhat 
unstable, and separated as a mass of colourless needles, which rapidly reddened on 
exposure to air. If a soln. of the salt he reprecipitated with alcohol-ether, the 
colourless needles soon acquired a fawn colour. G. T. Morgan and J. D. M. Smith 
prepared iitMam selenotnthionate^ Se(LiS03)2.3B[20, by shaking a mixture of 
7 gnns. of finely divided selenium acetylacetone and 5 grms. of dihydrated lithium 
sulphite with 45 c.c. of 2 N-Bi 2 ^ 0 Q for an hour ; extracting with ether to remove 
acetylacetone ; precipitating unchanged lithium sulphite by adding absolute 
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alcohol ; and concentrating the filtrate under reduced press. The red selenium 
simultaneously precipitated is removed by filtration through a layer of French 
chalk, and the liquid evaporated over sulphuric acid in vacuo. The colourless, 
hesagonal plates rapidly deliquesce in air ; and then decompose vith the separation 
of selenium. The salt is very soluble in water. A mixture of 7 grms. of selenium 
acetylacetone, 9 grms. of sodium hydrosulpMte, and SO c.c. of water furnishes 
colourless crystals of sodium selenotrithionate, NaSeSsOe-iH^O, which can be 
purified by dissolving in cold water, and precipitating from the filtered soln. by the 
addition of alcohol. The colourless, prismatic needles are freely soluble in cold 
water, and readily form supersaturated soln. The salt readily effloresces in a dry 
atm., forming the anhydrous salt. The same salt was made by G. T. Morgan 
and H D. K. Drew. 

According to B. Kathke, potassium monoselenotrithionate, KsSsSeOg, is formed, 
along with some potassium selenothiosulphate and thiosulphate, when selenium 
is dissolved in. an aq. soln. of potassium sulphite ; when a soln. of potassium 
selenothiosulphate and hydrosulphate is evaporated ; by dissolving selenium in a 
soln. of potassium sulphite mixed with a little hydrosulphite, or in hydxosulphite 
alone at 60 °— 70 ° ; and by adding selenious acid to a soln. of potassium selenotbio- 
sulphate mixed with an excess of potassium sulphite — ^the warm liquid deposits 
needle-like crystals of the salt on cooling, and when they are washed with cold 
water, the salt is obtained in a fair degree of purity. B. K-athke represented the 
reaction : 2K2SeS03=K2SeS20^+K2Se ; and 2K2Se+3Se02=2K2Se03+3Se ; 
and H. Schulze ; 3802 + 8002 + 2 H 20 =H 2 S 04 d-H 2 S 2 Se 0 g. 0 . Heuer prepared 
the salt by the action of selenious acid on potassium sulphite, 3K2S03+S€02 
=K2SeS206+K2S04+K20, and 3K2S03+2Se02=K2SeS20e+K2S04+K2Se03. 
When selenious acid acts on potassium thiosulphate, both potassium trithionate 
and selenotrithionate are formed: Se 02 + 4 :K 2 S 203 =K 2 S 40 s+K 2 SeS 406 + 2 K 20 ; 
followed by K2SeS406+6K0H=3E;2S203+2K2S03+2Se+3H20 ; and £28400 
+K2S03==K2S306+K2Se03, as well as : 3K2S0s+Se02+H20=K2SeS20e+K2S04 
+ 2 K 0 H. It is not possible to obtain this salt by neutralizing the free acid with 
bases since on evaporation the salt is all decomposed ; but G. T, Morgan and co- 
workers obtained it by neutralizing a 2 ^ 7 - 80 ^. of monoselenotrithionic acid with a 
soln. of the alkali hydroxide, and precipitating with alcohol; and also from 
selenium acetylacetone and potassium hydrosulphite, as indicated above. The 
precipitate is extracted with ether to remove acetylacetone, and the aq. layer 
mixed with alcohol to complete the deposition of the selenotrithionate. G. T. Morgan 
and H. D. K. Drew said that the potassium salt, Se(KS03)2, appeared in colourless, 
lustroxis scales or plates when rapidly crystallized from aq. soln., and in long, 
transparent, silky needles when slowly formed. It is the least soluble of afi the 
alkah monoselenotrithionates. 0 . Heuer found that when the dry salt is heated 
decomposition sets in at about 115 °, forming selenium, sulphur dioxide, and sulphate : 
K2SeS20e=Se+S02+K2S04. The clear aq. soln. of potassium selenotrithionate 
was found by B. Rathke to decompose on standing partly to selenium and 
potassium ditMonatOi and partly to selenium potassium sulphate, and sulphurons 
acid, the latter is favoured by boiling the soln., or by evaporating it over conc. 
sulphuric acid. 0 , Heuer represented the reaction : K2SeS2O0=K2®O4+SO2+Se. 
With a soln. of the barinm salt, B. Bathke observed that barium sulphate is pre- 
cipitated ; and on evajloration over a water-bath, the salt decomposes : BaS2SeO0 
=:BaS04+S02+Se, A soln. of the potassium salt gives no precipitate when 
treated in the cold with acids, but boiling soln. give a precipitate of selenium and 
sulphur. These reactions agree with those observed by H. 0 . Schulze "mth the free 
acid. Sulphur dioxide has no perceptible action ; and barium cMoride gives^ no 
precipitate ; whilst the reactions with hydrochloric acid, potassium hydroxide, 
and baryta-water resemble those of the free acid. A soln. of the barium salt with 
bromine-water gives a precipitate of barium sulphate. O. Heuer observed that 
in the presence of iodine, potassium selenotrithionate decomposes: £280820 ^ 
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+2H3O+I2— K2S04-rH2S04-rSe— 2HI ; and witn Eydrogen salpKide, it reacts : 
K2SeS206+3H2S~K2B263-rSe-y3S— 3H2O. Tlie reaction wit-ii copper sul- 

phate is represented by: K2SeS206— CUSO4— 2H20==CiiSe— K2SO4— 2IESO4. 
H. O. Scliiike found that- an ammoniaeal soln. of a silver salt reacts : 
'-j-Ag2C^”i~^AH3 AB[20=K2S04-7~Ag2Be-f-(lsB[4)2B04, and similarly 'witn tne foariiiiii 
salt — vide su^m for some general reactions. According to 0, Henery potassium 
selenotritbionate behaves towards metal salts as if a selenothiostilpliate were drst 
formed, and then decomposed either {a) into selenide and sulphate, or (&) into 
selenium, sulphur dioxide, and sulphate. The action of copper, silver, and mercuric 
salts illustrates the first action. In the case of mercurie chloride the reaction is 
represented : 2E2SeS20e-r3HgCl2— 4H20=Hg3Se2Cl2-r^H2S04-:- 4KC1, and this 
is supposed to be the resultant of Kf>SeS^06-T-HgCl2=3gBeS.^0® — 2KCi, followed 
by HgSeS206A-2H20=HgSe-r2H2S64, and by 21 IgSe-rB.gCL=^gsSe.Cl 2 . In 
the case of cadmium sulphate, lead acetate, and ferrous chloride the reactions 
are symbolized : ESeS03-rH2S04=B[2S03-i"Se-rES04. Confer F. Forster, poly- 
thionic acids. 

G. T. Morgan and J. D. M. Smith prepared rabidiiim selenotritMonates 
Se(S03Bb)2, by shaking, as in the case of the sodium salt, a mixture of 1*8 grins, 
of selenium acetyiacetone, 3*6 grms. of rubidium hydrosulphite, and 10 c.c. of water. 
The small, colourless crystals are dissolved in cold water and precipitated by 
alcohol. The well-defined, colourless prisms are more soluble in water than the 
potassium salt, and less soluble than the sodium and csesium salts. Similariy, 
csesiom selenotritliioiiate, Se(S03Cs)2, can be prepared. It crystallizes from hot, 
dil. alcohol in colourless needles, and firom water, in transparent, tabular prisms. 

H. O. Schulze observed that if the acid be neutralized with freshly precipitated, 
well-washed barium carbonate, a mixture of barium sulphate and carbonate 
coloured by selenium is precipitated, and the pale yeUow, neutral filtrate is a soln. 
of barium mOEOselenotntMonatej BaSeS206, free kom other salts. G. T. Moigan 
and J. D. M. Smith obtained the dihydrate, BaSe(S03)2.2H20, from 9 grms. of 
barium sulphate, 7 grms. of selenium acetyiacetone, and 20 c.c. of 3*3A'-H2S03. 
The heavy, colourless, crystalline mass can be purified by dissolving in water and 
precipitating with alcohol. The colourless needles redden on exposure to air. 
The corresponding calcium selenotrithioiiate is so soluble in water and alcohol that 
it was not precipitated by ether from these soln. For mercuric selenotritMonate, 
HgSeS20g, ride sujpra. 

H. O. Schulze obtained an aq. soln. of diselenotritbionic add, H2Se2S0s, as 
indicated above ; and it is rather less stable than is the case with monoselenotri- 
thionic acid. The aq. soln. of the acid is decomposed by boiling or by exposure 
to light ; and to a far less degree when kept in the dark. As in the case of mono- 
selenotrithionic acid, the diselenotrithionic acid is decomposed by acids and 
alkalies, but it can be neutralized by barium carbonate without any marked 
decomposition. The preparation of the barium salt is more difficult than is the 
case. with the monoselenotrithionic acid because the excess of selenious acid is not 
completely abstracted by barimn carbonate: The soln. of the barium salt slowly 
decomposes in darkness, and when boiled or evaporated deposits eelemum and 
barium sulphate ; it is also decomposed by hydrochloric acid ; an “ammoniacal 
soln. of a Sliver salt gives a black precipitate of barium sulphate and silver selenide, 
and the filtrate gives a precipitate — ^probably of barium selenate — ^when treated 
with barium chloride. 

J. F. Norris and H. Fay ® showed that the reaction between selenium dioxide 
and sodium thiosulphate probably occurs : Se02+4Na2S203=2Na2S406+Be 

-}~2Na20, in cone, soln., selenium is precipitated, and the soln. becomes alkaline ; 
but in dil. soln., no selenium is precipitated, and the reaction is not complete 
according to this equation owing to the sodium hydroxide formed neutralizing 
part of the selenious acid which does not therefore enter into reaction. In the 
presence of hydrochloric acid, the reaction which occurs is Se02-r4Na2S203-f-4HCi 



SELEOTUM 


929 


=]sra 2 S 4 Se 0 g-f-Na 2 S 40 g+ 41 SraCi 4 - 2 H 20 . No selemam is precipitated, biit soiiiliiil 
monoselciiopciltatllioJiates N'a 2 S 4 Se 0 e, is formed whicb., aitbougli it cannot be 
isolated, gives tlie cbaracteristic tests for pentatbionates, witli the difference that 
selenium, not sulphur, is precipitated ; a dil. soln. of the salt can be boiled without 
change, but stannous chloride precipitates selenium in a few minutes ; sodium 
thiosulphate effects the same result, but more slowly. The sodium tetrathionate, 
formed according to the equation, was isolated and identified. No other salt has 
been prepared. 0 . Heuer’s theory of the reaction between selenious acid and 
potassium thiosulphate is indicated above. He showed that potassium tetra- 
thionate and seienopentathionate are formed, and that with the aid of alcohol 
in the cold it is possible to isolate these two salts ; and the reaction 
can be expressed: 38 e 02 + 4 K 2 S 203 =KoS 406 +K 9 SeS 406 + 2 KoSe 03 ; followed 
by 2 K 2 SeS 406 -f 6K0H=3K2S203+2K2S03+2Se+3X0 P by XS4O6+E2SO3 
=£28306+^28203 ; and by K2S306+Se=K2S3Se06. Potassium tetrathionate as 
well as potassium selenotetrathionate, £2808306, is precipitated when a cone, 
soln. of selenious acid is m ixed with a cone. soln. of potassium thiosulphate. 
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§ 18. Selenatosulphates and Sulphatosel^Qates 

E . von Gerichten ^ prepared a series of selenatosulphates^ and a series of sulphatG- 
selenates» but there is little to distinguish one from the other; and no proof has been 
given that both series are not solid soln. or isomorphous mixed crystals. ^ The salts 
are isomorphous with the corresponding selenates and sulphates. By mixing cone, 
soln. of potassium selenate and copper sulphate, potassium copper selenatosulphate, 
£28004. CuSO^.fiHgO, is formed ; if the soln. of copper sulphate is acidified, part of 
the potassium selenate may be replaced by the sulphate. Similarly, potassium 
copper sulphatoselenate, ]^S04.CuSe04.6H20, was formed in light blue, mono- 
clinic crystals. The potassium sulphate may be in part replaced by selenate. 
Similarly with potassium magnesium selenatosulphates K2SeO4.MgSO4.6H2O, and 
VOL. X. 3 0 
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potassium magnesium sulphatoselenate, K2S043IgSe04.6H20 : witL potassium 
zme seienatosnlpliate, H2SeO4.ZnSO4.6H2O, and potesium zinc sulpliatoseieiiatef 
K2SO4.ZnSeO4.6H2O ; with potassium cadmium seienatosulpliate, K2Se04.CdS04. 
6H2O, and potassium cadmium sulphatoseienate, K2SO4.CdSeO4.6H2O ; with 
potassium manganese selenatosulpliate, K2SeO4.MnSb4.6H2O, and potassium 
manganese sulpliatoselenate, K2SO4.3inSe64.6H2O ; with '^potamum ferrous 
selenatosulpliate, K2SeO4.FeSO4.6H2O, and potassium ferrous sulphatoselenate, 
K2S04,FeSe04.6H20 ; with potassium cobaltous selenatosulpliate, K2Se04.CoS04. 
6H2O, and pota^um cobaltous sulphatoselenate, K2S04.CoSe04^6H20 ; and 
with potassium nickel selenatosulpliate, K2SeO4.KiSb4.6H2O, and pota^um 
nickel sulplmtoselenate, K2SO4.KiSeO4.6H2O. 

E. von Crerichten prepared potassium aluminium selenatosulpliate, K2Se04. 
Al2(S04)3.24H20, in octahedral crystals from a soln. of the component salts ; and 
likewise also with potassium aluminium sulphatoselenate, K2S04.Ai2(Se04)3.24H20. 
O. Pettersson found that with a soln. of equimolar parts of potash selenium alum, 
and potash-almn, crystals containing respectively 31*33 and 23*32 per cent, of SO3 
were obtained : and with soln. containing 3 mols of potash selenium alum, and one 
mol of potash-alum, crystals containing respectively 13*48, 11*42, and 9*49 per 
cent, of SO3 were obtained. The correspondmg sp. gr. are : 

SO 3 . . 31-33 23-82 13-48 11-42 9*49 per cent. 

Sp. gr. . 1-77 1*825 (14-2<^) 1-900 (16°) 1-910 (17-6®) 1-921 (138®) 

This shows that the magnitude of the mol. voL rises and falls with the greater 
or less proportion of selenic acid in the compound. E. von Gferichten similarly 
prepared potassium chromium selenatosulphate, K2SeO4.Cr2(SO4)3-24H20, and 
potassium chromium suiphatoseleuate, K2S04.Cr2(Se04)3.24H20 ; potai^um 
mangauie selenatosulphate, K2Se04.Mn2{S04)3.24H26, and potassium manganic 
sulphatoselenate, K2S04.MB2(Se04)3.24H20 ; and potassium feme selenato- 
sulphate, KoS04.Fe2(S04)3.24H90, and potassium ferric sulphatoselenate, K.>S04. 
Fe2(Se04)3.24H20. 

J. Meyer and K. Grohler prepared cobaltic agLUOselenatotetramminosuIphate, 
[Co(NH3)"4(H20)(Se04]]2S04.4H20 ; and cobaltic a^uosulphatotetramminoselenate, 
[Co(KHs)4(H20)(S04)]2Se04.4H20. J. Meyer and co-workers also prepared (^baltic 
/t-anudo^p^^t^tamminohydibselenate, 

|^(NH3)4Co<|*^_^>Co(NH3)4]se04(HSe04) 
and ^baltie /x-amidoselenatotetramminohydrosulphate 


[(SH 3 ) 4 Co<^*>Co(NH 3 ) 4 ]s 04 (HS 04 ) 

K. Hradeckj 2 prepared ammonium palladous sulphatoselenate — vide supra. 
paliadous selenate. 

RErEEEKOES. 

^ B. Ton Gerichten, Lid>ig'a Ann., 168. 225, 1873 ; O. Pettersson, Bet., 9. 1676, 1876 ; 
J. Meyer and K. GroMer, Z&it. anorg. Ghem,, 155. 91, 1926 ; J. Meyer, G. Birska, and F. ClemenR, 
ib., 139. 333, 1924. 

« K. Hradeoky, Monatsh,, 36. 289, 1915. 


§ 19 * Sdmophosphites and Selenophosphates 

The sdenium phosphides have been discussed in connection with the phosphorus 
sdmUes. Seiemum can take the place of srdphur in the thiophosphates, farming 
a series of seUnophmphates. O. Haim^ prepared potas^um ^enophospMde 
K— .p=:Se, by heating a mixture of equimolar parts of phosphorus seienide and 
potassium seknide, while protected from moisture, and in a current of hydrogen* 
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The red mixture becomes nearly white ; if heated too strongly, the compound is 
decomposed. If it be not cooled in hydrogen, it will inflame in air. If a higher 
proportion of potassium selenide be employed, the excess remains imcoinhined. 
T. E. Thorpe and A. E. H. Tutton prepared phosphorus sulphoxide, P^S^Oe, by the 
action of sulphur on phosphorous oxide, and added that selenium appears to form, a 
crystalline compound with phosphorous oxide, possibl}^ phosphorus selenoxide, 
similar to the sulphoxide, but owing to the fact that the phosphorous oxide is 
largely decomposed at the temp, of the reaction, the sublimed substance is mixed 
with the products of the decomposition. 

W. Muthmann and A. Clever obtained potassium hydroselenophosphite, 
K2HPSe3.2|H20, by the action of potassium hydroxide on phosphorus penta- 
selenide ; or better, by gradually adding powdered phosphorus triseleiiide to a 
cold cone. soln. of potassium hydroxide, cautiously warming the mixture at 75 ^- 78 ^ 
until soln. takes place, and aUowing the filtered liquid to crystallize in a freezing 
mixture ; if the mixture is heated above 80 ® complete decomposition takes place 
and hydrogen selenide is evolved. The selenophosphite crystallizes in highly 
lustrous octahedra-like forms, which do not, however, belong to the regular system 
as they show double refraction ; it gradually decomposes in moist air with, separa- 
tion of selenium and hydrogen selenide : when heated, it gives ofl water vapour and 
hydrogen selenide, while selenium, and then selenium dioxide, sublime, leaving a 
residue of phosphate. It is sparingly soluble in cold water, easily so in hot water, 
and can be recrystallized from a cone. soln. of potassium hydroxide. The aq. soln. 
is neutral and pale yellow. With dil. acids, it yields hydrogen selenide, and selenium 
is gradually precipitated. Lead and silver salts give brownish, amorphous pre- 
cipitates which gradually darken, and the supernatant soln. then contains phos- 
phoric acid. Barium salts give a yellow, amorphous precipitate which quickly 
turns red. 0 . Hahn obtained potassium selenodiphospMte, 2K2Se.P2Se3, or 
K4P2Se5, by heating a mixture of 2 mols of potassium selenide and a mol of phos- 
phorus tri selenide ; and W. Muthmann and A. Clever prepared potassium tri- 
selenodithiophosphite, 2K2S.P2Se3.5H2O, or K4PSe3S2.5H20, by the action of 
potassium sulphide on the triselenide ; it forms small, colourless, doubly-refractive 
crystals having an octahedral habit and an adamantine lustre, and is decomposed 
at about 80 ® with evolution of hydrogen sulphide and selenide. The aq, soln. is 
colourless, and when treated with acids yields hydrogen sulphide and selenide, 
whilst a reddish-brown compound mixed with sulphur is precipitated. When 
treated with salts of the heavy metals, it yields dark, amorphous precipitates. 
These compounds give well-crystallized products with an ammoniacal soln. of a 
magnesium salt. 

F, Ephraim and E. Majler said that the selenophosphates of the alkali and 
alkaline earth metals, and magnesium can he prepared by the action of phosphorus 
pentaselenide on aq. soln. of the respective metals : 3R2Se+P2Se5~2R3PSe4 ; but 
in no case could the solid tetraselenophosphate be isolated because it is immediately 
decomposed by water : R3PSe4+H20==H2Se-i-R3P0Se3 ; the decomposition in 
some cases may proceed further, forming di- or tri-oxyselenophosphates ; and 
intermediate* products may be obtained as isomorphous mixtures of different 
oxyselenophosphates — e.g. greenish-yellow octahedra with the composition 
K3PSe2.50i.5.H20, were obtained from a sat. soln. of potassiuffi hydroselenide 
and phosphorus pentaselenide. The compounds crystallized from a soln. rich in 
hydrogen selenide contain a larger proportion of selenium than when precipitated 
by alcohol. The oxyselenophosphates can be obtained from the metal hydroxide, 
and phosphorus pentaselenide ; but, even in the presence of an excess of alkali, 
the normal salts sometimes hydrolyze with the formation of the monohydro-salts, 
as conditioned by the relative solubilities of the two salts in the mother-liquor. 
When dissolved in water, particularly hot water, all the compounds are hydrolyzed : 
R3PSe4-h4:H20=E3P0-biH2Se. The mother-hquors quickly oxidize on exposure 
to air,* becoming red, and depositing selenium. The solid salts are fairly stable in 
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dxy air. Normal salts were obtained with the alkali metals ; the atkaiine earth 
metals furnisli monohydxo-salts. 

W. Miithmann and A. Clever obtained sodium oxytriselenopliospliatea 
Na3RSe30.10H20j by the action of phosphorus triselenide on sodiuro. hydroxide. 
It crystallizes from a cone soln. of sodium hydroxide in pale green^ doubly-refracting 
prisms. The aq. soln. quickly decomposes ; with acids, it yields hydrogen selenide 
and a brotvn precipitate containing selenium. When heated in a tube, it yields a 
sublimate of selenium, and a phosphate. It gives a well-crystallized compound 
with ammoniacal magnesia mixture. F. Ephraim and E. Majier prepared ammoniiim 
oxytriseleBophosphate, (NHAsFSegO.lOHo^j leahets, from a warm soln. of 
phosphorus pentaselenide and a sat. soln. of hydrogen selenide in cone, ammonia. 
The cold mother-liquor deposits octahedra and four-sided leaflets of 
{NH4)5H(PSe50)2.18H20. Sumlarly there was obtained greenish-yellow, octa- 
hedral crystals of potassium oxykiselenophosphate in isomorphous association 
with a lower selenophosphate because the ultimate composition was E3PSe2. 502.5. 
H2O. For the corresponding calcium salt, vide infra. 

F. Ephraim and B. Majier prepared baritun hydrodioxydiselenophosplmte, 
BaHPSe 202 - 14 H 20 ,- as a miciocrystalline powder, by treating phosphorus penta- 
selenide either with a soln. of barium hydroxide, or with a sat. soln. of hydrogen 
selenide in bar37ta-water. "When 2 grms. of strontium hydroxide in aq. soLn. are 
treated with 3 grms. of phosphorus pentaselenide, and the fitrate from the deposited 
selenium treated with alcohol, a light yellow precipitate is formed of strontium 
liydrodioxydiselenophosphate in isomorphous association with the trioxyseleno- 
phosphate, since the composition is SrBPSe2/30i/23.7H20 ; with a larger excess of 
the pentaselenide, the colourless crystals have the composition SrHPSe4/308/3.8H20, 
which may be 2BrHPSe03+SrHPSe2024-24H20. With calcium hydroxide, and 
the smaller proportion of phosphorus pentaselenide, there is formed c^cium liydro- 
dioxydiselenophosphate in an amorphous association with calcium hydrotrioxy- 
selenophospliate, CaHPSe03.8H20, which is produced when the larger proportion 
of phosphorus pentaselenide is used. An impure magnesium hydrodioxydiseleno- 
phosphate was also prepared by F. Ephraim and B. Majier. 

F. Ephraim and E. Majier prepared sodium trioxyselenophosphate, NagPSeOs. 
2OH2O, by digesting a cone. soln. of sodium hydroxide with phosphorus penta- 
selenide. The same substance was obtained when sodium hydroselenide was used 
in the place of sodium hydroxide. It crystallizes in needles. C. Grossmann pre- 
pared a number of derivatives of this acid — e.£f. phenyl trioxyselenophosphate : 

/OGeH, 

Se=P— 

R. F. WYinland and G. Barttlingck prepared potassium pentaselenatodiphos- 
phate, 3‘5K20.5Se03.p205.5*5H20, from a soln. of selenic acid, phosphoric acid, 
and potassium hydroxide in the molar proportions 1 ; 4 : 1 . The rod-like crystals 
are stable in air and do not ef&oresce over sulphuric acid. They are :^eely soluble 
in water. If the soln. has the above components in the proportion 1 : 2 : 2 , colour- 
less plates of potassium seienatophosplmte, 2K20.2Se03.P2^6«^B^£^3 formed. 
They do not effloresce over sulphuric acid. Likewise also with ruMdium seleuato- 
phospliate, 2Ilb20.2Se03 P2O5.3H2O ; and ammonium selenatophospliate, 
2 {NH 4 } 20 . 2 Se 03 .P 206 . 3 H 20 . 

Bevebences. 

^ O. Hahn, Joum» prakt Chem., {!}, 93. 432, 1864 ; W. MuthmamL and A. Clever, Zeit. anorg. 
Chem.f 13. 101, 1897 ; A. Clever, Ziur K&nMnus der Verbmduwgm des Seterbs mit Arsesi nnd 
Phosphor^ Miinehffli, 1896 ; T. B. Thorpe and A. E. H. Tutton, Joum. Ohem. Boc., 59. 1019, 
1891 ; B. F. Weinknd and G. Barttlingch, Fen, 36, 1402, 1903 ; P- Ephraim and E. Majier, 

43. 277, 1910 ; C. Grossmann, Heter SulphophQSpkme und Derivede der Bulfo'- und Selerw- 
pImsphoraamre» Marhmg, 1915, 
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Acid sulfureux, 187 
Acide hydrosulfureux, 485 

hyposulphurique, 576 

suHurique, 187 

Acidum fixuin, 186 

volatile, 186 

Aguilarite, 694, 773, 919 
Alkali sulphites, 255 
Alkaline earth sulphites, 282 
Allotropy, enantiotropic, 25 
Aluminium ammonium dithionate, 593 

selenate, 869 

caesium selenate, 869 

disulphotrichloride, 643 

dithionate, 593 

hexaselenite, 830 

hexasulphoheptachloride, 643 

hydroselenite, 829 

monohydrate, 830 

octohydroxytrisulphite, 301 

octosulphoheptachloride, 643 

potassium selenate, 869 

selenatosulphate, 930 

sulphatoselenate, 930 

rubidium selenate, 869 

selenate, 869 

selenide, 781 

selenite, 829 

trihydrate, 829 

sodium selenate, 869 

sulphite, 301 

sulphodecachloride 647 

sulphoheptachloride, 647 

sulphopentachloride, 643 

sulphuryl chloride, 231, 673 

sulphuryl trichloride, 691 

tetrahydroxysulphite, 301 

tetraselenite, 829 

tetrasulphoheptachloride, 643 

tetrasulphotrichloride, 643 

tetratritaselenide, 781 

thallous selenate, 871 

thiosulphate, 649 

trioxyenneaselenite, 829 

heptahydrate, 829 

trisulphotrichloride, 643 

trithionate, 609 

Ammonium aluminium dithionate, 593 

■ — ~ selenate, 869 

aurosic tetrasulphite, 280 

- — aurous sulphite, 280 

triamminodisulphite, 280 

— — barium cohaltic octamminohexasul- 
phite, 315 


Ammonium beryllium trisulpbite, 285 

bismuth decasulphodithiosulphate, 552 

thiosulphate, 554 

bromopyroselenite, 913 

cadmium ditliionate, 593 

dithiosulphate, 546 

persulphate, 479 

selenate, 867 

dihydrate, 867 

hexahydrate, 867 

sulphite, 287 

tetrathiosulphate, 547 

monohydrated, 547 

caesium ci^-disulphitotetramminoco- 

baltate, 317 

cerous sulphite, 302 

chlorodithionate, 583 

chloropyroselenite, 913 

chloropyrosulphonate, 681 

chromic selenate, 876 

cobalt dithionate, 597 

persulphate, 480 

cohaltic tetramminodisulphite, 315 

tetramminotrisulphite, 315 

cohaltous disulphite, 313 

hexamminoselenate, 885 

hexasulpMtocobaltate, 315 

selenate, 883 

trisulphite, 313 

copper dithionate, 587 

selenate, 859 

cuprosic sulphite, 278 

hemitridecahydrate, 278 

pentahydrate, 278 

— — cuprous cyanidothiosulphate, 533 

dihromotetrathiosulphate, 533 

dichlorotetrathiosulphate, 533 

diiodotetrathiosulphate, 533 * 

dithiocyanatotetrasulphate, 533 

pentathlosulphate, 530 

sulphite, 274 

(dodec)ammonium (di)cuprous sulphite, 
275 

(hept)ammonixtm cuprous tetrasulphite, 
275 

thiocyanatothiosulphate, 533 

thiosulphate, 530 

(di)ammonium (tetra)cuprous trisulphite, 
275 

{pent)aminonium cuprous trisulpMte, 275 
(tetr)ammonium (di)cuprous trisu^hite, 
275 

trithiosulphate, 530 

decahydropentaselenitod ode ca vana- 
date, 835 

decamolybdatosulphite, 307 

difluodithionate, 599 
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Amiiionium diliydrotetraseIen£tohexa%'ana- ’ 
date, 8S5 

dihydrotriselenite, 821 

diiodothiobiilphate, 533 

diosydiselenotmigsTate, T98 

diselenitoctomolybdate, 837 

hexahydrate, 837 ' > 

pentahj’drate, 837 

diseieiutodecamolybdate, SS6 

diseiemtododecaniolybdate, 837 

diseienitopentamolybdate. 837 

trans-disuipHtodiamiiiiiiocobaitate, i 

318 

^rans-disulpliitodietbylenediammino- 

eobaltate, 318 

aSrana-disulpbitodipropylenediainine- 

eobaltate, 318 

cfa-disTiIphitoetbylenediamine, 318 

jfran^-disulphitoetbyleiiediainme, 318 

i:ia-disiilphitotetraiiimmocobaltate,31 7 

/ran^-disuIpMtotetraimiiiiiocobaltate, 

317 

ditbionate, 582 

diiiranyi t3risiilpbite, 308 

enneaby drododecaselenit obexavana- 

date, 835 

ferrisiaiphatosulpbite, 313 

ferrous ditbionate, 597 

persulphate, 480 

selenate, 880 

sulphite, 312 

fluobydroxyselenate, 903 

fluosulpbonate, 685 

bexabromoselenate, 901 

liexaseienitobexamolybdate, 837 

bexavanadyl tetrasulpMte, 305 

bydrob^’posulpbite, 181 

hydroselenate, 854 

bydroselenatourauate, 877 

hydroselemde, 765 

bydroselenite, 820 

bydrosulphite, 259 

hyposulphite, ISO 

iodosulpbouate, 689 

iridimn hexacHorodiiydrosulpbite, 

324 

trisulphite, 324 

lanthanum selenate, 872 

sulphite, 302 

lead tritbiosulpbate, 551 

bthium cis-disidpMtotetranaimnoco- 

foaltat©, 317 

magn^mn persulphate, 479 

selenate, 863 

sulphite, 285 

thiosulphate, 545 

nmngani^ dithionate, 596 

manganoos selenate, 878 

sulpMte, 311 

mercuric bromosoIpMte, 296 

cHorosuIphite, 292, 296 

hydroxy^phite, 292 

pentathiosulphate, 548 

sulphite, 292, 294 

mercurous diamimnopersnlphate, 480 

monoselenotrithionate, 926 

nickel dithionate, 598 

persulphate, 480 

selenate, 887 

sulphite, 319 


Ammonium oetomolybdatodisulpliite, 307 

oetosulphate, 447 

oxj'triselenophcsphare, 932 

palladious selenate, 890 

palladous sulphatoselenate, 930 

pentahyarododecaselenito hexavana- 

date, 835 

pentamolybdatodisulphite, 307 

persulphate, 475 

pLatinoiis cis-ammoiuumcMorosiiIph 

cta-chloroamroinosulphit odiam > 

minosulphite, 321 

ehlorodisulphite, 323 

diehlorodisulphite, 323 

disulphite, 322 

cz^-suipMtodiamminosuIphite, 

321 

trans - sulphitodiamminosulph it e, 

320 

tetrasulphite 322 

trihydrate, 322 

trichlorohydrosulphite, 323 

potassium decamolybdatotrisulphite, 

307 

platinous ehlorodisulphite, 323 

sulphite. 270 

trichlorosuiphite, 323 

triselenitodeeamolybdate, 836 

pyrosulphate, 445 

pyrosuiphite, 327 

samarium selenate, 872 

scandium sulphite, 302 

selenate. 853 

selenatoaluminate, 869 

selenatoarsenate, 875 

seienatochrom^te, 876 

selenatomonoiodate, 914 

selenatophosphate, 932 

selenatosulphate, 925 

se%natotri:odate, 914 

selenide, 765 

selenite, 820 

monohydrate, 820 

selenitometavanadate^ 835 

tritahydrate, 835 

selenitomolybdate, 837 

selenito-tungstate, 837 

seienomolybdate, 797 

selenosulphostannate, 921 

silver ch'*orosulphite, 280 

decahydropentaselenitododeea- 

vanadate, 835 

— — dibromotetrathiosulphate, 540 

dichlorotetratMosulphate, 539 

diiodotetrathiosul^hate, 540 

heptasulphite, 280 

heptathiosulphate, 536 

sulphite, 280 

tetxahydroenneasulphite, 280 

thiosulphate, 536 

trithio^phate, 536 

sodium cuprous hexaanmmoctothio- 

sulphate, 533 

hydrosulphite, 270 

sulphite, 255 

monohydrate, 255 

sulphury Ibromide, 689 

sulphurylchloride, 689 

sulphury Initrate, 689 
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Ammonium sulphury Ithiocyanate, 689 
tellurium sulphite, 306 

■ tetraiodothiosulphate, 533 

tetraselenotungstate, 798 

tetrathionate, 617 

tetrauranyl pentasulphite, 308 

thiosulphate, 514 

trihydroselemte, 821 

■ trihydrotetraselenitohexavanadate, 

835 

triselenitodecamolybdate, 836 

trisulphitotriamminocobaltate, 318 

trithionate, 607 

triuranyl disulphite, 308 

trivanadyl disulphite, 305 

uranyl disulphite, 308 

hydroxy sulphite, 308 

selenate, 877 

selenite, 838 

vanadyl disulphite, 305 

zinc dithionate, 592 

hyposulphite, 183 

persulphate, 479 

selenate, 865 

sulphite, 286 

thiosulphate, 546 

Anhydrosuiphatochlorine monoxide, 682 
Anthion, 465 

Antimonious barium thiosulphate, 553 

calcium thiosulphate, 553 

potassium thiosulphate, 553 

sodium thiosulphate, 553 

strontium thiosulphate, 553 

thallous thiosulphate, 553 

Antimony disulphoselenide, 921 

monoselenide, 794 

oxyselenide, 780 

oxyselenite, 834 

pentaselenide, 794 

selenate, 875 

selenium dioxyenueachloride, 906 

sulphite, 304 

sulphoenneachloride, 647 

tetraselenite, 834 

tetritapentaselenide, 794 

triselenide, 793 

trisulphodiselenide, 921 

tritatetraselenide, 794 

Aquodisulphitotriamminocobaltic acid, 318 
Aquosulphitotetrammines, 316 
Arsenic diselenide, 792 

disxilphoselenide, 921 

disulphotricelenide, 921 

hemiselenide, 791 

in sulphuric acid, 370 

pentaselenide, 792 

sulphodiselenide, 921 

sulphohexafluotetrachloride, 647 

thiosulphate, 552 

triselenide, 792 

trisulphodiselenide, 921 

trisulphohexaiodide, 655 

Arsenious barium thiosulphate, 552 

potassium thiosulphate, 553 

sodium hyposulphite, 183 

thiosulphate, 552 

j thallous thiosulphate, 553 

Auric potassium octosulphite, 281 

~ tetramminohexasulphite, 281 

' selenide, 774 


Auric sodium sulphite, 281 

tetramminosulphite, 281 

Aurosic ammonium tetrasulphite, 280 

sulphite, 280 

triammmodisulphite, 280 

barium sulphite, 280, 284 

potassium disulphite, 280 

selenide, 774 

sodium disulphite, 280 

dithiosulphate, 540 

dihydrate, 541 

pentahydrate, 541 

heptathiosulphate, 541 

thiosulphate, 540 

Azufre, 1 


B 

Barium ammonium cobaltic octammino- 
hexasulphite, 315 

antimonious thiosulphate, 553 

arsenious thiosulphate, 552 

aurous sulphite, 280, 284 

bismuth thiosulphate, 554 

cadmium tetrathiosulphate, 547 

tnthiosulphate, 547 

chlorodithionate, 590 

chromatoselenate, 876 

cobaltic octamminohexasulphite, 315 

cuprous trithiosulphate, 545 

heptahydrate, 545 

tetrahydrate, 545 

decamolyhdatotrisulphite, 307 

dichlorothiosulphate, 544 

diselenitoctomolybdate, 837 

diselenitopentamolybdate, 837 

heptahydrate, 837 

disulphitotetramminocobaltate, 317 

disulphuryliooide, 691 

dithionate, 589 

dihydrate, 689 

= — tetrahydratey^ 589 

enneathionate, 629 

fluosulphonate, 685 

gold thiosulphate, 545 

hexasulphitodioobaltate, 315 

hydrodioxydiselenophosphate, 932 

hydroselenite, 825 

lead thiosrilphate, 552 

magnesium dithionate, 592 

mercuric sulphite, 300 

monoselenotrithionate, 928 

dihydrate, 928 

osmic sulphide, 324 

pentamolybdatodisulphite, 307 

pentathionate, 627 

persulphate, 478 

monohydrate, 479 

tetrahydrate, 479 

platinous cw-sulphitodianmainosul- 

phite, 321 

^ranij-sulphitodiaminmosulphite, 

321 

polyselenide, 775 

pyroselenite, 825 

pyrosulphate, 447 

ruhidium ditliionate, 591 

I ^selenate, 862 
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Barium seienatotrisuiphate, 925 

selenide, 774 

selenite, 825 

monohydrate, 825 

seienitomoh’bdate, 837 

silver tritMosulpliate, 545 

sodium ditMonate, 591 

suIpMte, 283 

tetrasTilpiiuryliodide, 691 

tetrathionate, 618 

thallous dithionates, 594 

tliiosulpliate, 544 

monohydrate, 544 

triselenitodecamolybdate, 836 

trithionate, 609 

Benzene sulphinic acid, 239 
Beryllium ammonium sulphite, 285 

heptaselenite, 826 

hexahydroxydithionate, 591 

hydroseienite, 825 

octohydroxj’disuipliite, 285 

osyselenites, 825 

oxysulphite, 284 

oxjdrisulphite, 2 84 

pentaselenite, 825 

potassium trisuiphite, 285 

selenate, 863 

selenide, 775 

selenite, 825 

sulphite, 284 

thiosulphate, 545 

triselemte, 826 

BerzeJianite, 694, 769 
Berzeline, 769 
Bismuth ammonium decasulphodithiosul- 
phate, 552 

thiosulphate, 554 

barium thiosulphate, 554: 

caesium thiosulphate, 554 

copper thiosulphate, 554 

dihydrotetraselenite, 834 

ditfiionate, 595 

hemiselenide, 795 

Jiexasulphitodeeobaltate, 315 

hj'droxysulpliite, 305 

lead sulphoseienides, 921 

monoseienide, 794 

potassium thiosulphate, 554 

rubidfum thiosulphate, 554 

selenate, 875 

selenite, 834 

silver tMosulphate, 554 

sodium thiosulphate, 553 

— ^ — strontium thiosulphate, 554 

sulphite, 305 

thallous thiosulphate, 554 

— ^ — thiosulphate, 552 

triselenide, 795 

trithionate, 609 

Bhsmuthyl ditMonate, 595 ^ 

heptahydroxydecasulphite, 305 

hydroxydeca^pMt©, 305 

hydbroxjpentasulphite, 305 

oxj'^ditMonate, 595 

sulphite, 305 

— trihydmxypentasulphite, 305 

trihydmxytetrasulphite, 305 

BiS'Stilphuric acid, 359 
Boron 'tetrifcaseleiiide, 780 
triSnodihydrosulphide, 139 


Boron triduotetradecahydrosulphide, 139 

triselemde, 780 

Brimstone, 1 

Bromosulphonic acids, 689 
BrownisL-red SQ'iiurn rhodium suIpMte, 326 
Bumping iboilmg aeid^, 36S 
Bytrumn, 3 


C 

Caeheutaite, 77 L 788 
Cadmium amminoselenite, 827 

amminosulpbit e, 287 

■ ammonium ditMonate, 593 

dithiosulphate, 546 

, persulphate, 479 

, selenate, 867 

j dihydrate, 867 

I hexahydrate, 867 

I sulphite, 287 

; tetrathiosulphate, 547 

j monohydrated, 547 

I barium tetrathiosulphate, 547 

trithiosuiphate, 547 

cfssium selenate, 868 

calcium tMosulphate, 547 

dihydro triselenide, 827 

monohydrate, 827 

disMphitotetraminmocobaitate, 317 

hexaimrdnopersulphate, 479 

hydrazinohydrosulphite, 287 

hydrazinosulpMte, 287 

potassium octothiosulphate, 547 

persulphate, 479 

selenate, 868 

hexahydrate, 868 

selenatosulphate, 930 

sulphatoselenate, 930 

sulphite, 287 

tetrathiosulphate, 547 

pyridinopersulphate, 479 

pyroselenite, 827 

rubidium selenate, 868 

selenate, 867 

selenatothiosulphate, 925 

selenide, 777 

selenite, 827 

hemitrihydrate, 827 

sodium dithiosuiphate, 547 

hyposulphite, 1 83 

persulphate, 479 

sulphite, 287 

strontium tetratMosulphate, 547 

sulphite, 287 

dihydrate, 287 

hemitrihydrate, 287 

trihydrate, 287 

suiphoselenid^, 919 

sulphuryl bromide, 689 

chloride, 689 

iodide, 6^9 

■ — nitrate, 689 

thiocyanate, 689 

tetramminodithionatc, 592 

tetrapyridinotetratMonate, 619 

tetrathionate, 619 

tliallous sulphite, 302 

^ tMosulphate, 546 

trisodium tetrathiosulphate, 547 
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Cadmium trisodium tetrathiosulphato 
hexaliydrate, 547 

__ — trihydrated, 547 

Csesium aluminium selenato, 869 

ammonium c^^-disulphitotetrammino- 

cobaltate, 317 

bismuth thiosulphate, 554 

— cadmium selenat©, 868 

chromic selenat©, 876 

cobalt selenat©, 885 

copper selenat©, 860 

— — cuprous dithiosulphate, 536 

dithionate, 586 

hemihydrate, 586 

divanadyl tetrasulphite, 305 

— -- ferric selenate, 882 

ferrous selenat©, 881 

fluosulphonate, 685 

gallium selenate, 870 

hexabromoselenate, 901 

hydroselenate, 857 

hydroselenite, 823 

hydrosulphite, 270 

hydroxyfiuodithionate, 599 

hyposulphite, 182 

lead dithiosulphate, 552 

trithiosulphate, 562 

magnesium selenate, 864 

thiosulphate, 545 

— manganous selenate, 879 

nickel selenate, 889 

octosulphate, 448 

pentamolybdatodisulphxte, 307 

persulphate, 477 

pyrosulphate, 446 

selenate, 857 

selenat oalumin ate, 869 

selenatochromate, 876 

selenat of errato, 882 

selenite, 823 

selenosulphate, 925 

selenotrithionate, 928 

silver trithiosulphate, 539 

sulphite, 270 

tetrasulphuryliodide, 691 

tetrathionate, 618 

thiosulphate, 529 

trihydrodiselenite, 823 

trisulphuryliodide, 690 

trithionate, 608 

zinc selenate, 867 

Calcaroni, 14 

Calcium antimonious thiosulphate, 553 

cadmium thiosxilphate, 547 

cuprous thiosulphate, 544 

dithionate, 588, 592 

hexasulphitodicobaltate, 315 

hydrodioxydiselenophosphate, 932 

hydrohyposulphite, 183 

hydroselenide, 775 

hydxoselenit©, 825 

monohydrate, 825 

hydrosulphite, 283 

hydrotrioxyselenophosphate, 932 

hyposulphite, 182 

— homitrihydrate, 182 

lead trithiosulphate, 

mercuric thiosulphate, 549 

oxypentasulphite, 283 

— — persulphate, 478 


Calcium polyselenide, 775 

potassium selenate, 862 

thiosulphate, 544 

pyrosulphate, 446 

selenate, 861 

dihydrate, 861 

hemihydrate, 862 

hemitrihydrate, 862 

selenide, 774 

selenite, 825 

tritatetrahydrate, 825 

selenium trioxyoctochloride, 910 

selenotrithionate, 928 

sodium nitratodithiosulphate, 544 

selenate, 862 

thiosulphate, 544 

sulphite, 282 

sulphuryl phosphate, 233 

tetraselenite, 825 

tetrasulphuryldiiodide, 691 

thiosulphate, 541 

trithionate, 609 

zinc hyposulphite, 183 

Caput mortuum, 351 
Carbon diselenide, 783 

disulphoselenohexabromides 920 

pentitadiselenide, 783 

sulphoselenide, 919 

tetritaselenide, 783 

Caro’s acid, 449, 482 
Castillite, 694, 795 
Catalysis dissociation, 673 

pseudo-, 673 

Ceric selenite, 831 

Cerium cuprous disulphite, 302 

dithiosulphate, 549 

sulphite, 302 

uranyl sulphite, 309 

Cerous ammonium sulphite, 302 

dihydrotetraselenide, 830 

dithionate, 694 

p- hydrated selenide, 782 

hydrosulphite, 830 

oxypentaselenite, 830 

potassium sulphite, 302 

selenates, 871 

decahydrate, 872 

dodecahydrate, 872 

enneahydrate, 872 

henahydrate, 872 

heptahydrate, 872 

hexahydrate, 872 

octohydrate, 872 

— pentahydrate, 872 

tetrahydrate, 372 

selenide, 782 

selenite, 830 

sodium sulphite, 302 

Chalcomemte, 694, 823 
Chamber acid, 363 
Chemical fogs, 401 
— — mists, 401 

Chlorohydrosulphurous acid, 686 
Chlorosel^c acid, 912 
Chlorosulfur© sulfazotique, 646 
Chlorosulphonates, 688 
ChloTosulphonic acid, 686 
Chlorosulphuric acid, 686 
Chlorure de soufr© biammoniacal, 646 
sulfure ammoniacai, 646 
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Ciiromatoselemc acid, 876 
Ciiramic ammordtim selenate, 876 

aquopentaminmoditIuorLat-e, 595 

Cffisitun seleiaate, S76 

cHoropentamminoselenate, 877 

cMoropentaquoselenate, 876 

decajnminodihydrosydithioriate, 596 

decam, minoliydrQxyditMonate, 596 

cM-dibromobisetbylenediaininodithio - 1 

nate, 596 5 

^ra7^a-dib^omobisetilyIellediamillodi- j 

tidonate, 596 I 

cia-dicblorobisethylenediammodithio- 

nate, 591 

^rajts-diclilorobisethy ienediaminedi- 

tbionate, 596 

dicblorotetraqnobexaqnoselenate, 877 

dibydroxvdiaqnodiamminodithionate, 

596 

diosysulphite, S06 

dithionate, 595 

hexacarbamidoselenate, 877 

bexaethylenediaminebexaby dr o x y d i - 

tbionate, 596 

bexamminoselenate, 877 

cifi-bj'droxyaquobisethylenediaminedi- 

tbionate, 595 

^mns-hydroxyaquobisethy 1 e n e di a m - 

minedithionate, 595 

mtritopentajrnnmoditbionate, 596 

oxyditbionate, 595 

pentamminochlorodithionate, 596 

pentamminoxyditbionate, 596 

potassium oxysulpbite, 306 

selenate, 876 

selenide, 797 

rabidium selenate, 876 

selenate, 875 

sodiran selenate, 876 

sulphite, 306 

tetraliydrox^'fiuIpMte, 306 

thailoiis selenate, 836, 876 

trioxysulphite, 306 

trisethylenediamidoselenate, 877 

CJbromium aquotribydroxydioldecammino- 
thiosTilphate, 554 

diaquotribydroxydiolenneamm o t h i o - 

sulphate, 554 

dibydrotetraselenite, 836 

diselenite, 836 

bemitriseleiiide, 797 

pentoxysulphite, 306 

potassium selenatosiilpbate, 930 

sulpbatoselenate, 930 

selenide, 797 

selenite, 836 

pentadecahydrate, 836 

tribydrate, 836 

selenium alums, 876 

tetrabydropentaselenide, 836 

tbiosulpbate, 554 

trioxyenaeaselenite, 836 

Cbromous sulphite, 306 
Claustbalie, 787 
Claustbalite, 694, 787 
Cobalt ammonium ditbionate, 597 

persulphate, 480 

biscbethylenediammosulpiiate, 448 

bisetbylenediaminoamminocb 1 o r o d i - 

tbionate, 598 


! Cobalt bismetbvlenediaminotetratbionate, 

! 620 

j caesium selenate, 885 

' chloropent amminodib ydrosulpbate, 

; 448 

' cuprous lead selenide, 800 

decamminoamidoditbionate, 598 

diamminodipyridinoaq u o.- b y d ro xy - 

ditbionate, 597 

diaxominodipTOdinodibydroxy dit b i o - 

nate, 597 

diazidobisethTlenediaminedit b io n a t e, 

598 

diazidotetramminoditMonate, 598 

dietbylenediaminodinitritoditbiona 1 6, 

598 

cia-dietbylenediaminoaquobydroxy di- 
tbionate, 597 

imm-dietbylenediamineaquoby dr o x y- 

ditbionate, 597 

dibydrazinobydrosulpbite, 315 

dibydrazinosulphite, 314 

dibydrosy^decasulpbite, 313 

dibydroxytrselenate, 883 

dibydroxypentasulpbite, 313 

cts-dipropylenediaminodicblorodithio- 

nate, 598 

^rajis-dipropylenediamino d ic bio ro di- 
tbionate, 598 

diselenide, 800 

ditbionate, 597 

bexabydrate, 597 

octobydrate ,597 

dodecamminohexabydroxyditbionate, 

598 

bemibydrazinosuipbite, 314 

bemiselenide, 800 

bemitriselenide, 800 

bexamjninodisulpbatopersxalpbate, 480 

bexamminotribydroxyditbionate, 598 

bexamminotrinitratoaquodiby d r o x y - 

ditbionate, 598 

bexamminoxydiaquobydrox yditbio- 

nate, 598 

bydrazmohydrosulpbite, 315 

bydroselenite, 841 

oetamminoainidobydroxy dith i o n a t e, 

598 

octamminodibydroxyditbionate, 598 

oxyselenide, 780 

pentaipinmocbloro ditbionate, 598 

pentamminohy drocarbo natoditbio- 

nate, 598 

pentamminobydroxyditbioiiate, 597 

pentanmfiinonitratO'^tMonate, 597 

pentamminoselenitocbloiide, 841 

pentitabexaselenide, 800 

pentitanneabydrazinosulpbite, 314 

persulphate, 480 

polysulphates, 448 

potassium persulphate, 480 

pyroselenite, 841 

rubidium selenate, 885 

selenide, 800 

selenite, 840 

dihydmte, 840 

tritabydrate, 840 

— — sodium beptathiosulpbate, 556 

persulphate, 480 

— tetratbiosulpbate, 556 
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Cobalt tetraethyldiamin ediaquotetrahy* 
droxydithionate, 698 

tetramroinoaq'QohydToxydithionate, 

597 

tetramminocarbonatodithionate, 698 

c^s-tetramminocMorodithionate, 698 

tetrapyridinotetrathionate, 620 

thiosulphate, 556 

triselenite, 841 

trisethylenediaminohydroselenate, 886 

tritatetraselenide, 800 

trithionate, 609 

(di)cobaitic /z-amidohydroxyoctammino- 
selenate, 887 

^-amidonitrito-octamminoselenate, 

887 

/z-amidoperoxyoctamminoselenate, 887 

/z-amidoselenato-octammino hydro sul- 
phate, 886 

/i-amidoselenatotetranuninohydro su 1 - 

phate, 930 

/z-amidosulphatoctainiuinohydrosele- 

nate, 930 

(di)cobaltic /z-amidosulphato-octammino- 
hydroselenate, 887 

ammonium tetramminodisulphite, 315 

tetramminotrisulphite, 316 

aquobromotetramminoselenate, 886 

aquochlorotetramminoselenate, 886 

aquohydroxytetramminoselenate, 886 

aquonitratotetramminohydroselenate, 

886 

aquonitritotetramminoselenate, 886 

aquopentamminoselenate, 886 

aquopentamminotrisulphite, 316 

aquoselenatotetramminochloride, 886 

aquoselenatotetramminohydrosele- 

nate, 886 

aquoselenatotetramminoselenate, 88 6 

aquoselenatotetramminosulphate, 886, 

930 

aquosulphatotetramminoselenate, 886, 

930 

aquosulphitotetramminocyamde, 317 

aquosulphit otetra mminohydroxide, 

316, 317 

aquosulphitotetramminothio cyanate, 

317 

barium ammonium octamminohexa- 

sulphite, 315 

octamminohexasulphite, 315 

bisdimethylglyoximinodiammui o s ele- 

nate, 886 

bishexamminoeimeasulphite, 316 

bishydroselenatotetramminoselenate, 

886^ 

— — carbonatohydrosulphitotetrammine, 

318 

carbonatopentamminoselenate, 886 

carbonatotetramminoselenate, 886 

chloropentaanminoselenate, 886 

copper pent€mmimobisulpb\te, 318 

decamminotrisulphite, 316 

diamminosulphite, 31-4 

diaquochlorotriamminoselenate, 886 

diaquodichlorodiamminohydrosele- 

nate, 886 

diaquodipyridinodiamminohydrosele- 

nate, 886 

diaquotetramminoselenate, 886 


(di)eobaltic dihydroxyoctamminoselenate, 
887 

dioitritotetramminoselenate, 886 

cis -din itritotetramminoselenat e, 886 

dithiocarbimidobisethylenediamino- 

hydroselenate, 886 

enneamroinosulphite, 314 

bexamminochlorosulphite, 316, 316 

hexanurdnochlorothiosuiphate, 557 

hexamminohydroselenate, 885 

hexamminoselenate, 885 

hexamminosulph ite, 314 

hexamminotrisulphite, 315 

(tetra)cobaltic hexahydroxydodecammino - 
selenate, 887 

hydmxysulphitotetramxame, 316 

nitratopentamminohydroselenate, 886 

(di)cobaltic ^-nitiitodihydroxyhexammmo- 
selenate, 887 

nitritopentamminoselenate, 886 

nitritopentamminothiosulphate, 557 

nitritosulphitotetrammine, 317 

oxalatodiethylenediaminoselenate, 886 

oxaJatopentamminobydroselenate, 886 

oxalatopentamminoselenate, 886 

oxalatotetramminoselenate, 886 

pentamminosulphite, 314 

pentamminotrisulpbite, 315 

potassium sulphite, 315 

selenate, 882 

selenatopentamminobromide, 886 

selenat opentamminochloro platinate, 

886 

selenatopentainminohydroselenate,886 

selenat opentammir) onitrate, 886 

selenat opentammin oselenate, 886 

selenatopentamnainosulphate, 886 

selenitopentamminoselenite, 841 

sodium aquopentamminotrisulphite, 

316 t 

hexamm in ohexasulphite, 318 

octamminohexasulphite, 318 

pentarominotrisulphite, 315 

sxilphite, 315 

sulphitopentamminotrisu Ip hi t e, 

316 

sulphatopentamminoselenate, 886 

sulphite, '314 

sulphitopentammines, 316 

sulphitopentamminobroinide, 316 

sulphitopentamminochloride, 315, 316 

sulphitopentamminohydrochloride,3i6 

sulphitopentamminonitrate, 316 

sulphitopentamminosulphite, 316 

sulphitopentamminothiosulphate, 316, 

557 

tetramminoehlorosulphite, 315 

tetramminotrisulphite, 315 

(di)cobaltic tetranitrito-fz-selenat oh exam- 
mine, 886 

thiocarbimidopentamininoselenate,886 

thiosulphatopentamminobromide, 557 

thiosulphatopentamminochloride, 557 

thiosulpbatopentamimnochromate,557 

thiosidphatopentammin odithionate, 

557 

thiosulpbatopentamininoiodid©, 557 

thiosulpbatopentamminonitrate, 557 

thiosidpbatopentamminothiosulphate, 

557 
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Cobaltic transdichlorotetram minohydro- 
selenate, 886 

transdichloro tetrapyridinoii ydrosele- 

nate, 886 

transdinitritotetramminoselenate, 886 

triethylenediaminotri hyd roselenafce, 

886 

( di)cobaltic tribydroxyhexamiomoselenate, 
887 

trisethylenediaminoselenate, 886 

trisethylenediammiiiothiosulphatQ, 55 7 

trisulphitotriamininocobaltate, 318 

Cobaltomenite, 694, 841 

Cobalt osic octammmopentasnlpliite, 315 

Cobaltous ammonitim disalphite, 313 

hexamminoselenate, 885 

• — hexasulphitocobaltate, 315 

trisTilphite, 313 

hexasulphitodicobaltate, 315 

litidum trisulphite, 314 

platinotis ^ran^-s-ulphitodiamminosul- 

phite, 321 

potassium disulpliite, 314 

hexasulphitodicobaltate, 315 

selenate, 884 

selenatosolphate, 930 

sulphatoselenate, 930 

selenate, 882 

heptabydrate, 882 

■ bexahydrate, 882 

pentabydrate, 882 

silver bexasulphitodicobaltate, 315 

sodium disulphite, 314 

sulphite, 313 

thallium sulphite, 314 

Colcothar, 351 

Columbium selenide, 796 

Copper ammonium dithionate, 587 

selenate, 859 

aquoethylenediaroiiiosulphite, 274 

bisethylenediaminodithionate, 587 

bisethylenediaminopersulphate, 478 

bisethylenediaminosulphite, 274 

bisethylenediaminotetrathionate, 618 

bisethylenediammothioaulphate, 535 

bisethylenediaminotrithionate, 609 

bismuth thiosulphate, 554 

csesium selenate, 860 

cobaltic pentamminotrisulphite, 318 

diethyldiainminoselenate, 859 

disulphitotetmmnimocobaltate, 317 

disulphoselenide, 919 

enneamminodithiojiate, 587 

fluosulphonate, 685 

hemitrisethylenediaminothiosulph dte, 

535 

hydrazine selenate, 859 

hydroselenite, 824 

monohydrate, 824 

oxyselenite, 823 

pentathionate, 627 

persulphate, 478 

potassium selenatosulphate, 929 

sulphatoselenate, 929 

pyridinopersulphate, 478 

pyroselenite, 824 

rubidium selenate, 860 

selanate, 858 

dihydrate, 858 

monohydrate, 858 


Copper selenite, 823 

silver selenide, 773 

sulphite, 273 

tetramminodithionate, 587 

tetramminopersulphate, 478 

tetramminoselenate, 858, 859 

monohydrate, 858 

t etramm inosulphite, 273 

tetrapyridinotetrathionate, 618 

thallous selenate, 870 

triamminoselenate, 859 

tetrahydrate, 859 

trihydxate, 859 

trzthionate, 609 

Crookesite, 694, 782 
Cupric amininosulphite, 278 

dithionate, 586 

hydrate, 587 

pentabydrate, 586 

tetrahydrate, 586 

hexahydroxytetrasulphite, 278 

hydrotetrathionate, 618 

mercuric sulphite, 300 

oxydisulphite, 278 

oxysulphite, 278 

platinoiis imri^-sulphitodiamminosul- 

phite, 321 

potassium selenate, 859 

thiosulphate, 534 

trisulphite, 276 

selenide, 770 

sodium amminosulphite, 279 

sulphite, 278 

tetramminotliiosulphate, 535 ' 

tetratMonate, 618 

thallous sulphite, 301 

hexahydrate, 302 

thiosulphate, 549 

thiosulphate, 535 

Cuprosic amminosulpho thiosulphate, 536 

ammonium sulphite, 278 

hemitridecahydrate, 278 

pentabydrate, 278 

oxyoctosulphite, 278 

potassium heptasulphite, 278 

hexasulphite, 278 

tetrasulphite, 278 

selenide, 770 

sodium octosulphite, 278 

pentammmotetrathio sulphate, 

535 

tetramminotetrathiosulphate, 

535 

dihydrate, 535 

tetrasulphite, 278 

sulphite, 277 

thallous sulphite, 302 

Cuprous ammonium cyanidothiosulphate, 
533 

dibromotetrathiosulphate, 533 

diehlorotetrathiosulphate, 533 

diiodotetrathiosulphate, 533 

dithiocyanatotetrasulphate, 533 

pentathiosulphate, 530 

sodium hexamminoctothioBiib 

phate, 533 

sulphite. 274 

(tetr)ammomum tetrasulphite, 275 

dehydrate, 275 

pentabydrate, 275 
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(di}ciiprons (dodec)£immomiim tetrasul- 
pbite, 275 

dehydrate, 275 

pentahydrate, 275 

thioeyanatothiosiiip}iate, 533 

thiosulphate, 530 

(pent)ammonium trisiilphite, 275 

(di)cuprous (tetr) ammonium trisulphite, 275 
(tetra)cuprous (di)ammonium tnsulphite, 
275 

trithiosulphate, 530 

barium trithiosulphate, 545 

heptahydrate, 545 

tetrahydrate, 545 

csesium dithiosulphate, 535 

calcium thiosulphate, 544 

cerium disulphite, 302 

• dithiosulphate, 549 

enneoxysulphite, 274 

hydrazine thiosulphate, 530 

lanthanum disulphite, 302 

lead cobalt selenide, 800 

dithiosulphate, 552 

• lithium sulphite, 275 

thiosulphate, 530 

mercurous octothiosulpliate, 549 

neodymium disulphite, 302 

potassium arnminotrithiosulphate, 535 

(tri)potassium dihydrotrisulphite, 276 

dithiosulpliate, 534 

sulphite, 276 

tetrathiosulphate, 535 

(tetra)potassium trihydrotetrasul- 

phite, 270 

tri thiosulphate, 534 

dihydrate, 534 

tetrahydrate, 534 

trihydrate, 534 

■ praseodymium, disulphite, 302 

dithiosulphate, 550 

— — rubidium dithiosulphate, 535 

tetrathiosulphate 535 

trithiosulphates, 535 

— — selenide, 769 

— ' — selenite, 823 

sodium bromodecathiosulphate, 533 

— — bromopentathiosulphate, 533 

chlorodithiosulphotosulphide,534 

chloropentathiosulphate, 533 

decatMosuIphate, 532 

— enneahydrate, 532 

hemipentadecahydrate, 532 

hexahydrated, 532 

octohydrate, 532 

diamminodithiosulphate, 532 

“ — dichlorotrithiosulphate, 533 

— disulphatoctothiosulphate, 634 

dithiocyanatopentathiosulphate* 

533 

ditbiosulphate, 532 

dihydrate, 532 

hemipentahydrate, 532 

monohydrate, 532 

— — dithiosulphatodisulphide, 534 

dithiosulphatosulphide, 534 

dodecathiosulphate, 532 

dodecahydrate, 533 

ferrosic sulphite, 312 

(deca)cuprous (tetra)so<iitun heptasulphite, 
276 


Cuprous sodium heptathiosulphate, 532 

enneahydrate, 532 

hexahydrate, 532 

hy droctosulphite, 276 

■ iodobromopentathiosulphate, 533 

■ octochlorotetradecathiosulphate, 

533 

(tetra)cuprous (hexa)sodium pentasiilphite, 
276 

pentathiosulphate, 531, 533 

hexahydrate, 531 

octohydrate, 531 

pentahydrate, 531 

silver hexamminoctothiosul- 

phate, 539 

sulphite, 27 6 

(hepta)sodium sulphite, 276 

tetrachloropentathiosulphate, 

533 

tetrathiosulphate, 532 

dihydrated, 532 

hexahydrate, 532 

thiosulphate, 530 

(penta)sodium trisulphite, 276 

trithiosulphate, 532 

sulphite, 274 

tetrahydrothiosulphate, 529 

tetratlnonate, 618 

thorium dithiosulphate, 550 

zirconium trithiosuiphate, 550 


D 

Becavanadyl sodium hexasulphite, 305 
Besmotropism, 240 

Biammonium sodium triseienatourante, 
878 

Bicadmium sodium trithiosuiphate, 547 
Bidymium dihydrotetraselenite, 831 

dithionate, 594 

hexahydroenneaselenite, 831 

oxyoctoselenite, 831 

potassium sulphite, 302 

selenate octohydrated, 872 

sulphite, 302 

Bihydroxymethyl sulphone, 163 
Bimercuriammonium selenate, 869 
Biphosphorylanhydrosulphatohexachloride, 
346 

Biselenatouranic acid, 877 
Biselenotrithionate acid, 928 
Biselenotrithionic acid, 925 
Dissociation catalysis, 673 
Bisulphitotetranimines, 317 
Disulphoxylic acid, 163 
Disulphuric acid, 357, 359 
DitMonates, 582 
Dithionic acid, 570 

anhydride, 579 

Bithionoxyl, 184 
Bithiopersulphuxic acid, 481 
Biuranyl ammonium trisulphite, 308 

potassium disulphite, 308 

— sodium trisulphite, 308 
Bivanadyl caesium tetrasulphite, 305 

lithium hexasulphite, 305 

rubidium trisulphite, 305 
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E 

Egula, 1 
English red, 351 

Enneathiosulphate sodium silver acetylide. 
540 

Eolide^ 915 

Erbium dihj'drotetraselemte, 831 

ditMonate, 594 

selenate emieabydrated, 872 

oetoliydrated, 872 

selenite, 831 

enneabydrate, 831 

pentabydrate, S3i 

sulphite, 302 

Er%-i:liroehroiuie dithionate, 590 
Ethyl sulphite symmetrical, 240 

unsymmetrieai, 240 

sulphone, 162, 238 

sulphonic aeid^ 239 

■ chloride, 239 

sulphosdde, 238 

Eucairite, 694, 773 


F 

Ferric caesium selenate, 882 

dioxysulphite, 312 

heptoxysulphite, 312 

hydrodiselenite, 840 

hemienneahydrate, 840 

hemiheptahydrate, 840 

hydroselenite, 840 

octoxysulphite, 312 

oxydiselenite, 840 

oxj*ditliio 2 iate, 597 

oxyoctoselenite, 840 

ox;^’tetrahydrohexaseIeiiite, 840 

potassium dioxy dihy drot risu I p h i t e, 

312 

dioxytrisulphite, 312 

silenatosulphate, 930 

■ sulphatoseienate, 930 

selenide, 799 

selenite, 839 

decahydrate, 840 

eimeahydrate, 840 

heptahj^drate, 840 

monohydrate, 840 

tetrahydrate, 839 

trihydrate, 840 

selenium dioxyheptachloride, 910 

sulphite, 312 

— — sulphoheptachloride, 647 
— — ~ thioimlphate, 556 

tnoxytriselenite, 840 

trioxytrisuiphite, 312 

FeirisuIpImtosuIpHtes, 312 
Ferrosic potassium sulphite, 312 

sodium cuprous sulphite, 312 

Ferrous ammonium dithionate, 597 

persulphate, 480 

selenate, 880 

sulphite, 312 

— ^ — ■ csesium selenate, 881 
— — dithionate, 597 

nitrosylselenate, 880 

■ pota^ium peisulphate, 480 

setenate, 881 


Ferrous potassium dihydrate, SSI 

hexahj’drate, 881 

selenatoselenate, 930 

sulphatoseienate, 930 

pyrosulphate, 447 

' rubidium selenate, 881 

selenate, 880 

heptaliydrate, 880 

I pentabydrate, 880 

: selenide, 799 

; — ^ — selenite, 839 

sodium persulphate, 480 

; thiosulphate, 556 

! sulpiiite, 311 

I thallous selenate, SS2 

( — sulphite, 312 

I — ~ thiosulphate, 555 
; Flores sulfuris, 3, 19 
j Flo Wei'S of sulphur, 19 
i Fluosulphonates, 684 
! Fiuosulphonic aeid, 684 
j Fogs, chemical, 401 
! Frenzelite, 694, 795 
j Fuming sulphuric acid, 351 


a 

Gadolinium dihydrotetraselenite, SSI 

dithionate, 594 

hyposulphite, 183 

sulphite, 302 

dodecahydrate, 302 

hexahydrate, 302 

Gallium caesium selenate, 870 

selenate, 869 

docosihydrate, 809 

sulphite, 301 

Gaz acide sulfureux, 187 
Gleba, 1 

Gold barium thiosulphate, 545 

disulphitotetramminocobaltate, 317 

selenate, 861 

selenide, 774 

sulphoheptachloride, 047 

Guadaieazarite, 780 
Guadalcazite, 780 
Guanajuatite, 694, 795 


H 

Hafnium selenide. 784 
Halogenosulphonates, 684 
Halogenosulphonic acids, 684 
Henathiosulphate sodium sih"^r acetviide, 
540 

Heptasulphates, 448 
Heteropolysulphates, 440 
Hexasulphates, 448 
Hexasulphitodicohaltic acid, 315 
Hexathionates, 628 
Hexathionic acid, 628 
Hexavanadyl ammonium tetrasulphite, 305 

potassium tetrasulphite, 305 

thallium tetrasulphite, 305 

Hydrated cerous selenide, 782 
Hydrazine copper selenate, 859 

cuprous thiosulphate, 530 

dithionate, 583 
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Hydrazine hydroditkionate, 583 

lead thiosulphate, 551 

pyrosiilphite, 328 

selenate, 854 

silver tliiosulphate, 537 

sulphite, 259 

thiosulphate, 514 

— zinc selenate, 866 

Hydrazoniuin selenite, 821 
Hydrogen disulphide, 158 

hexasulphide, 159 

pentasulphide, 160 

persulphide, 154 

polysiilphides, 154 

selenide, 757 

sulphide, 1 14 

analytical reactions, 142 

hexahydrated, 132 

history, 114 

— hydrated, 131 

occurrence, 115 

of crystallization, 141 

physiological action, 145 

preparation, 116 

properties chemical, 128 

physical, 123 

sulphoxide, 161 

' trisulphide, 158 

Hydromercurithiosulphuric acid, 548 
Hydroselenites, 820 
HydrosuHure sulfurf^ de soude, 485 
Hydrosulphates, 440 
Hydrosulphides, 141 
Hydrosulphitoiridous acid, 323 
Hydrosulphuric acid, 141 
Hydrosulphurous acid, 166 
Hydroxylamine dithionate, 583 
Hypomercuromercurosic sulphite. 287 
Hypomercurosic sulphite, 287 
Hyposulfite de soude, 485 
Hyposulphites, 166, 180 
Hyposulphuric acid, 576 
Hyposulphurous acid, 166 

constitution, 176 

preparation, 166 

properties chemical, 170 

physical, 169 

anhydride, 184 

Hypovanadic selenate, 875 


I 

Indium hexahydroeimeaselenite, 830 

hydroselenite, 830 

hydroxyiielenite, 830 

oxysulphite, 301 

selenate, 870 

selenide, 781 

selenite, 830 

lodatosulphuric acid, 689 

trihydrate, 689 

Iodine anhydrosulphate, 683 
— — hemianhydrosulphate, 683 

pentitanhydrosidphatopentoxide, 683 

sulphoctochloride, 646 

sulphodecachloride, 647 

sulphoheptachloride, 647 

trianhydrosulphate, 683 

trianhydrosulphatopentoxide, 683 


lodosulphiuic acid, 690 
lodosulphonic acid, 689 
Iridium ammonium Lexachlorodihydrosul- 
phite. 324 

trisulphite, 324 

oxj-sulphite, 324 

potassium chlorotrisulphite, 324 

pentachlorodisiilphite, 324 ' 

tetraehlorotrisulphite, 324 

trisulpliite, 324 

sodium enneamminohexasulphite, 324 

trisulphite, 324 

Iridous hydrosuiphite,'323 

potassium sulphite, 323 

sulphite, 323 

Iridyl sulphite, 324 
Iron diselenide, 799 

disulphitotetramminocobaltate, 317 

hemiselenide, 799 

hemitriselenide, 799 

monoseienide, 799 

potassium diselenide, 800 

silver selenide, 800 

tritatetraselenide, 7 99, 800 

Tsomerides, dynamic, 49 


J 

Jeronite, 792 
Joseite, 694 


K 

Kerstenite, 697, 873 
Klockmannite, 771 
Kobaltbleierz, 787 


L 

Lae sulphuris, 29, 30 
L’acide hydrosulfureux, 166 
Lanthanum ammonium selenate, 872 

sulphite, 302 

cuprous disulphite, 302 

dithiosulphate, 549 

dithionate, 594 

hydroselenite, 831 

dihydrate, 831 

hydroxytetraselenite, 831 

potassium selenate, 872 

sulphite, 302 

selenate hexahydrated, 872 

decahydrate, 872 

selenite, 831 

sodium selenate, 872 

sulphite, 302 

tetrahydropeutaselenite, 831 

uranyl sulphite, 309 

Lapis ardens, 1 

Lead ammoniuna trithiosulphate, 551 

barium thiosulphate, 552 

benzylsulphbmte, 163 

bismuth sulphoselenides, 921 

caesium dithiosulphate, 552 

trithiosulphate, 552 

calcium trithiosulphate, 552 

chambers, theory of, 372 
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Lead cuprous cobalt selenide, 800 

dithiosulpliate, 552 

dihydroxydithioiiate, 595 

dioxyselenate, 874 

diselenide, 786 

ditMonate, 594 

formaldehyde hydrostilplioxyiate, 162 

hydrazine thiosulphate, 551 

lithium dithiosulphate, 551 

oxydiselenitoplmnbate, 833 

■ oxyditMonate, 595 

oxyselenate, 874 

pentatMonate, 628 

persulphate, 480 

trihydrate, 480 

platiiious ^m?i5-sulpliitodiainminostil^ 

phite, 321 

potassium trithiosulphate, 552 

pyrosulphate, 447 

rabidium trithiosulphate, 552 

selenate, 873 

selenide, 786 

selenite, 833 

sodium heptathiosulphate, 551 

pentathionate, 628 

peutathiosulphate, 552 

tetratliiosulphate, 552 

trithiosulphate, 551 

strontium thiosulphate, 552 

sulphite, 303 

tetrahj'droxydithionate, 595 

tetrathionate, 619 

thiosulphate, 550 

triselemtodecamolybdate, 836 

tritliionate, 609 

Lerbachite, 694, 788 
Leviglianite, 780 

Lithium ammoniuia ci«-disulphitotetram- 
minocobaltate, 317 

cobaltous tnsulphite, 314 

cuprous sulphite, 275 

thiosulphate, 530 

decahydropentaselenitododeca vana- 
date, 835 

diselenitopentamolybdate, 837 

disulphuryliodide, 690 

dithionate, 583 

divanadyl hexasulphite, 305 

duosulphonate, 685 

hexabromoselenate, 901 

hydrosulphite, 260 

hs^osulphite, 181 

lead dithiosulphate, 551 

octosulphate, 447 

pentamolybdatodisulphite, 307 

persulphate, 476 

potassium sulphite, 260 

selenate, 855 

— — selenide, 766 

selenite, 821 

tetritatrihydrate, 821 

selenotrithionate, 926 

silver dithiosulphate, 537 

sodium selenate, 866 

sulphite, 260 

sulphite, 260 

thallous dithionates, 594 

thiosulphate, 514 

Lupus erythematosus, 541 
Lux (luces), 725 


i Magnesium ammonium persulphate, 479 

selenate, 863 

4 sulphite, 285 

, thiosulphate, 545 

: barium dithionate, 592 

■ bishexaethyienetetraaminopersul- 

I phate, 479 

) bishexamethylenetetraminotetrathio- 

I nate, 619 

j esesium selenate, 864 

i thiosulphate, 545 

dithionate, 591 

hydrodioxy'diselenophospliate, 932 

hydroselenide, 776 

hydroselenite, 826 

tetrahydrate, 826 

hydrosulpMte, 285 

hyposulphite, 182 

persulphate, 479 

potassium persulphate, 479 

selenate, 864 

hexahydrate, 864 

tetrahydrate, 864 

thiosulphate, 545 

pyrosulphate, 447 

rubidium selenate, 864 

thiosulphate, 545 

selenate, 863 

heptahydrate, 863 

hexahydrate, 863 

selenatosulphate, 929 

selenide, 775 

selenite, 826 

dihydrate, 826 

heptahydrate, 826 

hexahydrate, 826 

monohydrate, 826 

trihydrate, 826 

selenium trioxyoctochloride, 910 

— sodium persulphate, 479 

sulphatoselenate, 929 

7 sulphite, 285 

hexahydrate, 285 

trihydrate, 285 

tetrahydrotriselenite, 826 

trihydrate, 826 

thallous selenate, 871 

thiosulphate, 545 

trithionate, 609 

Manganese ammonium dithionate, 596 

bishexamethylen© tetraminope rsu 1- 

phate, 480 

dihydroxydisulphite, 310 

dithionate, 596 * 

hexahydrate, 596 

trihydrate, 596 

hydroselenite, 838 

hydrosulphite, 310 

monohydrate, 310 

trihydrate, 310 

hydrotetrathionate, 619 

pxyselenide, 780 

persulphate, 480 

potassium selenatosulphate, 930 

selenide, 799 

sulphatoselenate, 930 

pyroselenite, 838 

hemihydrate, 838 
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Manganese selenate, 878 

dihydxate, 878 

pentahydrate, 878 

selenide, 798 

selenite, 838 

dihydrate, 838 

monohydrate, 838 

sulphite, 309 

hemipentahydrate, 309 

tetraliydroxypentasulphite, 310 

henahy irate, 310 

octohydrate, 310 

Manganic diselenite, 839 

oxydiselenite, 839 

potassium selenatosulphate, 930 

selenium alum, 880 

sulphatoselenate, 930 

tetraselenate, 880 

sulphite, 309 

tetraseienite, 839 

triselenite, 839 

Manganous ammonium selenate, 878 

sulphite, 311 

caesium selenate, 879 

hydrazinodihydrosulphite, 310 

platinous iraTia-sulphitodiammino sul- 
phite, 321 

■ — — potassium hexahydrate, 878 

selenate, 879 

sulphite, 311 

trisulphite, 311 

rubidiumselenate, 879 

sodium pentasulphite, 311 

sulphite, 311 

trithiosulphate, 555 

thallium sulphite, 311 

thallous selenate, 879 

thiosulphate, 655 

Matches, 1 

Mercuric amminosulphite, 292 

amminoxysulphite, 292 

ammonium hromosulphite, 296 

ohlorosulphite, 292, 296 

pentathiosulphate, 548 

sulphite, 292, 294 

barium sulphite, 300 

cupric sulphite, 300 

dihydropentaselenite, 828 

dioxyselenate, 868 

diselenodibromide, 914 

diselenodichloride, 914 

diselenodifluoride, 914 

diselenodiiodide, 914 

dithionate, 593 

enneaselenite, 828 

hydroselenite, 823 

hydro«ulphite, 292 

hydroxyamidoselenate, 869 

oxydiselenide, 780 

oxymerouriammonium sulphit*e, 296 

oxysulphite, 294 

oxytetrasulpbite, 296 

oxytriselenite, 828 

potassium bromosulphite, 300 

ohlorosulphite, 300 

— hexathiosulphate, 548 

octothiosulphate, 648 

— oxydisulphite, 296 

monohydrate, 296 

oxytiisulphite, 296 


i Mercuric potassium sulphite, 296 

I monohydrate, 296 

tetrathiosulphate, 648 

selenate, 868 

monohydrate, 868 

selenide, 778 

selenite, 828 

selenochloride, 779 

selenotrithionate, 928 

silTor sulphite, 300 

sodium chlorosulphite, 296 

diiododithiosulphate, 549 

oxydisulphite, 296 

selenite, 829 

thiosulphate, 548 

trisulpMte, 296 

strontium sulphite, 300 

thiosulphate, 549 

sulphite, 291 

sulphoselenide, 780 

tetramminopersulphate, 47 9 

tetramminosulphite, 292 

tetraselenodibromide, 914 

tetraselenodichioride, 914 

thiosulphate, 547 

trioxybisdithionate, 593 

triox 5 rfcetraselenite, 828 

trithionate, 609 

Mercurius philosophorum, 331 

Mercurosic sulphite, 289 

Mercurous ammonium persulphate, 480 

cuprous octothiosulphate, 549 

dithionate, 593 

hydxoselenite, 828 

oxydiselenite, 828 

pentahydrate, 828 

oxyhexaselenite, 828 

oxypentaselenate, 868 

selenate, 868 

selenide, 778 

selenite, 828 

sodium thiosulphate, 548 

sulphite, 287 

tetraseienite, 828 

thiosulphate, 647 

triselenitodecamolybdate, 836 

trithionate, 609 

Mercury disulphitotetrammin, ocobaltate, 
317 

glance, 780 

sulphoselenide, 9X9 

superphlogisticated, 205 

Metadisulphuric acid, 360, 444 
Metasulphoxylic acid, 165 
Metasulphuric acid, 357 
Metasulphurous acid, 238 
Methyl sulphone, 162 

sulphoxide, 161 

Milk of sulphur, 30 
Mists, chemical, 401 
Molybdatosulphites, 307 
Molybdenum diselenide, 797 

hemipentaselenide, 797 

hemitriselenide, 797 

tetrathionate, 617, 619 

thiosulphate, 555 

triselenide, 797 

trithionate, 607 

Molybdomenite, 694, 833 
Monoselenotetrathionic acid, 925 

3 p 


VOb. X. 
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is- 

NaTirnanmte, 77 i 

Xeodyniduiii cuprous disuiphite^ 302 

ditiiiosulpliate, 650 

seienatOj 872 

dodecahydrate, S 72 

oetohydrate, 872 

pentahydrate, 872 

selemte, 831 

uranyl suiphite, 309 

Nickel ammonium dithionate, 598 

persulphate, 480 

selenate, 887 

— sulphite, 319 I 

bishexamethylenediam inotetratliio- - 

nste, 620 

bishexamethylen etetraminopersul- 

phate, 480 

caesium selenate, 889 

ddiydrazinosulphite, 319 

diliydroxy disulphite, 319 

diseienide, 801 

disulphitotetramminocobaitate, 317 

dithionate, 598 

hemiselenide, 801 

hemitriselenide, 801 

hexamminodithionate, 598 

hexamminopeisulphate, 480 

hexamminoselenate, 887 

hexamminototrathionate, 619 

hydroselemte, 841 

oxyselenide, 780 

pentitahexaselenide, 801 

platinous ^ran^-sulphitodiamminosul- 

phite, 321 

potaasium nitrosyithiosulphate, 558 

persulphate, 481 

selenate, 888 

selenatosulphate, 930 

sulphatoselenate, 930 

rubidium selenate, 888 

selenate, 887 

selenide, 800 

selenite, 841 

dihydrate, 841 

hemihydrate, 841 

sodium heptathiosulphate, 557 

persiilpliate, 481 

sulphite, 318 

tetrahydrate, 318 

tetiamirdnothiosulphate, 557 

tetrapyxidmotetrathionate, 620 

tetraselenite, 841 

tetrathionate, 619 

tetritatrihydi^mosulphite, 319 

thallous selenate, 889 

sulphite, 319 

— ^ — thiosulphate, 557 
— — triamminosulpbite, 319 

tnhydrazinodithioimte, 598 

trihydtazmosulphite, 319 

tritatetraselenide, 801 

tritMonate, 609 

Nitrogen hydrotetrasulphatopentoxide, 345 
selenide, 788 

Hitxc^yl chloroanhydrosulphate, 345 
Nordhausen isulphuric acid, 351 


! O 

’ Oleum, 351 

j glaciale vitroli, 332 

1 sulphuris, 332 

I Onofrite, 694, 780, 919 
Orthosuiphoxylic acid, 165 
Ortliosulphiiric acid, 357 
Orthosulphiirous acid, 238 
Osmic barium sulphide, 324 

potassium decasuIpMde, 324 

fcetradeeasulphite, 325 

silver sulphide, 324 

Osmions potassium dibydropentasulphite, 
324 

sulphite, 324 

Osmium diseienide, 802 

monoselenide, 802 

potassium disulphite, 324 

sodium sulphite, 325 

Oxyacids of sulphur structure, 178 
Oxysuiphoselenium compounds, 922 


P 

Palladious ammonium selenate, 890 

selenate, 890 

PaHadium selenide, 801 

tetritaselenide, 801 

Palladous ammonium sulphatoselenate, 930 

sodium tetrasulphite, 325 

Para-disuiphuric acid, 360 
Parasulphuric acid, 357 
Penroseite, 697, 800 
Pentathionates, 626 
Pentathionic acid, 621 

anhydride, 623 

Perdisulphates, 475 

preparation, 453 

properties, 459 

Perdisulphuiic acid, 449 

preparation, 453 

properties, 459 

Permonosulphatee, 482 
Permonosulphuric acid, 449, 482 
Peroxydisulphates, 450 
Peroxymonosulpiiates, 450 
Peroxysulphates, 450 
Perselenic acid, 852 
Persulphates, 475 
Persulphuric acid, 419, 448, 449 
Perpyrosulphates, 465 
Phenyl sulphordc acid, 239 
Philosopher’s salt, 331 
Phlogisticated sulphuric acid, 187 
Phosphorus diiodotriselerdde, 791 

disulphoselenide, 922 

ditritanhydrosulphatotetroxide, 346 

hemiselenide, 790 

hemitriseleiiide, 790 

pentaselenide, 791 

selenides, 930 

selenoxide, 931 

sulphoselenide, 791, 920 

t6trac<»siiIphotmodide, 95 

tetritaselenide, 790 

tetritatriselemde, 790 

Platinic pota^tim oxydisulpMte, 323 
sodium oxydisulphite, 323 
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Piatinic sulphite, 320 

tetramminodisulpMte, 321 

PJatinous ammonhun ci^-ainmonimiichloro- 
sulphitodiamminosulpliite, 321 

ci^-ehloroamminosulp h i t o d lam- 

minosulphite, 

ehiorodis-ulpliite, 323 

diehlorodisulphite, 323 

disuiphite, 322 

potassium chlorodisulphite, 323 

triehlorosulphite, 323 

ci^-sulphitodiammiELOsuIplLite, 

321 

ira;i^<sulplut odiaiiiminosulp h i t e, 

320 

tetrasulphite, 322 

triliydrate, 322 

trichlorohydrosulphite, 323 

barium cis-sulphitodiamminosulphite, 

321 

^m??^-suIphitodiamminosuIphite, 

321 

jJmna-chlorammoniosulphitodiammine, 

320 

ci>-chlorohydrosulphatodiaminine, 321 

ira?i5-chiorohydrosulphit o diammine, 

320 

eobaltous tran^-sulphitodiamminosul- 

phite, 321 

cupric tran^ -sulphit odiammiu osulphite, 

321 

dithionate, 598 

hydrosulphite, 320 

lead /ron.5 -sulphitodiamminosulphite, 

321 

manganous jfrowa-sulpiiitodiammino- 

sulphite, 321 

nickel ^m7i5-sulpliitodiamminosulphite, 

321 

pentachlorosulphite, 323 

potassium decasuiphite, 323 

~ tetrasulphite, 322 

triohlorosulphite, 323 

silver cia - sulphitodiamminosulphite, 

321 

^ra?ia-sulphitodianiininosuIphite, 

321 

sodium disuiphite, 322 

heptathiosulphate, 558 

pentathlosulphate, 558 

cia-sulphitodiamminosulphite, 

321 

^mw-sulphitodiainininosulphite, 

320 

tetrathiosulphate, 558 

sulplwLte, 320 

irawa-sulphitodiammine, 320 

tetramminobishydrosulphite, 321 

dihydxate, 321 

tetrahydrate, 321 

tetrainminodihydrotrisulphite, 322 

tetramnunodisulphite, 321 

tetramminosulphite, 321 

triamminosulphita, 321 

uranyl trana - sulphitodiaraminosul- 

phite, 321 

zinc ^mna-sulpHtodiamminosxilpliite, 

32 X 

Platinum dipropylsulphinodithiosulphate, 
558 


j Platinum ciiselenide, SOI 

! selenide, SOI 

I triselenide, 802 

Piatxmite, 694, 796 
Polysulphates, 440, 447 
Polythionic acids, 563 

constitution, 570 

reactions of, 569 

Potassium aluminium selenate, 869 

decamolybdatotrisiilphite, 307 

piatinoiis chlo'^odisulpliite, 323 

trielilorosiijpliite, 323 

selenatosulphate, 930 

suipbatoselenate, 930 

tnselenitodecaniolylxiate, S3 6 

I ammonium sulphite, 270 

— antimomous thiosulpliate, 553 

aquopentasulphitosmate, 325 

arsenious thiosulpliate, 553 

auric oetosulphite, 281 

tetramminohexasuliihite, 281 

auroiis disuiphite, 281 

beryllium trisulphite, 285 

bismuth thiosulphate. 554 

bromop;V’TOselenite, 913 

cadimum octothiosulphate, 547 

persulphate, 479 

selenate, 868 

hexahydrate, 868 

selenatosulphate, 930 

suipbatoselenate, 930 

sulphite, 287 

tetrathiosulphate, 547 

calcium selenate, 862 

thiosulphate, 544 

cerous sulphite, 302 

chloropyroselenite, 913 

chromatoselenate, 876 

chromic oxysulphite, 306 

selenate, 876 

selenide, 797 

chromium selenatosulphate, 930 

suipbatoselenate, 930 

cobalt persulphate, 480 

cobaltic sulphite. 315 

eobaltous disuiphite, 314 

hexasulphitodicobaltate, 315 

selenate, 884 

selenatosulphate, 930 

suipbatoselenate, 930 

copper selenatosulphate, 929 

suipbatoselenate, 929 

cupric selenate, 859 

thiosulphate, 534 

trisulphite, 276 

cuprosic heptasidphite, 278 

hexasulphite, ^78 

tetrasulphite,^ 278 

cuprous amminotrithiosulpiiate, 535 

(tri}potassiuin cuprous dihydrotnsuiphite, 
276 

dithiosulphate, 534 

sulphite, 276 

tetrathiosulphate, 535 

(tetra)potassium cuprous trihydrotetrasuh 
phite, 276 

trithiosulphate, 534 

diliydrate, 534 

tetrahydrate, 534 

trihydrate, 534 
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Potassium decaliydropeutaselenitododeca- Potassium manganic tet rase] en ate, 880 

vanadate, 835 manganous selenate, 878 

decahydrotetraseienitohexavanadate. hexahvdrat©. 879 


834 

decamolybdatotrisulphite, 307 

— — didymium sulphite, 302 

diferrisulphatotetrasulphite, 313 

difluodithionate, 599 

dihydroliexasuiphitosmate, 325 

dihydrotetrachlorotetrasulphite, 225 

dihydrotetraselenitohexa vanadate, 835 

diselenitododecamolybdate, 837 

diselenitopentamolybdate, 837 

dihydrate, 837 

' pentahydi‘ate, 837 

CIS- disulphit 0 te t ramminocobalt at e, 3 1 7 

dithionate, 584 

diuranyi disulphite, 308 

enneahydrododecaseienito h e x a v a n a- 

date, 835 

ferric dioxydihydrotrisulphite, 312 

dioxytrisulphite, 312 

selenatosulphate, 930 

sulphatoselenate, 930 

ferrisuipliatodisulphite, 313 

ferrisulphatosulphite, 312 

ferrosic sulphite, 312 

ferrous persulphate, 480 

selenate, 881 

dihydrate, 881 

hexahydrate, 881 

selenatoselenate, 930 

sulphatoselenate, 930 

fluosulphonate, 685 

hemicosihy dro dec aselenit oh e x a v a n a- 

date, 835 

heptadecahydroctoselenitohexa va na- 

date, 835 

heptanliydrosuIphatosuJphat©, 345 

hexabromoselenate, 901 

hexahydrotetraselenitohexavana dat e, 

835 

hexase]€iiitohept;adecamolybdate, 836 

hexathionate, 628 

hexavanadyl tetrasulpbite. 305 

hydrodifluodiselenate, 903 

hydropyrosulphate, 446 

hydroselenate, 858 

hydroselenatouranate, S77 

hydroselenide, 768 

L_ hydroselenite, 822 

hydroselenopliosphite, 931 

hydrosulphite, 269 

liydrotetraselenitohexavanadate, 835 

hyposulpiiite, 182 

lanthanum selenate, 872 

sulphite, 302 

lead trithiosulphate, 552 

* lithium sulphite, 260 

magnesium hexahydrate, 864 

persulphate, 479 

selenate, 864 

tetrahydrate, 864 

tMosulphate, 545 

manganese selenatosulphate, 730 

selenide, 799 

sulphatoselenate, 930 

manganic selenatosulphate, 930 

selenium alum, 880 

— sulphatoselenate, 930 


sulphite, 311 

trisulphite, 311 

mercuric bromosulphite, 300 

chlorosulphite, 300 

hexarhiosulphate, 548 

octothiosiilphate, 548 

oxydisulphite, 296 

monohydrate, 290 

oxjdirisulphite, 296 

sulphite, 296 

monohydrate, 296 

tetrathiosulphate, 548 

metaselenoarsenate, 874 

- — monoselenothiosulphate, 925 

monoselenotiithionate, 927 

mckel nitrosylthiosulphate, 558 

persulphate, 481 

selenate, 888 

selenatosulphate, 930 

sulphatoselenate, 930 

mtroxylsulphate, 345 

icosihydrodeeaselenitohexavan a da t e, 

835 

iodosulphonate, 689 

iridium ehlorotrisulpliite, 324 

pentachlorodisulphite, 324 

tetrachlorotrisulphite, 324 

trisulphite, 324 

iridous sulphite, 323 

iron diselenide, 800 

octosulphate, 447 

orthoselenoantimonite, 834 

osmic decasulphide, 324 

tetradecasulphide, 325 

osmious dihydropentasulphite, 324 

osmium disulphite, 324 

oxynitrosotetrasulphite, 326 

oxytriselenophosphate, 932 

— - pentacyanido thiosulphate, 557 

pentamolybdatodisulphite, 307 

pentaselenatodiarsenate, 875 

pentaselenatodiphosphate, 932 

pentaselenide, 768 

pentathionate, 627 

perselenate, 852 

persulphate, 477 

platinic oxydisulphite, 323 

platinous decasulphite, 323 

tetrasulphite, 322 

dihydrate, 323 

tetrahydrate, 323 

trichlorosulphite, 323 

pyroselenate, 858 

pyroselenite, 823 

pyrosulphate, 445 

pyrosulphite, 329 

rhodium trisulphite, 326 

ruthenium oxyoctosulphite, 326 

ruthenous disulphite, 326 

samarium selenate, 872 

— - selenate, 866 

selenatoaluminate, 869 

— — selenatoarsenate, 875 

selenatochromate, 876 

selenatomonoiodate, 914 

selenatophosphate, 932 

selenatosulphate, 925 
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Potassium seienatothaliate, 871 

selenatoti'iiodate, 914 

selenide, 767 

— enneadecaliydrate, 767 

— eimeahydrate, 767 

tetradecahydrate, 767 

selenite, 822 

monohydrate, 822 

selenitometavanadate, 835 

selenitomoiybdate, 837 

seiemum oxytriehioride, 910 

— — selenodiphosphite, 931 
selenophosphide, 930 

selenomoiybdate, 797 

selenoselenate, 925 

selenostannate, 786 

selenosulphostannate, 921 

selenotetrantimonite, 834 

selenoxanthate, 783 

silver ainminoctothzosulphate, 539 

octothiosulphate, 539 

sulphite, 280 

tetrathiosuiphate, 539 

tritamminothiosulphate, 539 

sodium chlorothiosulphate, 529 

hydrosulphite, 271 

sulphite, 271 

thiosulphate, 529 

strontium thiosulphate, 544 

sulphite, 268 

dihydrate, 268 

monohydrate, 268 

sulphoselenoantimonite, 922 

sulphoselenoarsenate, 921 

suiphuryl bromide, 689 

chloride, 689 

nitrate, 689 

thiocyanate, 689 

tetradecasulphuryliodide, 690 

tetrahydrodiselenatouranate, 877 

tetrahydrosulphitopyrosulphite, 331 

tetrahydrotriselenatour anyluranate, 

878 

tetraselenide, 768 

tetrathionate, 617 

tetraimanyl pentasulphite, 308 

thallic selenate, 871 

thallous dithionates, 594 

thorium hydroxysulphite, 303 

trihydroaquohenasulphitosmate, 325 

trihydrodiselenite, 823 

trioxypentaselenodiarsenate, 874 

triselenide, 768 

triaelenotrithiophosphite, 931 

trzthionate, 607 

timmnjl disulphite, 308 

triovanadyl disulphite, 305 

uxanyl disulphite, 308 

hydroxysulphite, 309 

selenate, 877 

selenite, 838 

vanadyl disulphite, 305 

zinc hyposulphite, 183 

persulphate, 479 

selenate, 866 

dihydrate, 866 

hexahydrate, 866 

selenatosulphate, 930 

sulphatoselenate, 930 

sulphite, 286 


Potassium zino thiosulphate, 546 
Praseodymiimi cuprous disulphite, 302 

dithiosulphate, 550 

dihydrotetraselenite, 831 

dithionate, 594 

selenite, 831 

uranyl sulphite, 309 

Pseudocatalysis, 673 
Purpureochromic dithionate, 596 
Pyroselemtes, 820, 822 
Pyrosulphates, 440, 444 
Pyrosulphites, 327 
Pyrosulphoxyiic acid, 163 
Pyrosulphuric acid, 351, 357, 444 
Pyrosulphurous acid, 327 
Pj’Tosulphurjd chloride, 67S 


E, 

Rare earth molybdatosulphites, 307 

thiosulphates, 549 

Rhaphanosmite, 788 

Rhodium brownish-red sodium sulphite, 326 

potassium trisulphite, 326 

sodium sulphite, 326 

trisulphite, 325 

Rhodochromicdithionate, 596 
Rongalite, 163 

Rubidium aluminium selenate, 869 

barium dithionate, 591 

bismuth thiosulphate, 554 , 

cadmium selenate, 868 

chloropyroseienite, 913 

chromic selenate, 87 6 

cobalt selenate, 885 

copper selenate, 860 

cuprous dithiosulphate, 535 

tetrathiosuiphate, 535 

trithiosulphates, 535 

difiuodithionate, 599 

diselenitopentamoiybdate, 837 

dihydrate, 837 

pentahydrate, 837 

cia-distdphitotetramininocobaltate,3X7 

dithionate, 585 

hemihydrate, 686 

divanadyl trisulphite, 305 

ferrous selenate, 881 

fiuosulphonate, 685 

hexabromoselenate, 901 

hydrodifluodiselenate, 903 

hydroselenate, 858 

hydroselenite, 823 

hydrosulphite, 270 

hyposulphite, 182 

lead trithiosulphare, 552 

magnesium selenate, 864 

thiosulphate, 545 

manganous selenate, 879 

nickel selenate, 888 

octosulphate, 448 

pentamolybdatodisulphite, 307 

persulphate, 477 

pyrosulphate, 446 

selenate, 857 

selenatoaluminate, 869 

selenatoai'senate, 875 

selenatochromate, 876 
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KTibidiuin selenatoferrate, SS2 

solenatophospliate, 932 

.selenatotriiodate, 914 

helenite, 823 

iselenimn oxytriehloridej, 910 

selenosulphate, 925 

selenotritMonatej 928 

silver amminodi-cliiosaiphate, 539 

ammmoiieptathiosulphate, 539 

tritMosulphate, 539 

sulphite, 270 

hemialeoholate, 270 

tetrasulpliur^diodide, 691 

■ tetratliionate, 618 

thiosolpliate, 529 

trihydrodiselenite, 823 

trisulphuryliodide, 690 

trithionate, 608 

zinc selenate, 866 

Bubiesite, 694, 796 
Buthenium diselenide, 802 

monoselenide, 802 

potassium oxyoctosiilpiiite, 320 

sodium hydrosuiphite, 326 

oxyoetosulphite, 326 

trisuiphite, 320 

Ruthenous dithionate, 599 
potassium disulphite, 326 


S 

Sal philosophorum, 331 

sulphuratum Stahlii, 268 

volatile olei vitrioli, 332 

Samarium ammonium selenate, 872 

dihydrotetraselenite, 831 

oxyoctoselenite, 831 

potassium selenate, 872 

selenate octohydrated, 872 

dodecahydrate, 872 

selenite, 831 

sulphite, 302 

Sanocrj^sin, 641 

Scandium ammonium sulphite, 302 

hydroxythiosulpbate, 549 

sulphite, 302 

Schwefel, 1 
Seebaehite, 694 
Selenates, 853 
Selenatobaric acid, 863 
Selenatodisulphurie acid, 925 
Selenato-Grlauber’s salt, 855 
Selenatomolybdie acid, 877 

liexoxide, 877 

dihydrate, 877 

Selenatosulphates, 929 
Selenatosulphuric acid, 924 
Selenato-th^nardite, 855 
Selenatouranic acid, 877 
Selenatovanadic acid, 875 
Selenblei, 787 

mit selehkobalt, 787 

selenkupfer, 788 

selenquecksilber, 788 

Selenbleiglanz, 787 
Selenbleikupfer, 788 
Selenic acid, 843, 844 

monohydrate, 846, 847 

tetrahydrate, 847 


Selenides, 764, 765 
Selenious acid, 813 

properties, chemical, 816 

physical, 814 

Selemtes, 820 

Selenitomolybdic acid, 836 
Selenito vanadates, 834 
Selenitovanadic acid, 834 

deeahydiate, 834 

dihydrate, 834 

hexahydrate, 834 

Selenium, 693 

allotropes, 700 

amorphous, 701 

antimon 5 ’' dioxyenneachioride, 906 

atomic number, 754 

weight, 753 

boride, 780 

bridge, 725 

bromodinitride, 900 

calcium trioxyoctoehloride, 910 

cell, 725 

hard, 725 

soft, 725 

chemical reactions, 751 

chloronitride, 895 

colloidal, 702 

dichloride, 893 

dioxide, 808, 809 

monohydrated, 813 

properties, chemical, 811 

physical, 810 

dioxy dichloride, 911 

dioxydiliydrochloride, 913 

dioxypentahy^drofiuoride, 912 

dioxytetrahydrochloride, 913 

disulphide, 916 

colloidal, 917 

electronic structure, 754 

ethide, 902 

extraction, 696 

ferric dioxyheptachloride, 910 

glassy, 701 

glycerol sols, 704 

halides, 892 

hemitrioxide, 809 

hexachloride, 893 

hexaduoride, 892 

history, 693 

hydrodioxyiodide, 913 

hydrosol, 702 

in sulphuric acid, 371 

isotopes, 754 

magnesium trioxyoctoehloride, 910 

metallic, 705 

monobromide, 900 

monochloride, 893 

monoclinic, 704 

a-, 704 

704 

monofluoride, 892 

monoiodide, 901 

monosulphide, 917 

monoxide, 808 

nitride, 788 

occurrence, 693 

oxides, 808 

.oxydibromide, 911 

hydrated, 913 

oxydichloride, 903, 913 
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Selenium oxydichloride hydrated, 913 

monoliydrate, 904 

oxjdluoride, 903 

oxyhaHdes, 903 

phosphides, 930 

physiological action, 752 

potassium mangame alum, 880 

oxytrichloride, 910 

properties, chemical, 746 

physical, 710 

purification, 696 

rubidium oxyliriehloride, 910 

sesquioxide, 809 

stannic dioxyoctochloride, 910 

sulphides, 915 

sulphite, 306 

sulphopentoxide, 924 

sulphotrioxide, 923 

tetrabromide, 900 

tetrachloride, 893, 898 

tetrafluoride, 893 

tetraiodide, 902 

tetrarruninoxydichloride, 906 

titanium dioxyoctochloride, 910 

trioxide, 843 

tritatetroxide, 809 

unit, 725 

uses, 754 

valency, 753 

vitreous, 701 

Selenkobaltblei, 787, 800 
Selenkupfer, 769 
Selenkupferblei, 788 
Selenkupferbleiglanz, 788 
Selenochromyl chloride, 911 
Selenolite, 697, 809 
Selenomium, 753 
Selenophosphates, 930, 931 
Selenophosphites, 930 
Selenosilieon, 783 
Selenquecksilberblei, 788 
Selenquecksilberbleiglanz, 788 
Selenschwefelquecksiiber, 780 
Selensiiber, 771 
Selensilberbleiglanz, 771 
Selensilberglanz, 771 
Selensulphur, 915 
Selentellurium, 796 
Selenwismuthglanz, 795 
Selenyl bromide, 911 

chloride, 911 

dichloride, 903 

Sesquiselenide, 784 
Silaonite, 694, 795 
Silicon diseienide, 783 
Silver amutdnoselemte, 824 

ammonium cMorosulphite, 280 

decahydropenta^eieuitododeca- 

vanadate, 835 

dibromotetrathiosulphate, 540 

dichlorotetrathiomilpliate, 539 

diiodotetrathiosulpnate, 540 

heptasulpMte, 280 

heptatMosulphate, 536 

sulphite, 280 

— tetrahydxoenneasulpMte, 280 

thiosulphate, 536 

— trithiosulphate, 536, 545 

barium trithiosulphate, 545 

— — bismuth thiosulphate, 564 


Silver caesium trithiosulphate, 539 

eobaltous hexa&iilphitodeeobaltate,315 

copper selenide, 773 

diseienide, 771, 772 

disulphitotetramminocobaltate, 317 

hexabromoselenate, 901 

hexamineselenate, 861 

hexasulphitocobaltate, 315 

iron selenide, 800 

lithium dithiosulphate, 537 

mercuric sulphite, 300 

osmic sulphide, 324 

perdisulphate, 478 

persulphate, 478 

platinous cia-sulphito diamminosul- 

phite, 321 

^ra?w-sulpMtodiamminosuIphite, 

321 

potassium amminoctothiosulphate,539 

octotbiosulphate, 539 

sulphite, 280 

tetrathiosulphate, 539 

triamminothiosuiphate, 539 

pyrosuiphate, 446 

rubidium amminodithiosulphate, 539 

amminoheptathiosulphate, 539 

trithiosulphate, 539 

selenate, 861 

selenide, 771 

selenite, 824 

selenoantimonate, 875 

selenosulphide, 773 

sodium chlorosulphite, 280 

cuprous hexamminoe to thiosul- 
phate, 539 

dithionate, 588 

enneathiosulphate acetylide, 540 

henathiosulphate acetylide, 540 

heptathiosulphate, 538 

monamminothiosulphate, 538 

sulphite, 280 

tetrathiosulphate. 538 

tridecasulphite, 280 

‘trithiosulphate, ' 538 

dihydrate, 538 

monohydrate, 538 

strontium dithiosulphate, 545 

sulphite, 279 

sulphoselenide, 919 

tetramminodithionate, 588 

tetramminoselenate, 861 

tetramminoselenite, 824 

tetramminosulphite, 280 

tetrathionate, 618 

thiosulphate, 536 

triselenitodecamolybdate, 836 

trithionate, 609 

Sodium aluminium selenate, 869 

ammonium cuprous hexamminocto- 

thiosulphate, 533 

hydrosulphite, 270 

antimonious tfiiosulphate, 553 

aqucKiisulphitotriammmocobaltate,318 

dfliydmte, 318 

he:j^ydrate, 318 

trihydhat©, 318 

aquopentasulpitosmate, 325 

arsenious h 3 q)osulpMte, 183 

thiosulphate, 552 

arsenothiosulphate, 552 
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Sodium auric sulphite, 281 

aurous diauiphite, 280 

ditMosulphate, 540 

dihydrate, 541 

pentahydrate, 541 

heptathiosulphate, 541 

barium dithionate, 591 

beuzylsulphinate, 163 

bismuth thiosulphate, 553 

brownish-red rhodium sulphite, 326 

cadmium dithiosulph'ate, 547 

hyposulphite, 183 

persulphate, 479 

sulphite, 287 

calcium nitratodithiosulphate, 544 

seienate, 862 

thiosulphate, 544 

cerouB sulphite, 302 

ehloropentasulphitosmate, 325 

chloropyrosulphonate, 681 

chlorosulphonate, 688 

chromic seienate, 876 

cia-disulpbitodiethylenediaminoco b al- 

tate, 317 

trihydrate, 317 

ci5-disulphitotetramminocobaltate, 317 

cobalt heptathiosulphate, 556 

persulphate, 480 

tetratluosulphate, 556 

eobaltic aquopentamminotrisulphite, 

316 

hexamminohexasulphate, 318 

octamminohexasulphite, 318 

pentamminotrisulphite, 315 

sulphite, 315 

sulphitopentamminotrisulphite, 

316 

cobaltous disulphite, 314 

cupric amminosulphite, 279 

cuprosic octosulphite, 278 

pentamminotetrat hiosulphate, 

535 

pentasulphite, 278 

hexahydrate, 278 

octohydrate, 278 

tetramminotetrathiosulphate,535 

dihydrate, 535 

tetrasulphite, 278 

cuprous bromodecathiosulphate, 533 

bromopentathiosulphate, 533 

cblorodithiostilphatosulphide,534 

— chloropentathiosulphate, 533 

decatHosulphate, 532 

enneahydrate, 532 

hemipentadeeahydrate, 532 

hexahydrate, 532 

octohydrate, 532 

diamminodithiosulphate, 532 

dichlorotrithiosulphate, 533 

disulphatoctothiosulphate, 534 

dithiocyanatopentathiosulphate, 

^533 

dithiosulphate, 532 

dihydrate, 532 

hemipentahydrate, 532 

monohydrate, 532 

■ dithiosulphatodisulphide, 534 

s- dithiosulphatosulphide, 534 

dodeoathiosulphate, 532 

dodecahydrate, 533 


1 Sodium cuprous ferrosic sulphite, 312 
(tetra)sodium (deca)cuproiis heptasulphite, 
276 

heptathiosulphate, 532 

enneahydrate, 532 

hexahydrated, 532 

hydroctosulpiiite, 276 

iodobromopentatiiiosulphate, 533 

octochlorotetradecathiosulphate, 

533 

(hexa)sodium (tetra)cuprous pentasulphite, 
275 

pentathiosulphate, 531, 533 

hexahydrate, 531 

octohydrate, 531 

pentahydrate, 531 

silver hexamminoctothiosulphate, 

539 

— = sulphite, 275, 276 

hemihenahydrate, 275 

tetrachloropentathiosxilphate,533 

(hepta)sodium cuprous tetrasulphite, 276 

tetrathiosulphate, 532 

dihydrated, 532 

hexahydrate, 532 

thiosulphate, 530 

(penta)sodium cuprous trisulphite, 276 

trithiosulphate, 532 

decahydropentaselenito dodeeavana- 

date, 835 

decahy dro tetraselenit ohexavan a d a t e, 

835 

hexahydrate, 835 

decamolybdatotrisuipbite, 307 

hexadecahydrate, 307 

decaselenitotetradecavanadate, 835 

decavanadyl hexasulphite, 305 

diammonium triselenatouranate, 878 

I dicadmium trithiosulphate, 547 

— dichlorotetrasulphitosmate, 325 
— ■ dif erridihy drosulphatotet rasuiphite, 

313 

— difluodithionate, 599 

— dihydrotriselenatouranate, 878 

— diselenide, 768 

— diselenitopentamolybdate, 837 

— diselenod^ulphoarsenate, 921 

— disulphitodiamminocobaltate, 318 

— disulphopersulphate, 481 

— disirlphuryliodide, 690 

— dithionate, 583 
dihydrate, 583 

— diuranyl trisulphite, 308 

— dodecahydropentaselenitohe xa vana- 
date, 835 

— enneathionate, 629 

— ethylsulphinate, 163 

— ethyl sulphoxylate, 162 

— ferrisulphatosulphite, 313 

— ferrous persulphate, 480 
thiosulphate, 656 

— fiuosulphonate, 685 

— forraaldehydehydrosulphoxylate, 162 

— formaldehydohyposulphite, 173 

— hexahydrotetraseleixitohexavana date, 
835 

— hexaselenide, 768 

— hexasulphitosmate, 325 

— hydroselenite, 822 

— hydrosulphite, 267 
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Sodium hydrosulphite (formaldehyde), 162 ] 

hydroxjTnetheTie sulphinate, 163 

hydroxymethane sulphonate, 163 

hyposulpbite, 181 

dihydrate, 181 

iodosulphonate, 689 

iridimn enneainminohexasulphite, 324 

trisnipbite, 324 

lanthanum, selenate, 872 

lead heptatbiosulphate, 551 

pentathionate, 628 

pentathiosnlphate, 652 

tetrathiosulphate, 552 

trithiosulphate, 551 

lithium selenate, 856 

sulphite, 260 

magnesium persulphate, 479 

manganous pentasulphite, 311 

sulphite, 311 

trithiosulphate, 555 

mercuric chlorosulphite, 296 

diiododithiosulphate, 549 

oxydisulphite, 296 

selenite, 829 

thiosulphate, 548 

trisulphito, 296 

mercurous thiosulphate, 548 

monoselenoxanthate, 920 

nickel heptathiosulphate, 557 

persulphate, 481 

octosulphate, 447 

octoxydriselenodiarsenate, 874 

orthoselenoantimonite, 834 

orthoselenoarsenate, 874 

osmictetrasulphite, 824 

osmium sulphite, 325 

oxynitrosotetrasulphite, 326 

oxytetrasulphitosmate, 325 

oxytriselenophosphate, 932 

palladous tetrasulphite, 325 

pentamolybdatodisulphite, 307 

pentaselenide, 768 

pentasuiphate, 448 

pentathionate, 627 

persulphate, 476 

platinie oxydisulphite, 323 

platinous disulphite, 322 

heptathiosulphate, 558 

c^>-sulphitodi amminosulphite, 

321 

pentathiosulphate, 558 

tetrathiosulphate, 558 

iram-sulphitodiamminosulphite, 

320 

potassium chlorothiosulphate, 529 

^•hydrosulphite, 271 

sulphite, 271 

thiosulphate, 529 

p 3 U'osulphate, 445 

P3rrosulphite, 328 

rhodium sulphite, 326 

ruthenium hydrosulphite, 326 

oxyoctosulphite, 326 

■ selenate, 855 

“ decahydrate, 855 * 

selenatochromate, 876 

selenide, 766 

■ decahydrate, 767 

— ennealiydrate, 766 

hemienneahydraT>e, 766 


Sodium selenide hexadecahydrate, 767 

selenite, 821 

seienoantimonate, 875 

selenomolybdate, 797 

selenostannate, 786 

selenotetrantimonite, 834 

selenotrithionate, 927 

silver chlorosulphite, 280 

dithionate, 588 

enneathiosulphate aeetylide, 540 

henathiosulphate aeetylide, 540 

heptathiosulphate, 538 

monamrainothiosulphate, 538 

sulphite, 280 

tetrathiosulphate, 538 

thiosulphate, 538 

dihydrate, 538 

monohydrate, 538 

tridecasuiphite, 280 

trithiosulphate, 538 

sulphite, 260 

decahydrate, 261 

heptahydrate, 261 

suiphodiselenide, 919 

sulphotriselenoarsenate, 921 

sulphoxylate, 162 

sulphury! bromide, 689 

chloride, 689 

nitrate, 689 

thiocyanate, 689 

tetraselenide, 768 

tetrasulphuryliodide, 690 

tetrathionate, 617 

dihydrate, 617 

tetrauranyl pentasulphite, 308 

thallous dithionates, 594 

pentathiosulphate, 549 

tiithiosulphate, 549 

thiosulphate, 516 

dihydrate, 519 

a-, 520 

j8-, 520 

hemihydrate, 519 

hexahydrate, 520 

monohydrate, 520 

a-, 620 

520 

pentahydrate, 519 

a-, 520 

520 

tetrahydrate, 520 

tritatetrahydrate, 520 

thorium hydroxysulphite, 303 

irciTis-disulphitotetramminocoba 1 1 a t e, 

318 

tricadmium tetrathiosulphate, 547 

trihydrodiselenite, 822 

trioxyselenoarsenate, 874 

trioxyselenophosphate, 932 

triselenide, 768 

triselenitodecamolybdate, 836 

trisulphitocobaltate, 315 

— — trisulphoselenoantimonate, 922 

trisulphoselenoarsenate, 922 

trisulphuryliodide, 690 

trithiona^e, 607 

triuranyl disulphite, 308 

tri vanadyl disulphite, 305 

uranyl disulphite, 308 

hydrosy^sulphite, 309 
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Sodium vanadyl disulpbite, 305 

Kinc h\^osulpIiite, 183 

persulphate* 479 

Solfo, 1 
Soufre, 1 

nacre, 26 

Spiritus snifniis acidus, 186 

syivestris, 1 86 

Stahl’s sulphur salt, 268 

Stannic disulphododecachloride, 647 

disulphotetraiodide, 655 

hydroseienite, 833 

octohydroxyhexaselenite, 533 

selenide, 785 

selenite, 832 

selenium dioxyoctochloride, 910 

Stannous dithionate, 594 

heptoxyditliionate, 594 

hyposuJpMte, 183 

selenide, 784 

thiosulphate, 550 

Stannyl selenate, 873 
Steric hindrance, 2-10 
Strontium antimonious thiosulphate, 553 

bismuth thiosulphate, 554 

cadmium tetrathiosulphate, 547 

disulpburyldiiodide, 691 

dithionate, 589 

hydrodioxydiselenophosphate, 932 

hydroseienite, 825 

hyposulphite, 182 

lead thiosulphate, 552 

mercuric sulphite, 300 

thiosulphate, 549 

pentamoiybdatodisulphite, 307 

persulphate, 478 

poiyselenide, 775 

potassium thiosulphate, 644 

pyrosuiphate, 446 

selenate, 862 

selenide, 774 

selenite, 825 

silver dithiosulphate, 545 

sulphite, 283 

hemihydrate, 283 

tetrasulphuryldiiodide, 691 

tetrathionate, 618 

dihydxate, 618 

hexahydrate, 618 

thallous dithionates, 594 

thiosulphate, 543 

— monohydrate, 543 

pentahydrate, 543 

trithionate, 609 

Sulfite Liilfure de soude, 485 
Sulfuj apyron, 1 

vivum, 1 

Sulphates, 440 

acid, 440 

complex, 440 

double, 440 

triple, 440 

Sulphatoselenates, 929 
Sulphhyposuifate de potasse, 600 
Sulphides, 141 
Sulphinates, 163 
Sulphmio acids, 165, 238 
Sulphites, constitution, 234 
Sulphohydrates, 141 
Sulphones, 362, 16o 


' Sulphoselenides, 9 1 9 
; Sulphoselenium enneaoxYoetochloride, 91 ! 

tetroxydi bromide, 911 

trioxytetrabromide, 911 

j triox\’teti*aehloride, 911 

j Sulphosuiphurous acid, 563 
I Sulphothionyl chloride, 635 
\ Sulphoxylates, 165 
I Sulphoxjdic acid, 161, 238 
j Sulphur, 1 

j a-, 23 

i 24 

y-, 25 

S-, 25 

e-, 25 

28 

0?-, 28 

9-, 28 

A-, 46 

/i-, 46 

49 

active, 59 

allotropic forms, 23 

amorphous, 29 

atomic disintegration, 1 12 

number, 112 

weight, 110, 112 

bacteria, 7 

black, 33 

blue, 34 

bromides, 649 

Bungo, 15 

chlorides, 631 

colloidal, 29, 38 

solution, 38 

cycle, 9 

diamminodichlorid©, 646 

dibromide, 652 

dichloride, 632, 644 

dioxide, 186 

analytical, 233 

hexahydrate, 210 

phs^siological, 242 

preparation, 198 

properties, chemical, 203 

physical, 190 

uses, 243 

dioi^dianhydrosulphace, 345 

ditritaiodide, 653 

earth, 14 

Electronegative, 419 

electronic structure, 131 

electropositive, 419 

extraction, 14 

flowers of, 3, 19 

fluorides, 630 

heminitrosyl trioxide, 345 

hept oxide, 448 

hexafluoride, 630 

hexaiodide, 655 

history, 1 

holoxide, 449 

hydrate, 161 

hydrated, 91 

hyperoxide, 449 

iodides, 653 

isotopes, 112 

metallic, 33 

milk of, 30 

monobromide, 649 
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Sulphur nionocliloride, 633 

monoclinic, 24 

monofluoride, 630 

monoiodide, 653 

monoxide, 162, 205, 566 

Miithmann’s — I, 23 

11, 23 

Ill, 25 

IV, 27 

nacreous, 25 

nitroxyltrioxide, 345 

occurrence, 4 

— octahedral, 23 

oxyhaUdes, 678 

oxy tetrachloride, 681 

pentanhydrosulphatochloride, 344 

pentoxide, 449 

philosophorum, 331 

physiological action, 104 

prismatic, 24 

properties, chemical, 87 

physical, 53 

pump, Frascli's, 15 

rhombic, 23 

rhombohedral, 25 

rock, 19 

roll, 19 

selenide, 796 

sesquioxide, 184 

solubility in hydrogen persulphide, 

159 

tabular, 25 

tetrabromide, 652 

tetrachloride, 646 

tetrafluoride, 630 

tetramminodichloride, 646 

tetroxide, 449 

tetritadichloride, 635 

thiogen process, 17 

trigonal, 25 

trioxide, 331 

a-, 340 

jS-, 340 

y-, 340 

dihydrate, 352 

formation, 332 

hemihydrate, 351 

hydrates, 351 

monohydrate, 351 

pentahydrate, 352 

tetritahydrate, 352 

trihydrate, 352 

tritetrahydrate, 352 

trioxytetrachloride, 681 

tritadichloride, 635 

tritatetrachloride, 632 

uses, lOB 

valency, 110 

Sulphuric acid, 351 

analytical reactions, 441-2 

arsenic in, 370 

chlorohydrated, 686 

cascade system, 369 

Gaillard’s spray process, 369 

Kessler*s hot air process, 

369 

constitution, 356 

dihydrate, 352 

tetrahydrate, 352 

— trihydrate, 352 


Sulphuric acid formation, 364 

fuming, 361, 444 

history, 362 

manufacture, 362 

chamber process, 362 

contact process, 377 

lead chambers, 366 

theorj^ of, 372 

Nordhausen, 351 

occurrence, 362, 363 

physiological action, 440 

properties, chemical, 432 

physical, 384 

purification, 369 

selenium in, 371 

uses, 440 

chlorohydrine, 686 

Sulphurite, 5, 24 
Sulphurium, 1 
Sulphurum, 1 
Sulphurous acid, 186, 234 
Sulphuryl bromide, 676 

chloride, 666 

fluoride, 665 

halides, 665 

hydroiodide, 690 

hyperoxide, 449 

iodide, 676 

peroxide, 449 

sulphate, 347 

sulphates, 690 

SuIphuryHum sulphate, 357 
Svafvel, 1 


T 

Tantalum selenide, 796 

Tautomerism, 240 

Tellurium ammonium sulphite, 306 

anhydrosulphatotetroxide, 345 

selenate, 875 

selenide, 796 

sulphotrioxide, 306 

Tetrahhydrosulphatochlorine monoxide, 344 
Tetraselenitohexavanadic acid, 835 

octohydrate, 835 

tetrahydrate, 835 

Tetraselenitovanadic acid, 835 
Tetrasulphates, 448 
Tetrathionates, 610, 617 
Tetrathionic acid, 610, 611 
anhydride, 611 

Tetrauranyl ammonium pentasulphite, 308 

potassium pentasulphite, 308 

sodium pentasulphite, 308 

Thallic amminoselenate, 871 

hydroselenate, 871 

hydroxyselenate, 871 

potassium selenate, 871 

selenite, 830 

Thallium cobaltous sulphite, 314 

hexavanadyl tetrasulphite, 305 

octosulphate, 448 

pentaselenide, 782 

triselenide, 782 

trithionate, 609 

Thallosic bromoselenate, 913 
chloroselenate, 913 



956 


INDEX 


Thorium selenate ennealiydrated, S73 

octohydrate, 87^ 

selemde, 784 

selenite, 832 

monohydrate, 832 

octahydrate, 832 

sodium hydroxysulphite, 303 

sulphite, 303 

thiosulphate, 550 

Tiemannite, 694, 779 
Tilkerodite, 787 
Tin diselenide, 785 

monoselenide, 784 

oxy sulphite, 303 

Titamum selenide, 784 

selenium dioxyoctochioride, 910 

sulphoctochloride, 647 

sulphodecachloride, 647 

thiosulphate, 550 

Titauy] dihydroxyselenate, 873 

dihydroxyseienite, 832 

selenate, 872 

selenite, 832 

p-toluoyl hexathionate, 629 

pentathionate* 627 

Trianhydrosulphatophosphoric acid, 346 
Tricadmium sodium tetrathiosiilphate, 547 
Triselenatochromie acid, 876 
Triselenatouranic acid, 878 
Triselenatouranyluranic acid, 878 
Trisodium cadmium tetrathiosulphate, 547 

hexahydrate, 547 

triiiydrated, 547 

Trisulphates, 448 
Trithiouates, 607 
Trithionic acid, 600, 601 

anhydride, 601 

Tnuranyl ammonium disulphite, 308 

sodium disulphite, 308 

Trivanadyl ammonium disulphite, 305 

potassium disulphite, 305 

sodium disulphite, 305 

zinc disulphite, 305 

Tungsten diselenide, 798 

thiosulphate, 555 

triselenide, 797 


Thallosic selenide, 782 
Thalloiis aluminium selena.te, 871 

antimonious thiosulphate, 553 

arsenious thiosulphate, 553 

barium dithionates, 594 

bismuth thiosulphate, 554 

cadmium sulphite, 302 

chromic selenate, 836, 876 

copper selenate, 870 

cupric sulphite, 301 

hexahydi’ate, 302 

thiosulphate, 549 

cuprosic sulphite, 302 

■ dithionate, 593 

ferrous selenate, 882 

sulphite, 312 

hydroselenate, 870 

hydroselemte, 830 

hydrosulphite, 301 

hydroxydithionate, 594 

lithium dithionates, 594 

magnesium selenate, 871 

manganous selenate, 879 

sulphite, 311 

nickel selenate, 889 

sulphite, 319 

perselenate, 852 

persulphate, 480 

potassium dithionates, 594 

pyrosulphate, 447 

selenate, 870 

selenatoaiuminate, 871 

selenatochromate, 876 

selenide, 782 

selenite, 830 

sodium dithionates, 594 

pentathiosulphate, 549 

trithiosulphate, 549 

strontium dithionates, 594 

sulphatodithionate, 694 

sulphite, 301 

thiosulphate, 649 

zinc selenate, 871 

sulphite, 302 

Thiogen process, sulphur, 1 7 
Thionyl, 655 

bromide, 662 

chloride, 656 

chlorohromide, 664 

fluoride, 665 

halides, 665 

hemipentamminofluoride, 656 

heptamminofluoride, 656 

iodide, 664 

oxide, 184 

Thiopermonosulphurie acid, 604 
Thioschwefelsaure, 485 
Thiosulphates, 514 

constitution, 507 

Tbiosulphuric acid, 485 
Thiozone, 36 
Thiozonides, 36 

Thorium cuprous dithiosulphate, 550 

decahydroenneaselenite, 832 

dihydroxytrisulphite, 303 

dithionate, 594 

hexahydroheptaselenite, 832 

— " — hexahydropentaselenite, 832 

hydrosulphite, 303 

potassium hy^oxysulphite, 303 


TJ 

TJebertragungskatalyse, 673 
TJmangite. 694, 770 
XTranium diselenide, 798 

disulphite, 307 

hemitriselenide, 798 

trithionate, 609 

XTranous dithionate, 596 

oxydithionates, 596 

oxysulphite, 307 

XJranyl ammonium disulphite, 308 

hydroxysulphite, 308 

selenate, 877 

— selenite, 838 

cerium sulphite, 309 

dihydrotriselenite, 838 

dithionate, 596 

hexahydroxypentasulphite, 307 

hydroselenate, 877 

hydroselenite, 838 

-- — hydrosulphite, 308 
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Uranyl liydrotriselenate, 877 

lantiianuni sulphite, 309 

neodymium sulphite, 309 

platiuous ircins-sulpliitodiaiuminosul- 

phite, 321 

potassium disulphite, 308 

hydroxys ulphite, 309 

selenate, 877 

selenite, 838 

praseodymium sulphite, 309 

pyrosulphate, 447 

selenate, 877 

selenide, 798 

selenite, 837 

dihydrate, 837 

sodium clisulphite, 308 

hydroxysulphite, 309 

sulphite, 308 

tetrahydrate, 308 

tritahenahydiate, 308 

tetrahydropentaselenite, 838 

heptahydrate, 838 

pentahydrate, 838 

thiosulphate, 555 


V 

Vanadatoselenic acid, 875 
Vanadium acetoselenate, 875 
Vanadyl ammonium disuiphite, 305 

dithionatej 595 

potassium disulphite, 305 

sodium disulphite, 305 

sulphite, 305 

trisulphite, 305 

Venetian red, 351 
Vitriol, brown oil of, 368 
VitriolBtein, 351 
Volcanite, 915 


W 

Wackenroder’s solution, 563, 621 
Weibullite, 694, 796 
Wittite, 694, 796 


X 

Xanthochromic dithionate, 596 


• Y 

Ytterbium sulphite, 302 
Yttrium dihydrotetraselenite, 832 

dithionate, 594 

selenate enneahydrated, 872 

octohydrated, 872 

selenite, 832 

sulphite, 302 


7j 

Zinc aminomethyl sulphoxylate, 162 
— — amminoselenite, 827 


Zinc amminosulphite, 280 

ammonium dithionate, 592 

hyposulphite, 183 

persulphate, 479 

selenate, 865 

sulphite, 286 

thiosulphate, 546 

caesium selenate, 867 

calcium hyposulphite, 183 

diamminosulphite, 286 

diarnminothiosulphate. 546 

dibenzyisulphone, 162 

dihydrazmosulphite, 286 

dihydroxysulphite, 286 

dithionate, 592 

ethylsulphinate, 163, 238 

heptoxyoctosulphite, 286 

hydrazine selenate, 866 

hydrazinohydrosulphite, 286 

hydroselenite, 827 

hydrosulphite, 286 

hydrotetrathionate, 619 

octodecoxypentasulphite, 286 

pentamminoditMonate, 592 

pentamminotetrathionate, 619 

pentamminothiosulphate, 546 

pentathionate, 628 

persulphate, 479 

platinous imri^-sulphitodiamminosul- 

phite, 321 

potassium hyposulphite, 183 

persulphate, 479 

selenate, 866 

, dihydrate, 866 

hexahydrate, 866 

selenatosulphate, 930 

sulphatoselenate, 930 

sulphite, 286 

thiosulphate, 546 

pyri dinopersulphate, 479 

pyrosulphate, 447 

rubidium selenate, 866 

selenate, 865 

hexahydrate, 865 

pentahydrate, 865 

selenide, 776 

selenite, 826 

dihydrate, 826 

sodium hyposulpliite, 183 

persulphate, 479 

sulphite, 286 

dihydrate, 286 

hemipentahydrate, 286 

monohydrate, 286 

sulphitodihyposulphite, 183 

sulphone, 162 

sulphoxylate, 162 

tetramminoditiuoiiate, 592 

tetimiQimnopersxxlphate, 479 

tetrarmninotetrathionate, 619 

tetrapj’TidinotetratMonate, 619 

tetraselenite, 827 

tetrathionate, 619 

thallous selenate, 871 

sulphite, 302 

thiosulphate, 545 

triamminwulphite, 286 

triamrninotetratMonate, 619 

triamminothioeulphate, 546 

trithionate, 609 
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Zinc trivanadyl disulphitej 305 
Zirconinm cuprous trithiosulphate, 550 

oxysulphite, 303 

selenate, 873 

selenide, 784 

selenite, 832 

monohydrate, 832 

sulphite, 303 


Zirconium sulphochloride, 61 

thiosulphate, 550 

Zirconyl selenate, 873 

selenite, 832 

Zolfo, 1 

Zorgite, 694, 788 
Zaire, 1 
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